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Uncertainty evaluation in concentration determination of 26-OH-PD in human
urine by UPLC-MS/MS
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Abstract: Objective To evaluate the uncertainty in 26-OH-PD determination in human urine by UPLC-MS/MS. Methods The
whole process of the 26-OH-PD determination was analyzed and the uncertainty from various sources were calculated, and then the
combined and expanded uncertainty were also evaluated. Results The expanded uncertainty of 26-OH-PD at low (6.16 ng/mL),
medium (97.94 ng/mL) and high (398.02 ng/mL) level was 1.44 ng/mL, 6.97 ng/mL and 22.05 ng/mL (P = 95%, k = 2). Conclusion
Calibration curve fitting was the main source of uncertainty for the low concentration of 26-OH-PD, and instrument tolerance were the main
source of uncertainty for the determination of 26-OH-PD at high and medium concentration. This method could be used to evaluate the
uncertainty of 26-OH-PD determination in urine. Reference was also provided for the uncertainty evaluation in drug analysis.
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AR LA R L, WEDIRER L, R E
PEEBONNME,  H AT AR WK B RFEH 26-OH-PD
B B E AN E FETEE HOE . AR ORI B K i
B ROR B R i R AT RIS FAR G HR R 181, Xt
UPLC-/MS/MS V5 E K RFEH 26-OH-PD & &
AN 2 PEREAT VA, R0 R AR MR I 25 ik
JEE W R (R AN 52 VP58 Tk, LT IR 2E R TR
R IR VAL PR R S AR .

1 #R5E%E

I ES RN %: SE[E Waters A 7 Acquity XEVO
TQ-S F A v WA €21 - = =5 DU 2% T 53 B o 15 Bk
1, Fe WS B P YR (BESD, 8l 44 A
Masslynx V4.1; FAT104N 737 K7 (B RS
BWARAT); T.GL-16aR GREOHL (L2
ERPEEARE ) XW-80A JRHEIRA 4% (LR RL S
WABRAFD.

Bt S A bR: 26-OH-PD i 7 bRk 2% Fi A 2
FRVE R A S R, A TR E R
476.4, fiL'5 20130915, ZifF 99.0%. Wirfth NS 2
1 DQ (f&#% PDQ) FH & RO 2 i A 5 2 B 220 5
B Zimt f s 526, MXT 7 EN 4764, S
20130812, 4% 99.2%.

Wi HEE. 4% (3EE Fisher Ad]), A
afi; WERR Ol (R B =GR, filkal; B
Hil 81K, Wistar KR A RFE.

2 7k
2.1 UPLC &t

ik Waters /A #] 1) ACQUITY UPLC
BEH C18 (2.1 mmX50 mm, 1.7 um) ik, W
FHAr B R & FE VeI, 26-OH-PD AP Fx PDQ 44
BRI )43 504 1.65 min A1 1.10 min, & — MRS 2>
Hr B 2.5 min, JshFHEEEE © 7K (10 mmol/L Z,
PR -0.1% HF R ) =83 © 17 H K, KK E 04
mL/min, ¥R 40 C, #HEEHN2 UL,

22 FRIESEH

K H #5555 B 75 (Electrospray ionization,
ESD, fEEEFHEMKXT, &M 2 &M
(Multiple reaction monitoring, MRM) #5414
77 REATIE, FT RS HIE T (m/z): 477.4
—143.1 (26-OH-PD), 477.4—143.1 (PDQ). E4H
EHIE 09 kv, BTFURIEE 150°C, FALMEE
450 ‘C, FEASAFIRE 800 L/h, b AR &
0.15 mL/min.

2.3 ARECH
2.3.1  26-OH-PD X HE i 5 9 14 T 1) i 2% 90 10 T
fil: FHEFRE 26-OH-PD A54fE i 10.03 mg T 10 mL
B, IHEVARE R ZZIE, 435 1.00 mg/mL
)i 28 VR

PR 2 TAE MG RS2 26-OH-PD fi
W1 mL #FE R 10 mL #EiH, FHEES, 15 100
pg/mL [ 26-OH-PD TAEWR, FH HEZBRMEE,
R E N 204 50 100 250, 500 1500+ 2 500
5000 ng/mL FRIFRHE R ZE AR .

