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Comparison of LC-MS/MS and MEIA for the Determination of Digoxin Concentration in Human Plasma
BAI Wanjun', SONG Haojing', SUN Xiaoli’, AN Jing', HE Lien', QIU Zhihong', MA Jie', GUO Caihui', DONG
Zhanjun' (1.Hebei Provincial People’s Hospital, Shijiazhuang 050051, China; 2.Fourth Hospital of Hebei Medi-
cal University, Shijiazhuang 050051, China)

ABSTRACT OBJECTIVE: To compare the methods of LC-MS/MS and MEIA for the determination of digoxin concentrations in
human plasma. METHODS: The concentration of digoxin in standard controls and samples from 50 patients were respectively deter-
mined by LC-MS/MS and MEIA methods, and the results obtained by the two methods were analyzed using paired ¢ test. RE-
SULTS: There was no statistical difference between the data of standard controls by LC-MS/MS and MEIA methods (P>0.05).
However, the results of 50 samples from patients showed that MEIA data were significantly higher than LC-MS/MS data, there
was statistically significant difference (P<<0.01). CONCLUSIONS: There is considerable variation between MEIA data and practi-
cal data. Compared with the MEIA, LC-MS/MS is more suitable for clinical determination of digoxin plasma concentration.
KEYWORDS Digoxin; MEIA; LC-MS/MS; Plasma concentration
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Abbott Axsym System 4= [ 3125 £k 73 H A% (5 [ A 355 i 24
AR ] ) s AB Sciex Triple Quad™ 5500 #Y @80l AR €213 - T %
15 FHASC (92 0 FHAE W) R 508 W) ) s Toled AB204-S # HL —F- 43 At
%qz(ﬁfhﬁ ORI Z A0S LA PRy ) s Universal 16R FUAI%

ok v 8 O AL (] Hettich 23 W] ) 5 XW-80A AU g iR IR A4 (1

1%%4%&%@“7) s KQ3200E 7 [ FH 8 75 g 0 e e (B L
M (A BRA )
1.2 ZmE5ilF

i S ) B (LA R B AR FSE B, #1E5 £ 130629,
4l i =989 ) ; Vi #5251 % B A (I AR , 72 [ Dr.Ehrenstorfor
o3]S 100118, Al £ 99.09% ) 5 1 g 2 A v Hh 235 & (e
5 :25548M500) | b i e iR & (5 < 1846TM500) iy
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2.1 LC-MS/MSi%
2.1.1  EJESEEAIE Ak Waters Symmetry Ci5(150 mmx
2.1 mm,5 pm) ; i shAH : 5 mmol/L F FREZ/K I (A )-5 mmol/L
FH R e TR BV W (B ), B0 BE R (R MRS 7 LR 1) s T < 0.3
ml/min; FEIR - 40 °C; PEEERR 10 pul,

*k1 HEEXBRER

Tab 1 Gradient elution progress

t,min A, % B, %
0.1 40 60
1.0 25 75
3.0 5 95
4.0 5 95
4.1 40 60
6.0 Stop Stop

BRI SE E PR (ESD) 5 B P - IR B F (Posi-
tive) ; 2 TR Jy 3 - 22 8 7 ROV I (MRMD) 5 <7 L (CUR)
JE 17 :30 psi; fif <. (CAD) JE /7 : 6 psi; & T M5 R (IS) ¢
5500 V3 B U5 IR+ 350 °C 5 Y N SR 1(Gas 1,N,) Hs Jj: 50
psi; 5K 2(Gas 2,N.) H 7 :50 psic FT%E T # A9 B X4
5K m/z 198.4—651.A[Hh &= , figtf Wi I (DP) : 100V, filf 13 G
1 (CE) : 20 eV].m/z 782.4—635.4 (5, DP: 100 V, CE: 16
eV), M R NBRI—Z S E WLE 1.

