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Uncertainty Evaluation for the Determination of Zidovudine Concentration in Human Plasma by LC-MS/MS

CAO Guo-ying', QI Wen-yuan', ZHANG Shuai"*, SHI Ai-xin', HU Xin'(1. Dept. of Pharmacy, Beijing Hospital,
Ministry of Public Health/Beijing Key Laboratory of “Drug Risk Evaluation and Personalized Medication”, Bei-
jing 100730, China; 2. College of Pharmacy, Peking University Health Science Center, Beijing 100091, China)

ABSTRACT OBIJECTIVE: To evaluate the uncertainty of the determination of zidovudine concentration in human plasma by
LC-MS/MS. METHODS: The various factors influencing the uncertainty in the whole process of determination, including preci-
sion, weighing, solution preparation, plasma containing drug preparation, plasma extraction, the apparatus and calibration curves
fitting, were all analyzed and estimated. The uncertainty and synthetic uncertainty of each variable were calculated. The expanded
uncertainty was analyzed with all the components. RESULTS: When the confidence probability P=95% , the expanded uncertainty
for low, medium and high (25, 200, 750 ng/ml) concentration of zidovudine were 8.54, 17.69, 81.87 ng/ml, respectively. CON-
CLUSIONS: This method is suitable for the uncertainty evaluation for the determination of zidovudine concentration in human plas-
ma by LC-MS/MS, and provides reference for uncertainty evaluation of complex biological matrix analysis.
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AN A8 JEE S FRAE G S R T e 0 o 2 AR A H M, 2
D S5 AR R IS B ST RN SSRGS i AN o e
2%, RS o A o A 1) 5 2, R S IRAG I Kt 6] B HL A i
AHERAD NG . 52 RE RPN, TSGR L
55 3L WEIRAT R M 256 i B e i 2 (HIV ) B JR 35 1R
IT o ASSCUH-FR B (LC-MS/MS ) 3 22 A I rh 55 22 K
WP AN S BE AT T VRN R0 T S R R R T b 2 ik
JEEI R AN S BE I T 1
1
1.1 &8

Waters Quattro Premier LC-MS/MS {¥ (3¢ [#] Waters /A 7] )
Masslynx 4.0 4 4b ¥ 2 4% (35 [5] Waters 23 1] ) s VORTEX-5 it
JRETR e G 1T bR DL R ASGRR il 254 FR 22 #] ) s Thermo SOR-
VAIL 5 3 2 0 HL (36 [# Thermo 23 7], #.024% : 85 mm) ;
XP205 43 M1 K- (F - Mettler-Toledo 2 ] ; # A # vk A8 ( 5 [
Thermo /A ] ) ; Thermo Scientific SPD2010 A 2.0 M 4 R 55 -
1.2 ZmEiLH

T2 5 Xof B (e [ 24 i AR 0 ] A S Bt L L5
100672-200401, 4% : 98 % ) ; AR « K% 1] HL R X B ity (- 98 i 25
75 :9801003, it :99.7% ) 5 HRE iR e R (i 4l B 4l
7K (18.2 MQ-cm, 25 C) i Milli-Q®A 10 Synthesis Zli k. 2 % (3%
[ Millipore 23 7 ) il £ 5 5 225 F 8RR A\ 25 11 M 2% b
SUE N MR O Sz I S
2 FriE
2.1 BigRREEHE

{354 : Symmetry Cis(100 mmx2.1mm, 3.5 pum) ; i shAH :
4 mmol/L MBS IREE (A)-F IR (B) , BREE DRI RE 7 W35 15 H shilk
FEERTRIE 14 C.

