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LA &

E Yy (foxglove  plants) Ffrfd R Y =5 5l 5 75 (digitoxin) F33EBLA
JAEIRE VA AEEGIRBEEERYER b - WIERS TR = I RR B st {1 i
FACEY FE I 0 1285 (congestive heart failure, CHF)[ 1] HY58 007 < FHATE Ml
FEEFE BRI » 5% TR B (2 - I LA Y RS L R
FEAYRGA - L TR YR AN SEYIRIRIEE - DURE TR 7 AR rh a1
T 3t i H B R AR A2 I R AR FEE A (29 755 10 ~ 20 ng/mL
[2] - FlSEE 35 ng/mL 7 - &5 A ASR B - BAREEL G
HHERLIBE O ~ W ORSCRY] ~ WEHIESR B G o F A IEL SE VIR 2 2 R S it [ A B k42
MR aReE R LA RN ey AR BRI (2] 0 RIELAr ik
HE~ HERE ~ A SOWER I A RS N B AR AL - (R B AR -

SRR BRI B G ER /53 P26 - Nore[3 128 H i
T2 73 AT (radioimmunoassy, RIA) » I A AR iy i B i i Y 5
LA AR (limit of detection, LOD)I /N 5 ng/mL ~ AHEHEHEfR 22l (relative
standard deviation, RSD)/FA 13.0%EH 22.79% B, 7 [i] + 7F Pellati[4]0Y A7k #72E
it DUEFHTAE U (solid-phase microextraction, SPMEYE A HET 7R A Hij B2 EL »
J Dyt i e S R ) P RS R S RREORH @ AT 25 (high-performance
liquid chromatography, HPLC){EHIHR I - T3 {EillasfRES 1.59 ug/mlL -
FHEATHERAHERS 1.0% » BUREA RIS - B SRS A I
EVEFE - i AR SRV ET R B A BRI - TR B KR A A
Georgakopoulos[ 5] A @ AHE 1T EL 5 Eckr (GC/MS) » AT F A 6 i o
TR » FE1F R RO 3R(90%) 5 Suzuki6]55 A\ HHPE » DU Rhe it
JEHTH I SR (HPLC/MS/MS) » il A\ B IM AR B pRAR A » HAhi Ay a
R (AR T2 0.1 ng/mL) B FER P (RHEHTHER AR/ NS 12%) » HFRHE
TIREIRE S IRV JEAT R » B Lol ACRRPT e AR 25 ben iy - ¥
R HEEYR T AT EESE R -

ARTERy T 2 HEEbAR A TR ~ fE R T 5 - DU RS
B YRR o o o R 7 B U AR A (dispersive . liquid-liquid
microextraction, DLLME)[7[HET pA Y izl » SRR PRk ~ Sl <l
AR PG B TR ER SRR T T IRF A T R e (matrix assisted laser
desorption/ionization time-of-flight mass spectrometry, MALDI-TOF MS)[8] » [}
B S SR ~ ST ~ S R AN TR R Y e AT e D R
Bh o BT RO SRR AT -
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2. WS

2.1 BB

I 10 mg /Y a-CHCA (a-cyano-4-hydrox ycinnamic acid)[f[ 5 » 74 1 mL
Y 0.1% TA ¥ » B L B FR B R S e PRt i o FH Y B R RS B s
DAZXEREF/KECE 10 mM ) NaH,PO4 #RFERAHE » 1A NaOH B¢ HCI » |
FHPE w5 5 Ry pH R 4~ 6~ 8 K2 105 ) 1.0 mM YE B 7K
VTR 0 DAL NaH PO #RAARRREE » 8414 0.01uM ~ 0.05uM ~ 0.1uM ~ 0.5uM
Je 1.0uM HOFFHEEAERHE o ANam 2O P s FHEY vt AHGHIPRIR » HER
AR T8 SR EUE T Bé(acetonitrile)E T T L AU S - 7
PLO.1% — 55 it 8 (trifluoroacetic acid AW HET T A B A s FE > f5: 76 L 0.45 um 1Y
Nylon JEIGEIE I - RVA] 58 RV BAP BE > RGE FiTER B R R AR
B DA G UHORBAE G2 R AT IR RCR. » S MALDI-TOF
Bl ST EMEGHRIEE AT -

2.2 SRR RS

SRR TR G A —FEAN AR RIRAR - ME T T EY AR HY -
HAERMEMGE ~ DUl ~ AR ~ SEDECRRE IR R R, o A0
FrER A B A L > BT 4% > HUS mL Ay
TSN > &Y 15 mL BYBEERIEHE AT » FEA 1T mL PRI
(tetrahydrofuran )75 K2 12 uL #Y /i (chloroform) A< - B2 I EE
IR 0 L3000 rp.m BT THEC o388 0 SREELL 25 nL BRI B 81 o FlEEE O
IR ORI B a-CHCA JEER G » HU 1 uL BRGYETE - B
(target plate) [ » FRAHHZEEE: » BV 252 A MALDI-TOF B » HEfT
SRR E R i I B e S A

