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B OE: B SRS B RI% % (liquid chromatography-tandem mass spectrometry, LC-MS/MS)ill E$i
BE S5 JR A B b PP ARE B A P IR S A E BE A TR . J5%E MR JIF 1059.1—2012 (AN
FEEVERE 53R ). JIF 1135—2005 (A=l ABf e BEPPE ), SR FIROAE (635 - 5 00 vl e pig 55 2%
DA DU IR A % B ik, X S 5 1 v R OGS ER T AT 40T, A N E A e A TR B AL, T
A BN E LAY SR AN EE . £8R S PEHIIRAR S 5 0.927 pg/g, =2(EAR K 95%) I, 7 ANH E K
7 0.06 pg/g, MXEERFKRH(0.92740.06) pg/g. &I A T7 A WA €15 - ER 100 BT IR0 2 o 57 S DR 2
PRSI ) S AR R R NI R T SR

KRB WA - ERIBC BTG E; PRI RO/ B PUMIRAR; NHE BE

Uncertainty evaluation for the determination of sildenafil illegally added in
anti-fatigue health food by liquid chromatography-tandem
mass spectrometry

XIE Bai-Yan, LI Wen-Bo, YANG Yu-Ping*

(Wuhan Institute for Drug and Medical Device Control, Wuhan 430075, China)

ABSTRACT: Objective To evaluate the uncertainty for the determination of sildenafil illegally added in
anti-fatigue health food by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods According to
JJF 1059.1—2012 Measurement uncertainty evaluation and presentation and JJF 1135—2005 Evaluation of
measurement uncertainty in chemical analysis, the sildenafil residues in anti-fatigue health food was measured by
liquid chromatography-tandem mass spectrometry. Through the analysis of key links in the determination method,
each component of uncertainty was identified and quantified, then, the combined uncertainty and expanded
uncertainty were calculated. Results The sildenafil content was 0.927 pg/g, /=2 (confidence level was 95%), and
the expanded uncertainty was 0.06 pg/g. The assay result of the sample was (0.927+0.06) pg/g. Conclusion The
established method provides important reference for the uncertainty evaluation of determination of sildenafil illegally
added in dietary supplement of aphrodisiacs by LC-MS/MS.
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0 51 &

AR VR M R A 7 500 S T T T T SRR,
M T R AT TR 5 BB AT b, BT o &5 A0 1
fl, RNEOFHESE . RV T, @Bk sy
RARBCEEFIL HETE EANEEBE R A b, T
FRIRFH S, AEARAREREIN TP AR | bk AR AL 25,
PISRIERIHA . @2 B R AR, BEANEIL
185, BRIy i HE B A EFERK, NHE
TEXIANE AR, RERMAEPZ . PEIH ARG RS,
BAMENAR N FERREET RS, WOE .
D[ 2 AN %97 A 11 = B 1 RN = [ A S et 13
EL 5 | e 117 35 W B A B 1D A 24 o M B A T 10 1 v E R,
R SHZ ISR B TGS R AT T 20 A I D FE A 58 5 R
K56 150 H HEAE RS AR ZARGE tih e Tz R
JEE I N2 B B 5 g6

TEM A2 (Y AR b S AP AR AR 2 R 8 IR 36, JAE B
FE. FESRA . AREY R . o BT B R A Ak B A
—ANERTT, BN 1 PR 3 I 2 1 I (R R A AE
NEEH TR, BHMELSRMHERNSE, HTRIE
A R 0 e ) (RO R, RO e U A
G 2R FHIBUAH €20 33 - 58 150 0 i vk X B o7 AR il 1 S P R T
AN PR AR A BT I E ", HRkdE JUF 1059.1—2012
(AR E SRR ) P JIF 11352005 {1k
ST AR B IEE Y M, R b AR s i m v
AR AEAS I A AN B 22 BE HEA T I & A 2B, LA b 55 2
Lt P A VR TN VG MR AR B Ao I 4R (AR A B

1 MR5ERZE

1.1 XFEE5RH

AB Sciex [=ZRAH A RE -SRI T (3EE AB Sciex
23 wl); XS105DU H T K- (Fii+ METTLER TOLEDO 23 #l);
R T VRS (RUGEMS B A PR D), L530 BEHE.LL
(IR W S B0 = AR R A R A