FR1 BB ERER
Tab 1 The mobile phase of zidovudine

I [A] , min A, % B, % it , ml/min
0 90 10

1.0 90 10

1.2 0 100 04

45 0 100

4.8 90 10

6.0 90 10

HLIBE 55 B0 U5 (EST) , 1 25 TR R I, B A4 HL 2 3.0
KV, HEFLA 20 V3 JEIREE 120 °C 3 VA7 SR : 450 °C ;B
FIS A 500 L/hs #EFLS I E 50 Lih; 52 KE 5 N5
MR A ARG 25 7 X6 43 5011 = m/z 268.1/126.8 (HEFLHLIE 22 V) Fl
m/z 446.2/321. 1 (HEFLHLIE 20 V) .
2.2 BiEEH
2.2.1  FFERERME TR ERAFRE ST 22 K 6 4T B8 5 10.0
mg, BT 50 ml 5, L 50 % F B i [ R -k (L1, V7)) T
IR B E A B LI, 195 200 pg/ml 1955 2 K EARMELI .
K 28 WG 22 J e AR HERE L 400 pl, B F 1.5 ml EP &, IMA
50% F BEIAT K 400 pl #8 , Ly 100 pg/ml 1955 2 ¢ 2 b it
TAEW (Sw) 8- T 4 COKAIE
2.2.2 PABRAS SRR M AR - YA BR EURS 51 Ik 1 Xof B
10.0 mg, B T 50 ml fE i, AT B 0, 7571 50 % P B
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WO R A2 25 2218, 15 200 pg/ml (14 AR B 5 75 50 % Y
ORI 80 ng/ml INFRIER, 47T 4 “CUkRi .
2.2.3  FFEREFAERA MEFIFRIGT 2 K E X I A 10.0 mg,
BT 50 ml R, PL 50 % H I A R A RS A B2
7331 200 pg/ml 955 2 & FAm BHE . S B IGY 2 K i
BEWE 300 ul, & F EP A, LA 50% BV U 500 pl A 4, T
24 75 pg/ml 155 22 F 5 s TARR (Qw) .
2.2.4 MRS 2 A4 1 4 - 5% 22 0 I e il 4 ) o ok
e BEYE R 10~1 000 ng/ml (Bl i 2 2) .

R2 FEREMIRIRME LB REH TTE
Tab 2 The preparation of calibration curves of zidovudine

plasma samples

- . AWK, BR RERE, AR,
i g HRRL ST IR HAE
1 Sw 15 1485 S8 1.000 615
2 S8 375 125 N 750 500
3 S8 300 300 S6 500 550
4 S8 150 450 S5 250 550
5 S8 60 540 S4 100 500
6 S6 50 450 S3 50 500
7 S5 50 450 S2 25 500
8 S4 50 450 N 10 500

2.25  FFEIGE MK TTHERE i 14 < 552 I € MK TR
AT 25,200,750 ng/ml (HAARR I ik 4 3)

R3 FERERIERENBRBAE
Tab 3 Dilution method of zidovudine quality control solution

AR E BURARL, wl 253, wl WA W ng/ml FIAEE, pl

1 Qw 10 990 Q 750 760
2 Q3 240 660 Q 200 760
I Q 100 700 Ql 25 800

2.3 IMEHFRTLE

R - ZE U5 VR R AREAS AT A FE . 1.5 ml B0
FR YA AEAS 100 pl PIFRIE I (80 ng/m1)50 pl Al 2, 1R
SR 1 ml, W TENRZ 80 K (i diR) )&, #5.0> (13 000 r/min)5
min, B35 900 pl, Jd e 45 (60 °C)50 min 5 # T, 5% F
19 50 % BRI T 200 wl 5275, IATETR 2] 2 min, 2.0 (13 000 1/
min)5 min, WH 35K 100 pl %88 AR
24 HERENS5ITHE

K H LC-MS/MS i TRE S I E , IR 2 RERF 5
U6 THITE 5 PR A i 7 (740 T L =2 B o A6 it Ve BE Vs o T 288,
/NSRRI TR LA o TR S TRIRE A ik )
P L A5 5 I T RS N AR5 5 1 W TR AR 2 LA AR HE
LIRS BTSSR EE B