JRPERE S TARRBCH] . AH 2 100 pg/mL 1)
26-OH-PD TAEW, FHHEEHEMEE, 19215
23914 60+ 1000, 4 000 ng/mL %, B, Eid%
FE i TAER
2.3.2  FRUESZRAEIIECH]  PRFERRIE M2 FE S
il s g3 bR it 2 TR % 10 uL, 235100 90 pL
KBRS RO 2R B2 24 54 104 25, 50,
150 250~ 500 ng/mL F RS HT Z8A% f

PRFEFERE S : $% 3R VAL % 6+ 100
400 ng/mL P& W BRI ERES, 357
T RS 25 B RN AR 5 8%
2.4 FREHTCE

BIRAET IR N, 210 so AN 30 L
MR AR (250 ng/mL) T 2 mL EP &+, IR
RS 100 uL, $R%% 30 s VRE), ZRJE A 1 mL
FtiR 2. Bg, Y583 2 min J&, 12 000 r/min &0 10 min.
W EEANAE 800 uL ¥ BT mgaEeE ., T
40 C No S FWF, JEH 400 pL HEEEE, 4R
% 2min J&, 12 000 r/min 0> 10 min, %5 ZEFE
A
25 HEFEREMENS

PA 26-OH-PD 5 H A ARIETHI AR 2 L AL HR,
26-OH-PD Jii sk B AL bR, BUEKFTH 1/X2,
IR N IR AT RS, ArdE Ry y=ax
+b, x4 26-OH-PD Jli K, y N 26-OH-PD V&
RS AR SRR Z L, a NERAEMZRIE, b
b2 AEE . FRIRE AT, KRR g
AR S H A FRIETE A 2 LA AR E 2R, H515 3]
26-OH-PD HIiRIKSE x= (y-b) /a.
3 THEEMITE
3.1 MEAHEERIKIER

HRABFEA SIS, MR IIAH e B R BRI T
HEME, RPRRE. TERBCH. PR, $REE
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W BEFURRE, AXas e Al SRR, W 1. JRIBFES, JFTATRCH] 6. 100, 400 ng/mL FRIK.
32 BNEFHEEMTE
321 A RAWELIPE BEEWEIANMEAS T 6 K (n=6), & “2.47 BUNKAHFIE,
SRS ue(), % “2.37 BUGPR HRCHIRRHEM L 4RI 1.

by SRR RS, 3 A (m=3), FHHF

I B s
Kppz BlERE VR 2 R
FR \l \1
< R fu
S < Rl

> 26-OH-PD JRFEIKIE

/

T EESZ R HEME

1 NHREERIRST

Fig.1 Analysis of uncertainty source

#1 26-OH-PD EENEHIE (n=18)

Table 1 Repeatability measurement concentration data of 26-OH-PD (n = 18)

21 53 JFR B /(ng-mL™) 2053 R T/ (ng-mL ™) 21 531 R /(ng-mL)
L1 X1 6.85 M1 X1 95.70 H1 X1 398.99
X12 6.27 X12 105.70 X12 394.99
X13 6.50 X13 103.13 X13 374.99
X14 5.93 X14 98.84 X14 424.70
XI5 5.36 XI5 96.70 X1s 444,13
X16 6.05 X16 105.41 X16 378.27
L2 X21 6.07 M2 x21 103.97 H2 X21 370.22
Xx22 5.73 Xx22 85.64 Xx22 377.31
X23 5.84 X23 111.06 X23 376.19
X24 6.84 X24 109.39 X24 409.53
X25 6.73 X25 90.08 X25 395.36
X26 6.84 X26 87.58 X26 396.33
L3 X31 6.45 M3 X31 97.44 H3 X31 386.81
X 32 5.20 X 32 95.72 X 32 396.97
X 33 6.45 X33 96.34 X 33 414.94
X 34 6.70 X34 94.94 X34 416.03
X35 5.45 X35 93.69 X35 410.09
X 36 5.58 X 36 91.66 X 36 398.53
X 6.16 Xy 97.94 X,y 398.02

M 28R AT S TR 22 «

AH m N EHE n T = R AR5 m=3,
n=6); k NEMHTATIEMRE (1, 2, -, n), j RHEE (1,
2, = ome