T4 b BB AR X BE A (510068-201401, 46 Jy 99.9%, H
ER i e Rbt), WEEdtS 1785060). LIEEHLS
186350, tikali, 25E Fisher A H]); HERMELS L6COR2S,
grra, bR ERERERRAA);, 48RS
20160118, 4yHral, EZj4ER); LR HKN Milli-Q 4liK &
%: (3£ Millipore 23 7)o
1.2 SKWHE
1.2.1 &AE - & KA1

(DA TS S5 g AR S 9844 CAPCELL
PAK C;s MG III(2.1 mmx=150 mm, 5 pm); JiEAH: JEiAH
A: 0.02 mol/L ZIREVEI(E 0.1%H IR): Z A5 (85:15, V:h);

AR B: HIEL: M (85:15, vip), MEEEUEMLAR Y R 1;
FEJR: 35 °C; #EREARFL: 10 L,

®1 BERRERF

Table 1 Gradient elution program

AtAl/min B A/% B B/% 3% /(mL/min)
0.01 80 20 0.2
10.00 20 80 0.2
15.00 80 20 0.2
20.00 80 20 0.2

()i 25 4 HA W 2% 5 F U IE B T~ (electron spray
ionization, ESI+); i =0 IE&FHH#; Wyt £
S Wil (multiple reaction monitoring, MRM); M55 i, [k
5500 V; KRR 500 °C; KA 40 psi; FALA:
50 psi; T 50 psi; Woill 25 F%F: 474.9/57.9,

122 #EiReYH &

()Xo Ht o V5 Y P ) 5 A 2 R L VG b IS %o i o 24
10 mg, & 100 mL i, MRS, BMAEEm, BE=E
W, MO RE &R E 2, A, AE R B i A5
(100 pg/mL), AE% R B IR 5L g4 0.5 mL, & 10 mL &
N S0% NG KRR B 21, $E5T, 1E R %t HR AL iA
Wi(S ng/mL). 4 PR WA RS UG I S I 0.20., 0.50,
1.0 mL 4% 2y, 433K E T 100 mL, 10 mL &I, fin
S0%ZMEKIER B2, $245), BIASWREEN 10. 25, 50,
100, 250, 500 pg/L XFF& 5 RANVEW

QFESRET T & BURESL 10 B, FRoE, BF4NIRA],
K RIBOR21HEZY 1.00 g (1 FH) 2 50 mL A Zeii,
MAZEERE, 87 30 min, ®E2FEE, HCBEREZ
BEHEI), #2247, 3000 r/min &0 10 min, BRI L
THW 1.0 mL % 50 mL 5, 50% & K i WO B 22 %)
JERRE), $84), £ 0.22 um JERIEDE, fEROAR (- o 5%
TSI AE .

123 HFHEVES
B b v B R R AR S (1)
cxV
~ = 1000
o X PR 1 5 i, pe/g;
P2 7 T 6 A5 1 TR ot A 8 b P MR A P VR

M

C

ng/L;
m—APE B, g
V——2500, SRR RA

2 HRED

2.1 ANEREFRIRS
AR S A, 23 5318 PG IR A 0 25 SR AT R o

TEAAR, mL.
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SRR S RIR AT AN, 77 AR N B R Bk IR
HUUF LA T :

(WEEESI AT ERE: OF LI Rz
M DR 22 R0 L S0 TG 0 5 PN 0 i, 7 S Si el FR vp
A B R TR LM 2 m R 2

(2)%F R A U WBOMR B 5 | AN O A R 3 X BB L IE 5 1
25 B PG MR Al S i BAS HER | AN B B B N R R
AT AR B (RIE R ZE R EE L ), HRd
e AR AR (22« IR EERO0 56) iy A AN
W