2.7e8

. 651.4
&'1.8¢8 , 6.0¢6
z 614.5 5
z 4733 6512 7984 54.0c6 2194
£9.0e7 Z 96 '
= 5 2.0e6 ] 798.4
R=| I |
0 0 | I 1 1 1 fin
400 520 640 760 840 50 200 400 600 800
m/z m/z
A B
415.0 635.4
9 1es]| 4319 5.2¢6
2 97.0
&1.4e8 654.3 53.4e61 | 243.1
2 7824 2 782.6
£ =1
Z g
§7.0e7 £ 1.6e6 I L
£, L Ll
400 520 640 760 840 50 300 550 800
m/z m/z
C D

1 —% ZHKREE
A MR GBS ] s BB R B TR TR AL; CNARIY — 2R
Bk B s DR B8 11 2R ik Al
Fig 1 Precursor ion and product ion mass spectra
A. precursor ion mass spectra of digoxin; B. product ion mass spectra
of digoxin; C. precursor ion mass spectra of internal standard; D. prod-

uct ion mass spectra of internal standard

2.1.2 WIRMECH] RS PRI = 2 X IR 11.2 mg, BT
100 ml s rh, R B g 0 e 25, #5018 B it Mk B o 0.11
mg/ml P EARUER TR, BVKAE 4 “CIRAE, & .

b %5 BRI B 4T BB 5 19.0 mg, B F 100 ml f#E A, iR
BRI 25, A9 U W BE o0 0.19 mg/ml A8 BRI 45 T8, 75
FH WS AT T O e Ve 55 1) PRV, B DKAF 4 CIRAE 5
2.1.3  IMAAES LI AU S 500 pl, B T 10 mliad
A A3 A AR R (BT B2 9.50 ng/ml) 1 0.1 9% H 44
FBEE IS 50 wl, IRTHE 1 min, ITA SBR[ £ R £ FR-1E O e —
SPBE L1, 7/V/V)]4 ml, B HE 3 min, LA 1.37x10°xg .3 500
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r/min &0 5 min, B EIE W, T 40 CHEIR A LR IR
T, S A 200 wl 2 i, LA 1.61x10'x g, 12 000 r/min &> 5
min, B FIE 10 pl FEREE

2.1.4 HEMEEE EVLENT, EE SN HA
T 18 2 i 07 R R A i, LR B B[] 43 1 24 O 2.55.,3.62
min, I35 A PR P AN T H0RE S W I 28 , SR %
JEYER Y. LC-MS/MS FiE L 2.

210 1
& 2 3000
2140 K 2000
= 170 21000
g
0 1.5 3.0 45 0 1.5 3.0 45
t, min t, min
A B
1
2100

a 2

5]

21400

Z

2 700

g

PN -
0 1.5 3.0 4.5
t, min
C

B2 LC-MS/MS &%
A, 75 L ; BAS LI A3 5 DR v U (1,10 ng/mD) + A4
Vs CRR A IR+ N ARIAE 5 1.2 5 2. N AR
Fig 2 LC-MS/MS chromatograms
A. blank plasma; B. blank plasma + digoxin (1.10 ng/ml) + internal
standard; C. patient plasma sample + internal standar; 1. digoxin; 2. in-

ternal standard
2.1.5  ARAEMRZRRIZ bl e IR A R I &
FRUEFS RS 5, BT 10 mlUE Y, 2090 ZS 1 I 450 ul,
TP € 3 min, FiC 1 b /55 = 5T = Mk 32 43 531 O 0.05.,0.22.,0.55
1.10.,2.20,5.50,10.10 ng/ml [ MM HAE 4% “2.1.37 500 F Jrikkb
PRIG SRR AE S O A, LA R~ D T RS A
TR LA () PN A b b i o BT 3 () R AR ARk A T 2
B (R R 1x) , 45 [ 5 82 2 py=2.39x+0.084 2 (R*=
0.997 4,n=5). Z5HFRW], b= 1l 254K FEAE 0.05~10.10 ng/ml
JEE Lk O R R AT