2.3 EEWABDTE BT ebr R TR R A

MALDI-TOF EEHEEAT SRl 5L ~ S B ~ SR ~ i 52 1%
Je Ay M SR B BER, - NI BT~ S
TREVILU R SEYEACEYIRIE E T - 38 EAYSURRI9- 13 F6E » R E i
AFESEYIRI(EH] > FTBE FHE AR BT IR Ay » FEASE 2L > BefM T
Jeie tHA ] MALDI-TOF B Rt Gt E b P (el » JURFERAISIAUAS © (DER(E
fii %y ~ Pk HRe[RIRFET T2 Ab S AT bk B A ~ (iR 5 (3)
O EEREL S ()RR ¢ (S)Fnil L ~ BER BRI bk L R T
I > A S AR MALDI-TOF FTR5{E > FEE] Bruker 23w TR FERY S 1
I MicroFlex {#25 - BLfifi #2553 337 nm ) No IR CE B A7 gl B iy
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B g TR TR X BT FH A {EHI 25 55 microchannel plate detector (MCP) » if7
ELA (el T d ey e - B e FE e - ThRE -

3. KGRI A

3.1 BB R

X MALDI-TOF B GSESEr T Y4 ATies » 5 FH 5 mi iy 5 s B alft
BT E RN RAFRIE VAR SRR B AT T ~ B ARIRS TR
e RV ER SRR - G5 PR E R AT PIRYBE LR BAARE RsS
2 NI MEET R E TR AT - DGR oM GRS B -

DUR B B2 (SA ~ 2,5-DHB ~ o-CHCA) ~ Z5KBHRA R (GRS ~ =
KR ~ K ~ FORE ) S B EREE - A EAFIRY B SR T - fulfd
EEHTATYE AR RIEEERSER o &5 R AE 1 FR o TR R
i HERERALL (signal-to-noise ratio, S/N)PIET » 5 LAE 1a 11 a-CHCA {7 {5
BB A B BBt s (L S Y901 764.9 Da)Bdgit 1 -
PETAHARS % AT A IM+Na] (BT EL ~ m/z = 787.4) K [M+K] (m/z =
803.4)3 5% » A » FRAFTEFELL o-CHCA H{ERELE » HEfTA SR B FHBIRTSE -
{22 » o-CHCA BaIATYIHNRR GV - AREZB AR -l iR ah TR
Gy e rh il (sweet spots)fUTE P EE A > EEBE BRI B IIER 2 - 1999 4F
Patrik[14]55 A\ FE 7 —Ff seed-layer HYFRSMCEE 520 - wT BB BLAR TR
et A 0 SIS H AR R A - AI[RREE 3% AN - KRS
A seed-layer iy 7 HUBECBAFHIER A > B | UL BYEEES o-CHCA YEHES AR
bl AP HEZEP R TG FEAL & 1R - PR AT EL o-CHCA HYIE SR 0 Bl
ERESE L PR RYR - Aie A MALDI-TOF Bt T{H
il

3.2 3G E A A B Rk B 1L

P73 BRI IR T TR IR BE > DU i (Y 7 M P 26 HL
BLTERAASCRIN - T2 205 N ZR[15- 18 AT AR AR EOR ORI ~ yA7R].Z
I BERTLL S bR ey pH s -

VR

7 R GER TSR - AT AR R MRl T IR -
B LR A R R+ FLR > BRI VA R 2L
SIEOR S5 ARG TR S RAHAIRE B ORI ALY © etk » ARETE
[ AT )BTRS AETE - AT B | DA & B (dichloromethane, CHACl,
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WRREES 1.32 g/mL) ~ FAAGCEEETS 1.48 g/mL) ~ PUZ{Lfifii(carbon tetrachloride,
CCly 5 #ERS 1.58 gmL)[ 191 F5 A= HUH » MEF 7 B3t S i VAR » 5 A2 BILL
CG@MBERS AEETE] AR ARl Ol A TR EE A 0 e A HAR
fE T IRIRCER © DAY E A B E R A0 - & B A IR rIACs - H
SRR - AL - BRGSO i R 2R < [ 2 s LhifseAs
[FIF A HRIRESE - EA MY (R % (enrichment factor) Y 5278 » T » 4
(i HRHE R EUR » "EET 800 fEHIIRMERCR -

BV

S BUBIHE S B IR I P AR R At 5 AR
F SR A 2 A AR FR A AR ORI R iR » AEE R s e oA
JERBAUIRRE » 250U AT o B Sd P AT YA ES R B 4R
BB BRI S22 > AT A REVA A ZE IR B i
ST HURIE) 430 3R B R A ke St W 3 B o DA e o o FH R 45
Pifli(acetone) ~ HfiE(methanol) ~ Z [ (alcohol) ~ {5 H e Fe PU S Bkl — L -
FEER DL SRR R o O o Pt IR B R R P AR - B R mri
HiE REE -

