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Uncertainty Evaluation on Determination of Clopidogrel Active Metabolite Derivative in Human Plasma by
LC-MS/MS
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diatrics, Beijing Tiantan Hospital Affiliated to Capital Medical University, Beijing 100050, China; 3. College
of Chemicobiology and Pharmaceutical Science, Capital Medical University, Beijing 100069, China)

ABSTRACT OBIECTIVE: To evaluate the uncertainty of the determination of clopidogrel active metabolite derivative (CAMD)
in human plasma by LC-MS/MS. METHODS: The course of CAMD determination in human plasma by LC-MS/MS were analyzed
to evaluate the uncertainty caused by evaluate repeatability, weighing, standard solution preparation, biological sample prepara-
tion, recovery, instrument precision and calibration curve fitting in CAMD assay; the uncertainty were calculated and expanded.
RESULTS: The expanded uncertainty for low (0.107 ng/ml), medium (4.467 ng/ml) and high (155.667 ng/ml) levels of CAMD
were 0.0102 ng/ml, 0.188 ng/ml and 6.413 ng/ml, respectively (k=2,P=95% ). CONCLUSIONS: The uncertainty of the CAMD
determination in human plasma by LC-MS/MS at low concentration is mainly caused by calibration curve fitting; at medium and
high concentrations is mainly caused by biological sample preparation, extraction procedure, standard solution preparation and in-
strument precision.
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45 :4-MNZ-163-3) ; PIbx : EAS 75 2Ll O [ 8 i 25 i R
TH5EBE, 4% :99.8% ) ; LI . LB ial, K A iEaiK .
2 FHik
2.1 @iEfRREEY

14T : Kromasil Cis(50 mm x 2.1 mm, 5pm) ; 804 : &
i (A)-7K (B) (6 PRI : 0.5 min, 10% A; 1.5 min, 90% A; 3
min,90% A ;3.1 min,10%A;6 min, 10%A) ; #ERERE: 10 pl; kE
W37 C.

RIS S T SRR
22 ITER ARG S

TR AR B S L AS B5 15 R A AT 2 4 5 BEG 2.00 mg,
CREERZES ml AE R R B2 2.0 ml, A ZE 10 ml,
£310.0 pg/ml FIARE R SRR B (A VAV s BLA I 2.0 ml, 72
252 10 ml, 15 SO HU SO VA 5.0 ml, B 2 10 ml, 15 S8
W IS8 W 5.0 ml, B 10 ml, 15 ST; B STH W 2.0 ml, &
257 10 ml, 15 S6 75 ; BUS6 VAW 5.0 ml, A E 10 ml, 15 S5
W s BUSE VW 2.0 ml, B ZE 10 ml, 15 S4 VW ; B S4 75 5.0
ml, EZZE 10 ml, 15 S3VAR I S3 1A 2.0 ml, /EZ ZE 10 ml, 15
S2 VA ; B S2 ¥ 5.0 ml, EZE A 10 ml, 15 SR

VERIFRIUAHF 5.50 mg, BT 50 ml &, 445 110 pg/ml
NFRIT 2. BUN 453 0.5 ml, SE 2% E 50 ml, 15 1.1 pg/ml ER
TAEW.
2.3 X HR AR I 3% A R S R BT
2.3.1 XHEH MM 76 EP A T4 B R 0 BT R
FPIARVE 45 10 pl, DA ZS FIL3E 90 pl, iR BETR 2T, I 205
300 pl, 7€ 0.5 min, 12 000xg B> 2 min, e ] 8 2 510 %] BE
k47
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Fig 1 Uncertainty source
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3.2.1 REXHE MR SO A IR ARG (20 £ 2)C L IF

H CAMD 1 N A 2 2R [l I 0 7 1), pl I 0 o

AR NGO N R

3.2.2 ERVESHEMAHEE (HAREERT) # CAMD i

PERHEE 0.1 ng/ml(L) , K FE 5 ng/ml (M) FITG < 160 ng/ml

(HFER A (m=1) , B TATIE R (n=5) 45 R 3K 1,
M D1 ZE IR A ST SR AL A AR ME D 220 S (x) =

S [0, gt e
¥, 115545 8,(x,L)=0.001 13 ng/ml, S,(x,L)=0.003 67 ng/ml,

S;(x, L) =0.000 837 ng/ml, S, (x, L) =0.002 03 ng/ml, i% 20 IX
N P T B 2 -

S(x,L)= /§Sf(x,L)/m:0,002 21 ng/ml

PABEZE 5 NI (R AR - P (B s I R 45 51, MR 2 201
Y AE (9 b v D 22 0 = S (x0) =S (x, L)Wmn =0.002 214/4x5 =
0.000 495 ng/ml, IV 3 20 (35 {H X =0.107 ng/ml, WML 2
FRIAFRS A 0 B ANf 2 D
(1, L) =ua(x,L) = SG)/x1=0.000 495/0.107=0.004 62
xw=4.467 ng/ml, xy=155.667 ng/ml, [a] 75150 | =k
FOAFDS AR PRI AN S N
(1, M) =1t (x, M) =S (3w) /6w =0.002 94
(1, H) =ua(x,H) =5(x) /2 =0.003 00
F1 HEREENE20REHE(X£s,n=20)
Tab 1 The data of repeated determination of samples for 20
times(x+s,n=20)