B I 2, A 2 = R M VG £, T T b s
R MR R 0.05 ng/ml A ILSEAR b, 862, 137350y b
Jei, BEREA AT B 24 H ARE R R B AR . SRR 7E
FERE FBRUEE R, 127 i 00 W0 B AE BLSE MR 1 80 % ~ 120 %
JE [EI PN, RSD 24 10.40 % , W] 5 f2t 1l i =7 1 24 3 J3 1 R Wil 'y
2.1.6 ORE S MER IS A BN S AR s
HeJ¥ (0.11.1.10.8.80 ng/ml) A IM AR &, 4% 2.1.37 T | J5 {545
1, B U BE IS REAM T, L0 E 3 d, 38 24 H bRl Ze i3
S RERY ISR BE , 25 527 1 AR 8 B VR B . 45 R
%7 B9 H N L H ] RSD AR 2% (RE) 48 X HE Y <15%
T2 G RAT . K% i e 2 R 2R 2.
2.1.7  JEFUSON SERIR R e s (KIS i, A
SIE ARG L B v A (0.11,1.10,8.80 ng/ml) B I AE
Fe 2,137 T T 7 A, U BT 3 REAS A3 AT , A5 R i 1 Y
(A); [RIS, 422. 1.3 500 i A FZS (M35, AR B
Yt 2 S s M VR, (T 0 5 T VA AR X O, g BT F Ak
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R2 RBEEMARERRER(X+s,n=5)
Tab 2 Results of precision and accuracy tests(x+s,n=5)
HK AR ng/ml WARFRWRIE , ng/ml RSD,% RE,%

HA 0.11 0.10£0.01 6.98 —2.76
1.10 1.01£0.11 10.58 0.68
8.80 8.131+0.34 4.13 1.68
H il 0.11 0.10£0.01 7.18 —9.09
1.10 1.01£0.08 7.61 —8.18
8.80 8.08+0.35 4.38 —8.18

T3 FEA A A7, A5 AH R 06 T8 AL (B) o RUIK L A L JoT 2 VA
(0.11.,1.10.,8.80 ng/ml) b & F AR , B TR BE A 3 HEAC
A3HT ARFA NI T FL(C) o $EA K JEF A F (MF% ) =B/Cx
100% JA—AL LT N F (% ) =MF s54/MF 1515x 100% $EI 9]
(%) =A/Bx100% 1158 S5 EIR , & BRI RS K bR
L BT PR 43 501y 68.25% L 67.47% .64.16% 67.05% ,RSD<<
10% 5 45 JoT s W FEE AT b 1) A — Ak 25 53 [ 23 531 R 101.93%
100.64% .95.84% ,RSD<<10% ; £ 13t W FE A i 22 AR (R FE L
I a3 312 67.07 % \72.31% 69.41% 67.20% ,RSD<<10% .,
2.1.8  FUEMALe A HIECHRIS s BT B (0.11,1.10,
8.80 ng/ml) 1Y IMHEAE T, H R ILAE i E 8 h ¥ k- VR
3 —20 CHLE 7 dMFREE . S5 WIR, 25 Rtk B A
F Y RE N —6.24~—1.55, RSD<<10% , 7 B b /&5 5 MR
RS T RE
2.2 MEIA %
2.2.1 MEIAJEPRIERRZRGHEEST 44 Abbott Axsym System 42
3N Az Ak A3 A4S A A v 1 R B i) o8 P 106 B 44,
b S AR A R S AR 2 . 48 BIEL0.0.50,1.00
2.00,3.00,4.00 ng/ml FIARERIRGE 0t , A . S5 OR
PERT AT S Axsym System A b {2 ARt
2.2.2 MEIA LW a0 XK b s 0 6 ik (0.90,
1.90,3.20 ng/ml) % N AL Sl AT % 4% . S5 EOR T A S8
W 5 e B 34 A LU B RSE R 22 9, RE h 5.31% ~
12.22% . 2N E 25 R 3 3.
®3 EHNREH#ANELR

Tab 3 Determination results of the assay internal quality

control samples
TMABGEIRIE ng/ml SEIFERIE  ng/ml

FUELH , ng/ml RE,%

0.90 1.01 0.60~1.20 1222
1.90 2.08 1.43~2.38 9.47
3.20 3.37 2.50~3.90 5.31

30 3 I 5 T A S I ARG 36 O 4 ML T AT 2 W M
B TR PEAE i, X IR TSI A R, 25 SRR, TR S
W5 v I AE SRV I BT SR A AR TR I IR
KU 2SR RE H—10.94% ~14.29% . 25 (8] B PERE 5 ) 5 485
RIFE4,
2.3 LC-MS/MS ;%5 MEIA 3% Fi= b Il 45 R EL iR

BB 2 B e i B (4351124 0.50.,0.90,1.00,1.27.1.90,2.00
2.78.3.00.3.20.,3.94 ng/ml, ¥ 4w 5 1~10) iYL & 2 P b
Wil A5 I8 B, 43 3SR T MEIA 5 5 LC-MS/MSS 3l 7 |, A6 I 25 2
UL 3. >R SPSS 13.0 F A4t £ ot it Vi< J \ MEIA VA A6 I 45
T LC-MS/MS A6 I 25 T = 2 H50H 43 BRSO R, P<<
0.05 HZERAGI2EE L.