Gt e LA B AR E R PR &8l AL
ARG A E

(DFEM IR SN AR E B FESARE BT AR A
BN (RTR 2ZFUNMEEZ M), FERE SRR K&
BRI FRBI AWM E B, B L. RS,

22 THEESENE
22.1 MEELMAAT ISR ZE ue(rep)

R E S ARG E B RE A AEE N
RAG O] SRR S AR E R 22, TATIUE 6 M FE S, TP g sk
et x, IRl EGE L3R 2, M G IFR T
BABEYLR E

*2 BEEMNELER(N=6)
Table 2 Results of sample repeatability (n=6)

Ao x AR N B x OO RR I T i p
SRR R IR R, AR R Q)IHEE S(x)=0.0119(FH:
n=6). TP SEBRAAE G B A 71 46 2 Oy BE S kA T
e, Woml A ME SN bR EOR 6w R
u(rep):% =0.00841(H:H m=2),

B TR AT PR BN M A X BRS8N

w(rep)="P) ~0.00907.
X

222 FHAR T B IR R IR A AR T
urel(cs)
2.2.2.1 X RS Al EE AA XS FRUEARTE E R ua(Py)

P PG AR X B S R B T, 4ERE A 99.9%, A
T k=2 5, 7E 95% E A5 X 0] L4 R AHH 2 U=0.5%, W5
A R AR o YA 1 22 BEE A
0.5%
e P 59 9%
2222 XTREAEFREAR R A XS AR EA A E B wa(W)
FRG 1 2 0.01 mg (14 HLF K SF-FREL 10.84 mg P Hu AR
A%t B A, K I A A R R B R IR 2508 0.05 meg,
ERYE 0.15 mg, LA 0 BHE, HARX R EAR

RSN N 0.05
ﬁﬁﬂffﬁj‘] %EF‘l%% urel(ml):m:0-00266; %S{Z
X .

=0.00250,

. 1 [N
PRATE B tpe(ma)= —— > — =0.00799; 2 Yk (o it
J3x10.84

) gl AR M X bR ME A B E A wa(W)=

e 1 2 3 4 5 6

it x/(ug/g)  0.937 0920 0.925 0.909 0.928 0.942

S35 x I(pg/g) 0.927

R DL FE IR 30(2), BN 45 2R 4 s o 22

2

2% (g ()2 + 4y (m)*) =0.0119,
2223 X HR SH R B ) R B A B AR AR AR R
(V)

(L)X JIEE ot 7 0 T T o R i LB ) R AR A T A
FESE (Vi)

X IR RS R P A T 10,100 mL 25 R(A 20)
K 100~1000 L Fifids, fRHit-aki e Mt "o s Ar
PRV ZE . HXISI R GETE A% 18, A wa(V en)

Jgkﬂﬁ;mﬂﬁAWMNﬁ@K%%ﬁﬂ%L

®3 MREBREEZEDERINNTHER

Table 3 Uncertainty introduced by instruments during the preparation of reference solution

s i H AR (BT R o7 AR R A2 ARXS AR HEA B 2 BE
1 100 mL A &0 (4 1K) 100 mL +0.10 mL trel(V g 1)=0.000577
2 10 mL A N4 1K) +0.020 mL (V1 2)=0.00115
3 100~1000 pL ¥ #(2 ¥X) 200 puL £3.0 uL sV ar:3)=0.00866
4 100~1000 pL AR (3 ¥K) 500 pL £5.0 uL trel(V 1 4)=0.00577
5 100~1000 pL B #7(2 IK) 1000 uL +10 uL trer(V v 5)=0.00577
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% 3 B & RIS AR AR E B wea(V wen)
=0.0180.

(2)%F HE i V5 TR0 T 1) 2ol R P 9 AR Ak 5 LA AR b o o
AHEE ue(V )

Xof Bt I T e R R, PR A TR I Bt & e R
— B . S AR L F R E (R RFTE (20+5) °C,
TR B AR W T2 RO A AR I, Rk L2
JEHTE RIAT . KRB RECH a=2.1x10" °C', ZH&
HIRTUZ K RECR a=1.4x107 °C', W] 50%Z. &K i Ey
RBUEIK R 0=4.0x107" °C™, B TR 200 5 kS 1 A
igﬁﬁ%ﬁw,@@ﬁuﬁer“yVﬂ%:mwm
B AR AR AN B B LR 4.