LU 6 MR TR RIRL R, T8
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PR b R O 2 A

S,(x,L)= Si/(%u = O;fz =0.131
S,(x,M) = Sp\(/%:/') = \7/% =1.698
S,(x,H)= S*’j%ﬂ = %\/%9: =4501

R B AN 5 P

S,(xL) 0131

u @@L = ——~-=0.0213
. 6.16
S (x,M
uLM)= o (%! )=@=o.0173
Xy 97.94
S (x,H
u @ H)= "(L ) _ 4501 =0.0113

. 398.02
3.2.2 B EAWELIEE
(1) XS FRE 5INHIATHE L u(2)
K PR V2R B, R SR e Sk ) AN i 2
] PAZBEANTE . AEZR 1R ZE u(A4, nonelinear)F1 H Z)
WE u(l,zeroing). )3 AMFEE, AHHF
k=3, BENEREE a=05e, Miil-FKEiE
Hi, KETEME e=0.1 mg.
RV ARG E A € FE
. o 0.5e
u( 4,nonelinear) = K
HBHEAEN 1 RANE, M ao=a, RFHIESD
AN E LA
u( 4,zeroing)= T(—O = 0.5 =0.029

V3
R BIBRHEAE N -

u,(m) = \/uz(A,noneIinear) +Uu?(4,zeroing) =0.0410

=0.029

FR& 26-OH-PD 10.03 mg, F} & 26-OH-PD (W)
B 51N IR XS AN 5 FE A
u,(m) 0.0410
W 10.03
(2) FREETRECH] 51 N BRI E BE ud(3)
FEME AN R A2 B o 65
MR EE T 2N 10 mL (77 ) 100 mL (V2),
BRARZESHANE0.02 mL }+0.1 mL. HTiRE
FEHITE 20°C, XEAMImAET /N, o 2R
=g, e TK=6, BBk A

u, (2) = =0.00409

WA BRAE AT i A
a 0.02
0, (V)

“x " Te1 0.000817

R a5 NI B AN e B P A v VAT
F 2| #2542y Dragonmed, HEIEFEA 10~100
uL (P1), 20~200 uL (Py), 100~1 000 uL (P3),
AR REDHHNE08%. +0.6% +0.6%. %=1F
W, AaETK =6, 3 MUK AR
HEANHE A

a,  0.8%-100
4R = = 6100
a, 0.6%-200
e (F) = k~§<z ~ J6-200
a, 0.6%-1000

ur(R) = K-X,  +/6-1000

BRI VR C ) 1 N BRI S AN 7 < 26-OH-PD
o A VR A8 2 K 10 mL &, 5 K 10~100
ul B AS (5% 100 ul), 2 7% 20~200 puL F #%
(2 %200 pL), 13 X 100~1000 pL s (1K
250 uL+ 17K 300 pL+ 2 % 500 pL. 1 X 700 pL. 1
X 750 uL+ 2 % 800 puL+ 5 /X 900 uL)o HAH X btk
AN E A :

2u,2(V)+5u,%(P)+2u,%(P,) +(0.25? +0.3% +
2x0.5% +0.72+0.75% +2x 0.8 +5x 0.9%)u,*(P,)

=0.00327

=0.00245

=0.00245

u,(3)= =0.0104
(3) AdE S 25 JREEBCH 5] N I E FE ud(4)
F%42 47T N AT JRFERCH], RS BFEH 10~
100 uL (P1), 100~1000 pL (P3), 5~50 uL (Py),
BRRESIHNE08%. +0.6% +0.6%. %=1
Lo, ATk =6, R IR A e
FEN:
a, 0.6%x50
u(P)=—"2-=
(P,) X, - J6x50
FAXS FRUEASTH E BN -

U, (4) = Ju,(P) + (¢ + 0.8 +0.4%)u,*(P) +0.6°,*(P,) = 0.00486

=0.00245

(4) $ I IR] Wi 20 00 Jo R0 RE 51 N IR AN o 2
u(5)~ ud6)