Hy P 3 0] L, LC-MS/MSS 2 F META 1 () S Joit 58 9 B
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F4 EBRITFERUESR"
Tab 4 Determination results of the assay external quality

control samples
FEfh B, ng/ml SEIUTERTE .ng/ml RE, % AV ng/ml PEMRESR

1 1.10 1.07 —273  0.88~1.32 bibu)
2 2.83 2.52 —10.94  226~3.40 bliikes
3 1.73 1.56 —9.83  1.38~2.08 Eliikuy
4 0.63 0.72 1429 0.43~0.83 biBui
5 2.17 2.03 —645  1.74~2.60 pliBu)
4.50
4.00
3.50
_ 3.004 —o— TTHERE AL
£ 250 - MEIA
< 2.001
S ol =~ LC-MS/MS 7%
1.00+
0.50
0

1 2 3 4}%5:.%6:- 778 9 10

3 LC-MS/MS %5 MEIAENEM S EREERNER

Fig 3 The results of digoxin control samples determined

by LC-MS/MS and MEIA

4 0.50~4.01,0.61~4.14 ng/ml., 5 FEEREN B AR EW)E

AH LY , MELA 346 0 25 S B & T OO R R B, 28 R Geit

B (P=0.01), LC-MS/MS 7545 45 5 15 T8 560 J5 32t e 2 1) )

Z R TG I E L (P=0.30) ; MEIA #: 5 LC-MS/MS 4

SO L, I 22 RIS R E L (P=0.15).

2.4 LC-MS/MS x5 MEIA ;% B3 5 RSN & R LS
PEFRFRBE 2013 4F42 52 1 5 S VR Y7 S AR S AR R B 1Ml 2%

Bl 50 61 (FE il 45 1~50) , 435112 F LC-MS/MS 2 Fl MEIA

Ve R 25 AL 0L I 4 SR T SPSS 13.0 4% 9 4 4l it

ATHCXT ¢ K565, P<<0.05 25 A Gi 245 o
8-

' [
1] |
;il’l’rlr"r":*l.'ﬂlHl.l't Ihl

1357 911131517 1921239527 293133 35 37 39414345 4749
P 4
El4 LC-MS/MSESMEIAZENESRE NS FEmMEERL
Z£R
Fig 4 The results of patient plasma samples determined
by LC-MS/MS and MEIA

& 4 7] L, LC-MS/MS 5 Al META s ) S ot B8 v B 43
B4 :0~7.51,0.36~7.54 ng/ml, F-HIE 43514 0.06.2.98 ng/ml,
e o ¢ 4G 36 235 S 4 %, META 35 00 72 45 3R &8 2% = T LC-MS/
MS ¥, 22 A i3 5 L (P<<0.01) . Hivh, MEIA B 46045
LR, e b e o ek BE (> 2.0 ng/ml) B R Il SRR St
130 141, 3 30 Pl i 45 LC-MS/MS 3£ 5E SR , & 14 BilRE
(45 22.24.25.27.31.33.34.36.38.40 .41 .46 .47 . 48) 1] 52
M <<0.8 ng/ml. 8 AT 1% 14 0 5 B AR B, % 31
LR b 5 = B R, 3X 5 LC-MS/MS i A5 ) 45 S —
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0, 1 5 META ¥ (R0 45 S AH 52 o 158 B META 3% 78 I 5@ i
1 2 I 24 Vi 8 I AT BB AE AE R 1R 25, T LC-MS/MS ¥ A )
S5 LT AF A RS2 B g 0, BEHIT A BT 3 T v 2 i 2 vk
JE B 5E