—R—B,
B,

Forh RO S5 2 RGE (G S IE RIS NFAE SIERILZ 1L, B,
LY S e WSl ES T
3 &R
3.1 MEAHEERKERES

AW REAS eh 2 i A SR AL AT « (1) bR ML 3K B4 i 45 < 3
— IR R TARMR A 8 A S SRR, b T AR
F1 8] 32 I 6 YR ) 2 ) DR 38 B4 0] IR i 208 L IR Fn 22 0
Pt ) R Gt Bl i RO DR 3R M S AR e 22) 19
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FEMA I ZS RN N BR 52 B R 4 FL 28 7200 5 (2) R L 142
2 5 T [N )5 (3) AR A 5 (4) hmdfiE 2 U455 ()
A 3k S R i g — > DN 3R RS R A AR A
M), R HE AR AN S FEE PR G TR
32 BHERHTEENSHFIEE
3.2.1  AZORHAE BEPEAE [u(1)]: H 2 A 00 CRS 255 ) 5 LAY
A2 BE R T ASANHAE BE o 4672, 2.47 T 5 1 A I e i 10
25.50.100,200.,500,750 .1 000 ng/ml FFR AL , B i 200
ng/ml K& 5 5 4y (n=5) , $& “2.37 Tl Jr v 4b FU IS RE , E 4T
LC-MS/MS I ZE o BEAF 5 55 AR B EE (R) XA i 19 vk J32
(o) FATEME I, A5 BIhREN T B2 RS 5 S R AR S
ARG & BT AR 2 U AR M I 4207 B2 L 714345 31 200 ng/
mlFE i B S BT v . — L E R AT 34 (n=5) IXFE AT
I AR L 4,

F4 FEEAEEENERERELHE

Tab 4 Repeated measurement concentration data of zidovu-

dine

4L FUERE ng/ml || F24 FREHE ng/ml | |H34 FERE ng/ml
Xi 202.3 X 202.3 X3 172.0

Xi 197.1 Xn 202.2 X3 209.5

Xis 175.1 X 191.9 X3 187.6

Xis 191.0 X 195.7 X4 179.1

Xis 197.7 Xos 198.7 X35 199.0

X 192.64 X 198.16 X3 189.44

A NFEIR AT FFREAG 22

s(0)= | 229" 10,94 ng/ml
m(n—1)
ONECHE SR AU, n R A A I B (ARG =

3,n=5); k ML V470 B (1, 2, -
2, ,m)
PIFEA 5 AMEASE Y 25 I 45 5% DS S5 (6 A b o g

ZH:
=" % ("> L; 2L s 82
mUiIJIIJEé*%E’yFHXﬁT(ET T S
S,(x,mid) _ 2.82
Yom 19341
[RIAREAY 5 5 (25 ng/ml) | 785 (750 ng/ml) J5 e RE 1)
ARSI AR HEASG 2 FE A -

on) L AL,

u,(1,mid) =u,(x,mid) =

=0.015

(1 low) =3EloW) g 1
xTulal
(1 ,high)zs"(’%ﬂ:o.m
Total

3.2.2 BIEAHHE I (1) X B S FR &5 AR A E BE [
(2)7: SRR ki, R R BHORE Y A A A1 s 2 T LA 22 %
At MR EUES BT T K1 e=0.1 mg, #4395 5) %
I8, KA AR R 2200 -

u(A,Nonlinear) =

KB hHEAE N —
AR R

WANEZ , Heao=a, MR- A ZhIH %5
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u(A,Zeroing) =aks=0.029 mg.
AN IEEE VR ER, TV IR AT 2 R
u.(m) ZVMZ(A ,Nonlinear)+u’( A, Zeroing )
=\ 0.029*+0.029° =0.041 mg.
PR 55 22 9 RN BR 1Y BT 51924 10.0 mg, A% JE & 1
TR 22 B, FR i 57 22 98 a8 19 AU bR R 1 2 BE O . (my) =

”“fnﬁ =00 —0.004 1. Ak P BRI BR RO
(my) =2 fnm) %zo.om 1Cm TBRUE S35 2 F R & m
TR