i ng/ml 1 ,ng/ml ?ﬂZ,ng/ml 43, ng/ml 44 ,ng/ml
0.1 0.113£0.001 13 0.104£0.003 67 0.113£0.000 837 0.098 §+0.002 03
5 431410.0883 4.355+0.0503 4.64310.028 5 4.550+0.0515
160 143.084 +1.950 163.783 + 1.980 161.000 +2.121 151.800+2.280

3.2.3  RFFRiE CAMD K AR5 1A Al AN 6ff 0 B (FH B

HKIFERF) R ER LRI CAMD 2.00 mg il N F5 5.50

mg, WIFR 5 WA 2 R
ulm)=\/ 1 (m)+1(A) +i*(A)

o, RV EE A AR MR A SR
AHHEE R ulm) u(A)Fu(A,) . TR EZ R
ZE e EE MRS I E, AR FTE . u(A) Rl u(Ad)#B
Y5 oA A B R BEALAS 52k 58 a=0.5e, KA
T H e=0.01 mg, N

u(A)=a/k=0.5e/[3=0.5%0.01//3 =0.002 89 mg

B R FEE — iz, Hoa=a, W u(A) =adk=u(A)=
0.002 89 mg, AFHJEE G MARZEN , K AIFRAEARTE RN «

u.(m)=\/ 1*(A) +1*(A) = 0.004 08 mg

A B FE MR IR, CAMD (my ) R NFR (m. ) BYFR AR XS
BRI S A 2 B3 1R -

() =u.(m)/m;=0.000 408/2.00=0.002 04

a(my) =u.(m)/mz=0.000 408/5.50=0.000 742

FER A AL R 5 RS A A 8 R AT, TR 4 5 | 7k ) A
XA I S AN 2 3

1a(2) =\ e (m) +u'a(m:) =0.002 17
3.2.4  XF HE ARV TRCIC 1 5 1A PRI AN B (T B 2SR e
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) (DS AR A e B I8 A e (VB) M
&4 5.10.,50 ml, Hige K f 254 £ 0.01 ml, +0.02 ml Hl + 0.05
ml. &= AL G R F6 |, AR BRI A N

1 (VBs ) =a/(kx) =0.010/(J6 x5) =0.000 817

ta(VBiom) =a/(kx) =0.020/(/6 x10) =0.000 817

1 (VBsom) =a/(kx) =0.050/(/6 x50) =0.000 408

(2) WL 5B Ao B e T A G0 4
(VT)#0.5.2.5 ml, Hig K A2 55%0°4 £ 0.005 ml, £0.012 ml
M +0.025 ml, 4% = TG0, AL 6, WA v )
AR :

e (VTosm) =a/(kx) =0.005/([6 x0.5) =0.004 08

(V) =a/(kx) =0.012/(/6 x2) =0.002 45

(V) =a/(kx) =0.025/(/6 x5) =0.002 04

(3) RS 5 | 8 At 2 < 36 o P RS Wt A Ep-
pendorf B #i %% , %1524 2~20 ul(P,) .20~200 ul(P,) Fl 100~
1000 pl(Py) , HAHXF 5 K AR 2E43 00 + 1.2% . + 1.0% 1 +
1.0% . FE=AIEAA0 A& R F k=6, WA X Fx eI T A
FEFER

ua(P) =a/(kx) =0.01xx/(kx) =0.01/k=0.004 90

1 (Py) =ay/(kx) =0.006xx/(kx) =0.006/k=0.004 08

e (Py) =ay/(kx) =0.006xx/(kx) =0.006/k=0.004 08

(4) T HE VT 1) 5 ) A P ) A A8 o B« o) R R o
2 0 105 (LG 25 W EL ) 4 5 ml 5 17K, 10 ml
10 YK, 2 ml W 45 5 UK, 5 ml W) ot 45 5 UK 5 TE il P9 AR5 A 50
ml I 2 YK, 0.5 ml W 4 1R . UV Y il Bsf CAMD A Bk
(IS) A A B v S A 2 A