L

BRI AR WL~ 12 L~ 16 WL ~ 20 L J% 24 0L » HEa
SRS TP R B - W AEIURER 8 WL I - TR AR
2D » PRI AR » AFRIRMEH © B ZEIBUREGY 16 WL I » SR
HOMRUARAT » IAHRCRIE © BAEATIEURS 12 WL - g
AR WA RBIBRAIRS 1,150 -

PRI % S B B B TR o R AR - DI
WY (0.5 mL ~ 0.75 mL ~ 1 mL ~ 1.25 mL }7 1.5 mL) » 535IHET 7472
SHGHRCEIT LR - 5 MR IS | mL) » FTAEAROE (Bt
G 53 WA E A » SRR S B O IORDY 1.5 mL) »
DUBAHEIMREID » S HTPIHO AR GRS - SEMUBCR U ¢ B0
| mL 5 1.25 mL I FEFHOIHIREIEE I 1,200 VIR -
B 3 35N T RSB DRI - SRR 1 L I » FTEIR,
FERBRAHIELCHR(929%) -

BB pH fH

etk i e pH AAERYEIY - E25ER 7 AT PR IE A7 e
(o FLAE /IO 5 S RS 2 A R 55 e BT DABR S 2R LA B
e B A AR pH A BT (RIS 8 B RSB pH S
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R 6 16F » JRAAGRER S ~ 2GR L E -

# 1 JIHE D HEUBH AR NS - 2 TR TTSREE I IR BB R  DARRAE
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WORAEIR - FRSRHERELAY BT 13 (E] 4A)AKEES 2 554 (1@ 4B) » GG
A ST I T 5 o BRI — AT V) B R RO A B R R

3.3 ERERWOE BT

ST YR RS R KRR A7 A RS 0.01uM ~ 0.05uM ~ 0.1uM ~ 0.5uM
Je 1.0uM A3t B AR HE YA » DU EERY 7 BRI A T B e -
1T AT IR A< HUEL TRRAE - P55 MALDI-TOF B RHESE € AT - 16
HEYRWEE 5 R AT - PSSR B R AlE 5 firs - el Aa] %0
ST VIR B R ECHIAY RS SR - B R AR TERA R - AHRR R
(correlation coefficient, RO % 0.9949 -

ST e RS A S 5 - F CARHGRAERALL 3 3 IRf » PR HEAVIR S E SR -
FHEEBas RA A1 > A AP RY AT i » BBt T S IR (e
FRPR £ 2.2 nMGEZERA 1.7 ng/mL) -

AT A B - R B H Y2 B MERR R s L o [l BRI
(shot-to-shot) /TG Al I AR IE » DL AR L.~ [ (sample-to-sample)
SIHTIRZE R B E B PE AY s2 RS AR PTIHSAY F AT HE R A= (i
TAE 10%LLAN -

FETEH NAIPRIRE S > VR IA BB S T 2E0(10° M) > DU I beek
0.1% — Mg » HETTH8E Bl LSRR R EUDBE o s mTIH SR (e 56
VBT RHELAS 757%  FTIZ B9 IM+Na)* (m/z = 787.5)3 Uk ([ 6) - A2 tbsy
Hr I ] st FE AT S A AR B Y PR PR R et Al iy =6
SRR -

4. i

AHFTER AL > DAEAT BRI EIRF I ~ B PR i 2 B i e e S R Y
T CRIRAAE NS FERCI BRI ~ bk il R AR i i 2 S R Ty
MALDI-TOF EgHZ: » PR MU GE ~ 80004715 > RS
e L S PIR (] -
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Using Dispersive Liquid-Liquid Microextraction for the
Determination of Digitoxin by Matrix Assisted Laser

Desorption/Ionization Time-of-Flight Mass Spectrometry

Wenn-Ling Yang Chien-Chung Liou*

Abstract

In this study, dispersive liquid-liquid microextraction method was employed for
the extraction and preconcentration of digitoxin in an aqueous solution. The analyte
was detected by the matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry.

The appropriate mixture of 1 mL of dispersive solvent (tetrahydrofuran, THF)
and 12 pL of extraction solvent (chloroform, CHCI3) was injected into a standard
solution of digitoxin. After centrifugation, the extraction solvent was deposited on the
bottom of the conical tube. The sediment phase was transferred and mixed with
o-CHCA matrix before analyzing by a mass spectrometer.

The results of our experimental data for the determination of digitoxin showed
the signal enhancement factor of this analyte could be as high as 1,200 after
dispersive liquid-liquid microextraction. The limit of detection of digitoxin was
2.2 nM, the linear dynamic range was from 0.05 pM to 1 pM with a correlation
coefficient (R2) of 0.9998, respectively and the relative standard deviation was within
10%.

The analytical method we proposed had also been successfully applied for the
determination of digitoxin in biological fluids such as urine after simple pretreatment
procedure. The advantages of this technique are fast, simple, easy sample preparation,

high sensitivity and high selectivity.

Keyword: dispersive liquid-liquid microextraction method, dispersive solvent,
extraction solvent, matrix-assisted laser desorption/ionization, time-of-flight mass

spectrometry