SEH RN AR A SRR R b SR EU U T
P52 RIBORE S U NN B ARV e T A
MTECAEL . FE 5T RN 2 TH SR RVBARAE S I T AR 5 PR
WAAFAE N IR LB . R, P = ErEa
[ S 23 AN ot RO 1k 45 SR LR 2.
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&2 26-OH-PD 7KK BB RME L (n = 6)
Table 2 Recovery and matrix effect of 26-OH-PD in urine

T4 BHASERZHSH

Table 4 Parameters of the calibration curves

(n=6)
AR SERRS%
HRIKEZ/(ng-mL™!
Hlngml™) T SDee B SDI%
6 95.32 2.15 98.63 3.99
100 98.79 3.20 95.86 3.86
400 98.61 2.74 96.78 1.17

SR IR =R PRI A o DN B AN 52 P«

SD(L) 2.15%
u,(5L)=u, (R L)= = =0.00921
G =u R L) Mean(L)-v/n  95.32%-+/6
SD(M) 3.20%
uGGM)=u(R,M)= = =0.0132
A&M)=u(R.M) Mean(M)-+/n  98.79%-/6
SD(H) 2.74%
u,(5,H)=u,(R,H)= = =0.0113
(& H)=uRH) Mean(H)-v/n 98.61%-/6
R S5 A50NE FRI AR s R 2 AN o P
SD(L) 3.99%
u.(6,L)=u.(ME,L)= = =0.0165
)= ) Mean(L)-v/n  98.63%-+/6
SD(M) 3.86%
u,(6,M)=u,(ME,M) = = =0.0164
(B:M) =ur( ) Mean(M)-+/n  95.86%-/6
SD(H) 1.17%

u,(6,H)=u,(ME,H) = =0.00494

Mean(H)-/n  96.78% /6

(5) AUZREA TN AT E FE ud(7)

o VSR A AR RE TR 1 B K 70 22 90 o
3% 1%, #5505, k=3, [ELIIAm
RS A A o P
u, (7) =Ju, 2 () +u, 2 () = /(0.03/4/3)? +(0.01/+/3)? =0.0183

(6) LRMERNE L FE B NFARH E BE u(8)

P2k & 8 NMKEE, 26-OH-PD 5 A&
ML W2 3, F DAS3.0 i85 5 FbrrEhisk
PRI EE IR 4. FLA I bn v i 2 s 5 4%

o R AE ) 26-OH-PD ¥ L3 5.

#= 3 26-OH-PD 5AHRIEEFRLL
Table 3 Area ratio of 26-OH-PD with the internal standard

NSRRI E B B B B
PRISCBRIRIE o 1 b2 bR 3 B 4 AR S
(ngmL")
S1, 2 0.026 0.023 0.026 0.026 0.027
S2, 5 0.05 0.047 0.049 0.049 0.05

S3, 10 0.088 0.087 0.088 0.088 0.103
S4, 25 0.205 0.206 0.204 0.206 0.199
S5, 50 0.398 0.406 0398 0.402 0.408
S6, 150 1.173 1.203 1.172 1.186 1.236
S7, 250 1.948 2.001 1947 197 2.148
S8, 500 3.885 3.995 3.883 393 4.146

e & a HFE b
Frh 1 0.0078 0.0106
Frl 2 0.008 0.0071
Frih 3 0.0077 0.0105
bRl 4 0.0078 0.0102
Frh 5 0.0082 0.0107
FEMA 0.0079 0.0096

=5 ARG EL S MB MK 26-OH-PD HIKE
Table 5 Back-calculated concentration of 26-OH-PD in

standard urine samples

——
gﬁ:ﬁm) B BREI2 BRE3 BREA bR S
S1, 2 1.97 1.99 2.01 2.03 1.99
S2, 5 5.05 4.99 5.00 4.97 4.79
S3, 10 9.92 9.99 10.06 9.97 11.26
S4, 25 2492 2486 2513 2510 2296
S5, 50 49.67 4986 5032 5023 4845
S6, 150 149.03 149.49 150.84 150.74 149.43
S7, 250 24838 249.24 25149 251.26 260.65
S8, 500 496.72 49849 50292 502.54 504.30