M 4 KOs A LR X BR R B2 B wa(V )
=0.0124,

(3) % Bl v R TR ) A 2 5 | A R AR A o
urel(Vs)ﬂmj‘j:

e V)=t Vi) + s (Vg =0.0219.
(4) 2 LT T 1 00 5 Y R A 2
iy

U (C)= \/urel (P)? + 1 W)* + 1y (V) =0.0250.,

223 ARl K IE T N AT AR A L ue(curve)

3 BOG B A R AR I 10 L A 5 RO 335 - £
BT A HEAT W o, LA B MR RN
y=1.24x10"x-3.05%10%, 156 Z L =0.99995 . U] 1 b ff: il 2%
PUA 5 BR AN 22 B A :

R L B
u(curve) b \/p + p + 27:1(xi—;)2 3)
2 S RS B AR IR AR S 5R 22 bR IE 2, THRT IR A

| =
S=\/n_2§[yi
Horpr p=1.24x10%, HEIE T FERIR, p=6, JikkEh R
Jo R I A KBS n=6, Sk sk R O S U G sk
SIS AR G A Rl 0.927 pg/g, % E BURE B R
1.0 g, fZSERAFN 2500 mL, WFEM My B A2 {E
Xo =370.8 pg/L; Xt A SO x =168.8 pg/L; x;
Sk AR 2R FR AT AT BRI TR v MR T X
4 2
RALARA), WA HEH u(curve)=1.604, 11K HEH
AR S,
W Hy s o 2R 900 51 A B0 A R AR UE R B0 E A

(a+bx)* =2.74x10",

w(curvey="") _0 00950.

X

F4 WRIBBRMFIEPEESIANTIHREE

Table 4 Uncertainty introduced by temperature during the preparation of reference solution

75 B (T ) RBUEZAK R B aroC! o PR AEX AR AN o B
1 100 mL A ZEHH(1 1K) 1.4x10° 100 mL tret(V s 1)=0.00404
2 100 mL A M3 1K) 4.0x10™ 100 mL trel(V i 2)=0.00115
3 10 mL A ZLEJ(1 1K) 1.4x10° 10 mL tre(V iz 3)=0.00404
4 10 mL A H 23 K) 4.0x10* 10 mL tret(V e 4)=0.00115
5 100~1000 pL KA (2 IK) 1.4x10° 200 pL (Vi 5)=0.00404
6 100~1000 pL B2 AF(3 1K) 1.4x10° 500 pL re(V iz 6)=0.00404
7 100~1000 pL B A5 (2 ¥K) 1.4x10° 1000 uL tret(V s 7)=0.00404

F5 MEHZMEITESER
Table 5 Results of standard curve fitting

75 X Vi y=atbx ) (x-x)
1 12.90 1.29%10° 1.03x10° 6.52x10° 2.43x10*

2 27.43 3.08x10° 3.04x10° 1.88x10’ 2.00x10*
3 53.70 6.33x10° 6.39%x10° 3.14x107 1.32x10*
4 104.8 1.26x10° 1.31x10° 1.86x10° 4.09%10°
5 272.5 3.34x10° 3.32x10° 4.37x10* 1.08x10*
6 541.3 6.66x10° 6.66x10° 3.96x10° 1.39%10°
oyl 1012.7 1.23%107 1.23x10’ 3.01x10° 2.11x10°
FHME 168.8 2.05x10° 2.05%10° 5.01x10° 3.52x10*




%34

PRS2 WM - AR D BRI R HURE 57 S ORAE B b A TN ) DY S IR 55 S A AN R P 1117

224 M ERIRE AR ATE TR S ue(Cy)
22.4.1  FES TR AR EARTRE B (W)

FWET 2 0.1 mg WHELFRTRILZ 1.0 g FER, £
FEUE A 45 R AR KR 2520 0.5 mg(BP 0.0005 g), =
S 1.0 mg(H1 0.0010 g), FZEETE/ M43 38, HAAxF
0.0005

REARTEE N RFEARE ua(w)= =0.000289;
\/§><1.0
. . 0.0010 o b
KN R E EE P urel(W2)=J§ 10=0~000577;20\%;@(/}E€
X1,