3 itig
b RS W 2 e R T R VIR G , 2 A

I 245 e B W R AR SR, FR T R o A AR 24 VR R A AT
(0.50~2.00 ng/mD)™, & KLALTE T o ARSI, PR G 2 3 2 B
SCHRTOTAE ST T I PR b 35 - I 245 W B2 I 2 19 LC-MS/MS 5 .
SRS T Ml v 2 A LT L T A B IR R <
70% ,{H 2 [ 2015 AR it b [ 245 M) Fe S T 5 Jo g by 3 2
SRS [ SR TR 25 A i 22 ) U — P35 5 PR ) 28 S A 15 % LA
PARITT o A3 Il S AIG  H  om JTA RBE I 2E  UE —f b Bk
J5E PR 4350 101.93%  100.64% 95.84% ,RSD<10% , f4&
2GR s HAGKE 37 19 LC-MS/MS £7E 0.05~10.10 ng/ml
024 4 3 0 PRl N R O R R, 8 it T B U B2 il S A it (0.05
ng/ml) ) RSD 7 10.40% ; H P . H [1] RSD<<15% ; $HL [l i %
g 67.07% ~72.31% ,RSD<<10% , ¥IFF 4 245 a2 0, v] F
e ARG 0 i 775 4 ) I 245 9 S, MIETA 3552 1) It s = 5
O S —PUA R SR —HU A e AR JS , A IE T, 7R3
KRR PRI E A5 5, AT 53 3 55 2 A R VR B . MEE-
TA R TT R Si/y  DUE RE e, B S AR &, T DAL R I
2 B N RS 38 SR FH A 22 7

A3 51 F LC-MS/MS 1 F MEIA 155 & 20198 J3 114 #b, 185
BUERE S IE T E o S5 R R, LC-MS/MS i i 5 25 2t
MEIA 1 20 T ELSR B (R BRI 25 5 2 [R] ) 25 52
TG ERE X (P>0.05) . SR, 50 fi] £ # i 2% FF it RS 25
SR, MEIA 325 A I 285 5 7 F LC-MS/MSS $E A I 25 51, Wi
(6] 922 5 45 Be 124 B L (P<<0.01) , Ji o F MEILA 46 I 24
HREE MR B (>2.0 ng/ml) (1 30 1] &8 5 1M 3% AF i, LC-MS/MS ¥
Tor 25 S A i 7R I rp 14 1 HE TR B2 (<<0.8 ng/ml) |, I IR
WE IR, X 14 BB F MR BLO AR H STl Kk A1)
REOR 25 rh IR, DB LC-MS/MS 356 I 25 5 5 H 3% 52 B s
B AT

P SCHRARAE , Hb = B g2 1 12 4 5T ( Digoxin-like immu-
noreactive substances, DLIS) 1] 5 4653 4341 s v i s g == B Ak
A8 UL, s g = 00 25 S R A A 1R 22 1 3 4 b vy
S I 245 35 WA R 3R R R R Al R IR . DLIS A& 4
PEFI PN EME: , SMIEPE DLIS >f A T 548 & 3697 29 i F+2 .
NS MBNER R I 5 T A B Y 45 1 b = a2
81, 7 LA 5 5 b 155 S P AR e A A8 SR T B A 5 P
DLIS J& Fh R A 7 A 14308 1 — o ELA T M R AR T P 1 /)N
Gy T T, S B A2 A N TR B T, T R S P Sh
A, B2 Na-K-ATP B, B 0 R DR 46 1
AR, MELA J5 i1 g% 3 vk Js 3, B W] RE A
£ DLIS 5597 J50 A9 T , {6l 1t 5 < X LA S B M o 6, 52 350K
N2 SR e o AR, LC-MS/MS ¥ 1] Fi €0 1% R A
B 438 72 FEBE T, REHERR DLIS (9 T3k , 5230 Hb 5 3 i M
St AL TR P 0 e s < L 24 VR AR R 2 Y
JRIRZ— BEAh, 5T R A LC-MS/MS 35 F META 150 5E Ji
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PG G RS 45 2R s, T TR) 22 SO0 F R SE i B (P>

0.05) , 33X ] B2 A A ST PR A ity 5 B LKA ot A7 R AR A X531

(U ST FEA it G DLIS TE5% ) , A5 7 ik AE I 42 i

A IS RICH] 25 5

25 FTIR , MEIA VAR G5 43 i) o b s - 1 245 9 JEE 1)

FAAE—E B FG , T BUR 22 1) 2R R IE A R E— B IE . A

W ITEE S A LC-MS/MS T A L SR PSR A2 Mk RAF Al

PR AR Al RTHE A AN 557 A A SR AR

5 T T PR 15 4 100 25 9 B M) K 25 Sl 5

S 3k
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