PrifE iR & 8 MIKREE R, n=8, JLH 5 %&bl
Mk, NIRRT KRR &E 1k, 3t
ME 5K, m=5, N HEFRHE R0 IR E,
N=mXn=40; an AFHEIZLIIREE, b AR il
LRINARE XN | MERUE SRR IR, x N 8
ANFRE SRR B (O BAS TIME, x=124; i NER4LYS
RREIT T2, j R IR EEAR EV R P8 =1,

2, 3.
FAHSTT 208
S = i(xj —x)” =1083288.896
j=1
AR ARE i 22 7 -
Z[yj - (amxi + bm )]2
s=\"~ =0.0176
N-2

MWEAR. b SRS RE R & 18 Ik, P=18,
5 B 43 F P 8y ik % =6.16ng/mL
Xy =97.94ng/mL X, =398.02ng/mL |
x=124ng/mL | 3-0.0079, HiLEIhA HIbRHE &
AW 52 FEE
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u(x,L)=

@ |

J1+1+Q,;_xx=0.681
P N S

XX

S /1 1 (x —x»
ux,M)==_|—+—+-MmM—"—=,
(M) a\/P N S 0635

XX

S 1 1 (x —-x)2
U, H)== | =+ =+ " =,
(x,H) a\/P N s 0.862

XX

FEREFRAEANA E LN -

o8 L)<t 0681 4,4
X, 6.16
u @ M)=UM) 0835, e
9794
o (8 Hy=YH) _ 0862 455505
X,  398.02

33 ARAMEERTE
26-OH-PD 4 5 1l 5 FRIAF X B HE AN 32 N -

U, =020 +0, Q) +u Q)+ 0, (8) +u, 6) +u,2(6) +u, () +u O
N 26-OH-PD JR#EFEMIE. . SIRERE KR

AT RRAEANHE B E N Yot =0.117, u_,, =0.0356
U, n =0.0277

1% T TR AR AN 2 B A
Ug, =U,,, xX_=0.117x6.16 =0.720ng / mL

Ugy =Uq ;X Xy =0.0356x97.94 = 3.487ng / mL

Uy = U sy XXy =0.0277x398.02=11.025ng / mL

34 ¥ RAMEERNITE
B k=2, MMNHEEMEN 95%, 26-OH-PD
RPN 5 B FRANH 32 N

U, =k-u,, =2x0.720=1.44ng /mL
Uy =k-U,y =2x3.487 =6.97ng /mL
U, =k-u,, =2x11.025=22.05ng / mL
35 MEERFR

MEEME P=95% (k=2) B, KFEd
26-OH-PD ik ™. i B i i e &5 SR n] BL4)

WFRIRN (6.161+1.44), (97.94+6.97). (398.02+
22.05) ng/mL,
4 e

FRYE SCHRARE , A 2R AR AR 5 LT[R B
Be, AR/, HSLie =R 20 C,
SIS E FERT 720, BRI SOR 5 RS iR AR AL
GINIATRE . WIS AR AT E R, WNE
SEAE, )RR AR BN BN B AN E B A R,

FRYE SR R ANE E FE 7 Al 2l AN
EE R ENGTE T (B 2). R E £
B R RN MERL A, PRARTEEAT IR S VA P Al
I, RPRIEARIAR RS s I HERf 1, Rl E X ]2
mn e BVE B R R AT “ A= 2R IR 25430 115
{51 s % N =R 01U R ) [ 7 ol Vit = 5 B Y AR e adi 5
JEH L bRAE S AN BRRE RN 57, BRI S
ANt 58 FE B B Fe /N0, AR AR R AN o
S (Rl 3 B AR Fo 2, HRs ma T 8 AT O
AR, FEEAES4ET R,

JH X UPLC-MS/MS 75 52 JR ¥ 26-OH-PD
WEE BN B AT E FEVE 8, A B 74
BT ATEREARYE . RN A R A e R, AT
M 25 R INHERA nT 5, skl 7 A4 iRl

b EL
H~F o

ur(7) 28 =10 llll_ﬂ
ur(S)FE I AN -
ur(3) AR 1) ==
ur()EEN  E=—
0 0.02 0.04 0.06 0.08 0.1 0.12
- | | | |

2 FAHEESENGITESE

Fig.2 Histogram of the uncertainty components
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