FRie 5 R A A G BR AN 1 8

1 (2) =/t (my) +u?(m.) =\ 0.004 1:+0.004 1* =0.005 8

(2) T b v V28 0 A0 16025 s o R 2R B 5 1A PO AS 1 5 B e,
(3)7]: Be 48 W B M 50 ml 20, Hog K iR &l +
0.05 ml, #%345143 41 , SHfi (Volumetric flask, VF) {6 b v
ANWRE SR -

u(x, VF)*

0.05
k& [3x50
e bR AT F BB B a4 Transferpette®S T+
Sl CIH RS WA (Brands, F8 ) 4% R HENE AR SR &
TR ELE 100~1 000 pl MRS IR A5 (1 e K AT 25 £0.6% ,
RV L 10~100 pl (RS AR B B R SRR 2E 0 +0.6% ,
ARV FEE 2~20 pl RS IR A Y B R VTR 250 £0.8% . M
TIREEXT B G s AR R /N, AT, #2851 50 10 , BB
#% (Pipet, P) A X AREAS O 22 B -

=0.000 58

. 0.006xx _ 0.006 _ 0.006 _

u,(x, P, )7kx\ e - & 3 0.003 5
_a _0.006xx _0.006 _ 0.006 _
u,(x,Ps) e = . 3 0.003 5

a; 0.008xx 0.008  0.008
u(xP)—]m = - & 3 0.004 6

AN R G MRS IR B BT, BRI S A
R AT 2 N
1(3)=\/3+u2(x , VF) +15+u(x P, ) 5+ 4 (x . P.) 434 (x , P,)
=1/3x0.000 58°+15x0.003 5°+5x0.003 5°+3 x0.004 6
=0.018
(3) ML AE SR B RS T AR 2 B [u,(4)]: 25,200,
750 ng/ml [ M5 FTHAEA , BEFIREAR BNV B 4% 6 ), $i62.37
TGy A B AR A5 B0 TR C; 53 BL6 3k TN
AMKIYZS L3 GE B 452,37 W0 A S N A SF £ K E bR
W T AR RGE 553 BIC ) AL 25 . 200, 750 ng/ml FREAS I 1E
FE A4S B AR R B, THERL 7 2 5% 8 RN AR FE M SAE A e i
FRINAN FE = C/Bx100% , 45 F WK 5.
[ IS R R AR AN 7

~ SDy __7.01
u,(4,low)=u.(R,low) = 7ler 65LaE 0.033
SDia 7.01

u,(4,mid) =u,(R,mid) _?_W_O .037
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#56 REEKMRINILER (n=06)

Tab 5 Results of extraction recovery(n==6)

RT BHEREBLZNSH

Tab 7 The parameters of fitted calibration curves

HLERTE C B BRIREICR, SPERICR, bR (SD)
ng/ml (n=6 n=6 % % %
611.2 620.7 98.47
592.4 734.5 80.65
25 550.7 660.5 83.38 86.51 7.01
626.6 702.0 89.26
607.3 691.3 87.85
558.5 702.7 79.48

4497 5225 86.07
4447 5614 79.21
200 4114 5959 69.04 76.47 7.01
4350 6363 68.36
4568 6100 74.89
4 686 5769 81.23
15516 23454 06.16
18554 20907 88.75
750 17271 23195 74.46 78.28 9.38
19407 22612 85.83
18135 21420 84.66
14067 20144 69.83

SDuign 9.38
Rh,ghf 78.28x/6

(4)HPLC A I 5 5 | A B A 5E B [, (5)]: lﬂ“ﬁiﬁuﬂﬂ
Jit A %% 4 Waters Quattro Premier LC-MS/MS ( 32 [E Waters 2
F)), HE R R AL 220 1% , 485957 53 A, AR AN 0 B
A

u,(4,high) =u.(R,high) = . ==0.049

1
u,.(5>—100%—0.0058

(B FE AN SIS AR B ANBA 2 S« R TR S
SRR (PR M) IRA B FH IR EIRA 2 min, R th &R
i AN S AT SR AN A EARVN, T Z AT T

(6) LI RS A AT E JEE [1,(6) ] : LEPIRE A 24547
W B B Se s it M 4R SR bR it Ze i A3 2R A
R MR L . TR AR R P LS (8T B — i, Il A A
ST R AR AR SR B OCE B, Bl 1 000,750,500,
250,100,50.,25,10 ng/ml {45 MLHEAE &, SR TS R, 454
WePEDI L 4 vk, FEIAS 32 XHE (W3 6) . FAAPRAEM S R
S-SR o A e 8 DA I R /> 3Rk R AT S 10, A A i
2R R, BRI DL 7, FR ot i 2 45 0 v 1 s I
3RS,