(3, CAMD) =\/ 1ty (VBy ) 100 (VB 517 (V T} 500 (VT )

=1/ (0.000 817+10x0.000 8175x0.002 45+5<0.002 04)
=0.007 63
urel(3 IS ) :v uzm(VTo.s ml)+2u2rel(VB50 ml)
=1/ (0.004 08+2x0.000 408*) =0.004 12
Ua(3) =\/ 1/%(3,CAMD) +1/(3,IS)
=/ (0.007 63+0.004 12*) =0.008 67
(5) B il b5 v B 250 i (ST) ST #EAE  (QC) B 5 A
TN E E (F B2SPEERE 7 ) « BEilil ST A1 QC Bt AL i #% K
VOB R 220 pl 2 ¢ .20~200 wl 1 AT 100~1 000 pl 1 7K.
P ST Hs A A XS s v O AN 5 B A
Ua(4,ST) =ua(4,QC) =\ 2 %u P +1s' PP +1d' Py
ua(4) =\ 1’0 (4,ST)+1’(4,QC)
=1/ 2x(2x0.004 90*+0.004 08-+0.004 08*) =0.012 8
3.2.5 W-MAEBGI (A BIEERF)  BIER(RE) JE#
Bod s | AR E B EEE R BeHE P s
AR, TRVISE ) 2 1 TC T 5 e A ) A i [T e 28hy Joi
FE A N BE TS S R I TR AR BY , AR P TAN5 v, B0 L 3R
2. ISR A AR FRAE A E N

(5,L)=uu(RE,L) SD 0760 0.003 12
Urel 5 = Ue 5 = = =0U.
: : RE%. 1 109.000x/5

SDy, 2.620

5,M)=uu(RE,M)= = =00110

(5, M) Z s )= RE%ul 7 106.680%/5

SD 2.470
(5, H) =u.(RE,H)= ! =0.010 2

RE%w/n  107.770%/5
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F2 CAMDHIREEYE (X+5,n=5)
Tab 2 Extraction recovery of CAMD (x+s,n=5)

W ng/ml RBUREEAL SRR P IR, %
0.1(L) 45774389 42004367 109.000 £ 0.760
5(M) 16291443 791 152723 +1 503 106.680 £ 2.620

160(H) 5053000+ 187340  4687620+79475  107.770+2.470

3.2.6 AXEREALGI AWM SN E R BT AB
QTRAP 5500, ¥ 1 5,3 4% 7 Shimadzu LC-20AD, JF 1A &
M5 R 251 1% , AR EESORAE (5 R 25 0 1% , #53495)
S TS A A A X A v AN S S

ua(6) =\ 1 AR = (0.014/3)™+(0.01//3)*

=0.008 17
3.2.7  ERMERIA A ST AN AN E R (H B 28 E
JF) MR 9 AR EE (A S, I, AR CAMD W TR
ARG TR B FUARL (L3 3) 5 CAMD ¥k & EA TR ME LA AR
BT L, 15 5] 4 F b e 2%, RS FNIRIE UL 2 45 FHELA 1
B 2k S R B IR ) CAMD YR B, TR L3R 5.
%3 CAMD 5RH#RIEEFRLL

Tab 3 Peak area ratio of CAMD with the internal standard
MBS MR ng/ml kL k2 k3 itk 4

S1 0.05 0.001 07 0.001 18  0.000 858  0.000 788
S2 0.1 0.001 66 0.001 71 0.001 66  0.001 52
S3 0.5 0.007 28 0.008 57 0.00709  0.006 80
S4 1.0 0.014 1 0.0157 0.013 5 0.0120
S5 5 0.066 1 0.076 6 0.0570 0.058 9
S6 10 0.131 0.148 0.137 0.117

S7 50 0.646 0.712 0.676 0.572

S8 100 1.29 1.43 1.37 1.13

S9 200 2.70 2.71 2.72 2.26

T4 BUAEHZHSH

Tab 4 Parameters of fitted calibration curves

K5 AR i

2k 1 0.0132 0.000 400
i<k 2 0.014 8 0.000 312
ik 3 0.013 4 0.000 218
k4 0.011 8 0.000 231
x 0.013 3 0.000 290

#®56 AMAHLITEHESA R &AM E AR E (ng/ml)
Tab 5 The plasma concentration of substance control calcu-

lated by fitted curves(ng/ml)
NG W ng/ml R fiizk 2 ik 3 k4

S1 0.05 0.050 8 0.058 4 0.047 8 0.0472
S2 0.1 0.095 5 0.094 5 0.108 0.109
S3 0.5 0.521 0.558 0.513 0.557
S4 1.0 1.04 1.04 0.991 0.997
S5 5 4.98 5.16 4.24 4.97
S6 10 9.89 9.98 10.20 9.90
S7 50 48.9 48.1 50.4 48.5