BHE)SI A M bR EEN: wa(W)=
V2% (ttr ()2 + 11y (w2)?) =0.000913 .
2.2.4.2 ANV TRFR LD AR A S 1 A R AR X AT HE AT 2
urel(Vt)

RE 1.2.2 FERMERAHI & TA, 20 5% BT i
B AR R S AR ERE, BRI

() 2 PR BURE Wb 8 RS 5 1A B AH S B S 1 7
urel(th)

50 mL A BEMmKRAZEA V R+0.05 mL, MK HED

ABIAIXFFREANTE B wa(Va won)=

AV
= =0.000577; Z.
\/gx V
EATRIEIKE 2B o=1.4x107 °C™!, WA S| A AR YT
PR AN E A (Vi imm)=%ﬁt

A O M X AR AN B O OE
\/urel(VtI&?’ﬁi)z + urel(th?F'n)ﬁ‘ﬁ )2 )=0.00408,

Q)T 50% & I i B A b Vs R B 5 A B RS 8 R B
urel(VQ)

50 mL A MR KR AEA V }+0.05 mL, MK HED
AR E HE (Ve )= —oe— =0.000577; 50%

ﬁ xV

K BT SR TR 280 a=4.0x107 °C!, MEEESIA
MR AT 2 (Vo )ZTN

AN A= I A N N NI =R -
\/urel(VtZT’jé?ﬁ)z + urel(Vt27nE]'1f§)2 )=0.00129

(3)FEEL 1.0 mL #¢ SR BUR S | AT ESE ua(Vis)

FH 1 mL AR ARZEA V H£0.01 mL, WAHES]

AR BRUEATE E strea(Vis v )=

=0.00404 .

urel(th)=

=0.00115,

Z"rel( VtZ):

AV
———=0.00577; ZJi&
NPTz i
RIS R BN 0=1.4x10" °C™", WS ABIF XS Fr e
ax At

V3

Ao M oxE bR oME R B oE
\/urel(VB&VEE)Z + e (Visigpr )’ =0.00704,
(4)RE SR VAR PR Aok 2 v 5 | A A XA T AN 80 2 A

AT wa(Vis u)= =0.00404,

Z"rel( Vt3 ):

et (V= it (V1) + 151 (V) + 1y (V) ) =0.00824
2243 4 HRE ST E RO AR R A 5 B v (C)
ret(CO= it 2 W;) + 112 (V) =0.00829,
23 ARFERREENTE
KA IR B 2 6.

®6 THEESER

Table 6 Relative standard uncertainty of each component

i AT SR IR By R
Urei(rep) EE PR E) A2 0.00907
te(Cy) Kef HEL ot VA VR AN R B2 0.0250

v 2R LA 5 A .
urei(curve) i Hﬂﬁ;/; JELJ A A% 0.00950
e(CY) FE VA TR AN R B2 0.00829

B B BR AN 2 A
Urei(X)= \/”rel (rep)? + 11y (C)* + tyey (curve)? +uy (Cp)* =0.029.,

LSBT A AP S R X R 0.927 pelg, R
B AR EAS E FE h:

(X=X %urei(X)=0.03 pg/go

24 TRABEEMITE

BUEARAKE P=95%, W& T k=2, WY A E K
u(X)=kxu(X)=0.06 pg/g.

FH AR 20335 - H B O 3 12 00 e o B S DR £ it v
PUHBARAE M &, MIBURERN 1.0 g, k=2(ER KT 95%)HT,
DAL G P PR EE 5 524 (0.927+0.06) pg/g.

3 FHi5iie

ABIEFEXTHUIRE 55 S A B i v 04 R Al A A5 0 2o A
AT T AN RE BE 1A, e DR MRS DN 235 SR AR A P R
TR RO ARERBRAH . R
il 5 Bl Z LG A5, H AR X I A P R o R P R
HRTANEE BE B iR OR o X Tk SEANH 52 BE RS2, AT
DL P8 R A AR B PERE . SR MEI AR BE R, LAl
Ak PR RS, R LA AN R R A S PR AG A i 0 A 1
TEJE AT L, R IR R AR

SE B
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