*6 FERESNIRIEERILE (n=3)

Tab 6 Peak area ratio of zidovudine and internal standard

(n=3)
§ R=A/4

W ,ng/ml 1 ) 3 4 B
10 0.024 0.056 0.022 0.016 0.030
25 0.066 0.143 0.071 0.039 0.080
50 0.12 0.281 0.141 0.083 0.156
100 0.186 0.540 0.195 0.17 0.273
250 0.581 1.436 0.572 0.413 0.751
500 1.068 2.868 1.209 0.883 1.507
750 1.855 4225 1.863 1.128 2.268
1000 2.528 5.589 2.588 1.727 3.108
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75 R a b
1 0.002 50 -0.0355
2 0.005 60 0.007 8
3 0.002 60 -0.026 2
4 0.001 70 ~0.001 4
B 0.003 10 -0.013 83

*8 EMEMREMRNRERE

Tab 8 Measured plasma concentrations of each standard

sample
BRI, S BRI ng/ml

ng/ml 1 2 3 4
10 9.8 10.0 8.9 9.9
25 272 253 284 23.6
50 49.9 49.8 55.8 50.2
100 712 96.0 712 102.0
250 2415 254.9 226.0 248.1
500 444.1 509.4 477.0 529.8
750 771.1 750.3 734.5 676.9
1 000 1050.8 992.6 1 020.6 1036

8AMbRUEMIEHE P i=1.2.3.4.5.6.7.8(m=8) ; T3
WEMLAR I 4 A j=1.2.3 4(n=4).
BRADRUENw 220 -
Jlgl[yj—(anxﬂ-bn)]2
e
AAHKIT 2N
Z(x, x)'=4051 133.34,

ARG RE T 25,200,750 ng/ml B I3 AR 545 15 U, 15
)5 359 J5T 2 MR B A3 50 K X = 24.46 ng/ml, Xoie=193.41 ng/ml,
Xoin=T47.81 ng/ml, HARHEAHAE 550 ¢
S 1,1 Gin—xw)’

=0.036 7

0.036 7

u,(x,low):g TN S =003 "
— 2
11, (2446-335625)° _, .0
15 32 405 133.34
_E 1.1, Gue—oa)’ _0.0367
v P N s. 00031
JL+L+ (193.41—335.625)° _, 1o o
15 32 405 133.34
1 (o)’ __0.036 7
v e =g JP+N+ S. 00031
11 (T47.81-335.625) _, 1oc
15 32 405 133.34

Uu\é&(N—an 8x4= 32) J%Juﬂ'mﬁ(ﬁm%ﬁf?éﬂzu—
2.3-N) ,J 57 RIal i IR vE R AP 8(i=1.2.3.4.5.6.7.
8) -ﬁaﬁéﬂq@@ﬂ" 8 A I AT it ok 2 A V- 2L 5 X 9 m =8>
VR U L3R e B2 1 ST 2400 e Ry B A R RS 0 A o I 3 ) S
{J!'J(‘f?x;anj‘?2E1‘/T(EE|E?£E"J§4$;I),,Wéﬂ*m{ﬁﬂﬂéiﬂ"]ﬂiﬁﬁo
DA AR AN 22 B 53 2

u(x,low)
:ur(xlow R —

u,(6,low) =4.129 8/24.46=0.168 8

Xlow
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i u(x,mid)
1,(6,mid) =u,(x) =———=3.795 8/193.41=0.019 6
Xmid
u(x,high)

u, (6, high) =u, (xye) = =4.425 0/747.81=

Xhigh
0.0059
33 ARABEENTE
56 2 9 R SRR BRI AT 2 1
e =N (1) 4 (2) 12 (3) +u2(4) +142 (5) +12(6)
TAFF 2 IR P 8 R B 12 TR YA Bl 2 43 9