S8 100 91.7 96.6 102.2 95.7

S9 200 204.5 187.1 203.0 191.5

Xof JE i 2 A AR B T A T BN 4R m=4 5 B
M 9 RS, n=9; N A 52 b o 1L 38 VTG B IR B, N=
m x n=36, M 36 UK 5 hrill e A vf M2 P 5L (j=1,2, 3+
N) ;i R BRVE TR T 50 @ AR E B 2R O RER 5 b, A bR e
M2 A TR 5 x S 9 B o I e B I, x=40.739;
xR BRI T TR B TR
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30— (ax b)Y
N—2
BT 2 s Ser= 3, (x—%)'= 145 675.524
MG P SR AR A 45 20 Uk, P=20, 1T A5 513
YA e B8 3 53 o % =0.107 ng/ml, xy=4.466 ng/ml . xy=155.667
ng/ml,a=0.0133, U” U BAR DN AN B o A

FRATHIEZE R . S= =0.000 209

S 1 —
u(xL)— (XL *)
~0.000 209 — 2
_ L L (0.107—40.739) 0,004 69
0.0133 | 20 36 145 675.524
S 1 —
ulem) == |—+— (x x)
P N
0.000 209 466— 40, 2
_ L+L (4.466—40.739)° _ 01 6o
0.0133 20 36 145 675.524
(o) = 1+ +(xH x)?
ulx,
! P N S
_ 0000209 | 1 1  (155.667—40.739)°
0.0133 |20 36 145 675.524
=0.006 45
D) s i 2R AL T AR X R TN S AN o O
(7, L) =1t (x) = u(n) =0.001 40/0.107=0.043 8
XL
M(XM)
(T, M) =140 (xn) =———=0.009 29/4.467=0.001 04
Xm
um.(7,H)=um.(xH)=”(f“) =0.752/155.667=0.000 041 4
XH

3.2.8 O RE S A EE AR ORI ST VS ARSI AN e FE X
W AR SR AN B, U B, B IA RN E &, B
BRI IR A, R RE S AN ST B AN i 0
A Z WA
4 FRENERHEENEREY E
4.1 WRENETRHEENEH

A AN R BE AL A T 25 A X A TR e A
A

e = 2 (D)2 2) 12 (3)+uula(4) 1l (5)+uls(6)+ua(T)

D] CAMD JEAa R i R G B AR v s AN o S 43 ) A «

e L) =\ 0,004 62°40.002 170,008 670,012 840,003 1240.008 170,043 8°

=0.0475
e (M) =\ 0,002 94°40.002 1740008 67-+0.012 840,011 0°+0.008 170,001 04°
=0.0210
e CH) =1/ 0003 00°40,002 170,008 670,012 80,010 2°+0.008 17:+0.000 041 4
=0.020 6

CAMD JF R i 22 1) -G B v 0 A B 2 43 310 A

(L) =u..a(L)xx,=0.047 5x0.107=0.005 08

(M) =ue.a(M) *xxy=0.021 0x4.467=0.093 8

u(H) =u...a(H) xx3=0.020 6x155.667=23.207
4.2 tRENETHEENT B

JAE S PEE e B k=2, LI B 1 B SR P=95% ,
FRENY AN 2 451 R -

U.=kxu(L)=0.010 2

BT
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Uv=hkxu.(M)=0.188

Us=kxu(H)=6.413
5 MELERNFRT

M CAMDAR e 8 o428 il 78 25 SR AE k=2 (P=
95% ) B ] DL 43 ) £ 7% 4 (0.107 + 0.010 2) ng/ml, (4.467 +
0.188)ng/ml F1(155.667 + 6.413 )ng/ml,
6 ITit

AT G R (1 2 A A i R LA AT 2, W BN
L HE E N AN SCRR[5—6 4508 , HASH & B R AL e
DA k=2, P=95% ) . AT 58 AR v iy 28 ¥k 12 915 L3 K
(0.05~200 ng/ml) , bl HhZE LI A2 R XTIk 2 AN
FETTBRAR TS , 8 A T%F v v vl B A BTk, AT st o il ke e 1
B XA I A I AR DG o X b | e VR BN R
SN AE I Ry A A S B TR A X IR A VR o A S
K (LA 2)

u(T) I AUA

(6) 1 L

e u,(5) IR = -
a o
B wOEnR R "
B3

=

KRR
u(2) PR

u (1)

0 00l 002 003 004 0.05
AN RE BEAH
E2 THMEESENFRITERE
Fig 2 The statistical histograms of uncertainty components
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