Ue.r.low

:v0.015g+0.005 8°+0.018°+0.033°+0.005 8°+0.168 8
=0.174 6

Ue,rmid

:v0.0152+0.005 8°4+0.018°+0.037*+0.005 8°+0.019 6°
=0.0457

Ue,r,high

=1/0.0137+0.005 8+0.018°+0.049°+0.005 8'+0.005 9*

=0.0547

Fr 2 RAEME P R EE I AR HEAS E N -

Uesow = Ue rion* X =0.174 6x24.46=4.271 ng/ml

Uemia = e mia*Xmia=0.045 7x193.41=8.843 ng/ml

Ueigh = Ue.r nia*Xien = 0.054 Tx747.81=40.934 ng/ml
34 T RAHEEMNTE

B k=2, WX 7 1 B A R 3 R 95.45 % , 5520 R vk B2 )
SEMY A EE N -

Uiow = kXt 10w =2x4.271=8.54 ng/ml

Unnia= kXt mg=2%8.843=17.69 ng/ml

Unian = kXt iy =2x40.934 =81 .87 ng/ml
35 MEHERKIFT

NI A 55 22 AR H R B 0 e 25 21 m] 43 Sl R
7 (24.46 + 8.54) . (193.41 + 17.69) , (747.81 + 81.87) ng/ml.
k=2(P=95%).
4 itig

iz BA I 0 I 32 A -3 AT B8 A e R, B0 MK A i
il £ FE S PRI AR E R 2R R LA AR R A
IS E FE R TR . AR H S8 R F il i A
PEOR B ) PR 0 IS, ORI TR IR - TR AR TRl i e Y
Al RIS . IR A WA T GREE 61
TEE ), B35 2 5% 28 FH PN 2 26 A [RRLRE TR Bl R0l 22 | okt
JEE X T B R T 5 M 2 R 5 R T AR o ORI 2 3
TSRS FRUE R AE A B T S0 A3 TR 5T, & 2 SR S A
/N B I R 3 2% 38 /1R 6 2 min, BT L Eh 2 24 AR SR 24
SIVEARVIN e SR AN 22 BEAR /N, BT LAEAS SOt e 20

RRHE TG A AN 2 3 A3, 22 1) L0 45 AN 2 B 1

MgEHEIT R CWLIE 1), PP S PN E A

. (1,53 )
H (2, B
P (3, VI ) )
g w (4, (AR ) p—
< ul(5,LC-MS/MSHHLL) -

u (6, ZRAEITT) . . . . . . . . .

0 002 004 006 008 0.1 012 0.14 0.16 0.18
ANHf5E A L 25 ng/ml

) u(1 G
ﬂi w2, Fiht)
= u (3, VL))
g u (4, i ) —
}2 u,(5,LC-MS/MS £kl )

u, (6, 2 1)

0 0.1 0.2 0.3 0.4 0.5
AW FEAT, 200 ng/ml

. u,(l.i{%%%f{)_
o (2, P
PN (3, VT ] ) e—
g (4, IR )
Z (5, LC-MS/MS HEALI ) prmmmn

1,(6, ZR A [0 1 ) pm—

0 0005 001 2%& ’&gﬂgb{)zg/m?foa 0.035 0.4
Bl AHEESENSITELE
Fig 1 The statistical histograms of uncertainty components
BERARIRAN R YR BN 155 94 J3E IR [T 38 3o ANl o FE 1Y) 5
HIR IR A, S AN Y P T T o A 0 A 8 R A e
Je ANHRE R LB R N R . DL, R T 5 RS E ST
R, WA S LA 5 LR o3t (R AP BRAN AL , H 1 52 R LK 2R A
R DRINE BTN SR B AN 5L A R AR B S Al
T — HA ) 25 T T A PR 2 i e A3 LAk it
HTAL BT U HAEE T AR 2 2 05 55, LR 7 s
SR SRAERLA T S S5 R SR T
S22 3Lk
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