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Uncertainty Evaluation for Determination of 6 Sildenafil Derivatives
in Oral Liquid by UPLC-Q/Orbitrap HRMS
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(Shanghai Institute of Quality Inspection and Technical Research, Key Laboratory of Milk and Dairy Products Detection
and Monitoring Technology for State Market Regulation, Shanghai 200233, China)

Abstract: In order to ensure the accuracy and reliability of high resolution mass spectrometry for the determination of
sildenafil derivatives in aphrodisiac oral liquid, it is necessary to evaluate the uncertainty of the determination results. In this
study, the content of 6 sildenafil derivatives in oral liquid health food was determined by ultra-high performance liquid
chromatography with quadrupole/electrostatic field Orbitrap high resolution mass spectrometry (UPLC-Q/Orbitrap HRMS).
The mathematical model was established and the measurement uncertainty was evaluated according to JJF 1059.1-2012
“ Evaluation and Expression of Measurement Uncertainty” . When the contents of N-demethyl sildenafil, dimethyl
thiosildenafil, dimethyl sildenafil, hydroxythiocarmo sildenafil, thiocarmo sildenafil and thiosildenafil in oral solution were
0.90, 1.04, 1.22, 2.01, 1.51 and 1.14 mg/kg, the extended uncertainties were 0.07, 0.09, 0.10, 0.16, 0.13 and 0.09 mg/kg
(k=2), respectively. The results show that the uncertainty mainly comes from UPLC-Q/Orbitrap HRMS, standard solution
preparation, recovery and random effect.
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KPR, FER o A e R T P HBARAE, F%
FLAMSAAA A, PR3 U5 22 7 B 4 1 H AL
PRSI T2V R it 2 . B RTIRE B T ARER IS
YINEZSE Y/ DRl DAl S s - o i o= N LN T S P N5 1| B i
7% . QUEChERS 4545 5 AH (U3 BR IR BT 350190
1= RO AE 8,55 -8 3 BRI Y R vk, b
UPLC-Q/Orbitrap HRMS 5 ELAT 1 1 | 43 HE R A
AR i AR S, TE DR B A BRI 24 A i e R A
M A AR A N AT ET 7,

TED 7 () i B vh SSAAEAR 2 AN e g IR 21, an
WURE | FE SIS . PRUEY B RS . ST e X R Ak
FRAFAE— AT, BN 1 P 2R3 B A
BIFFAEANGERA RS T 43, I LEF 2 5 I fa 2 SR AR
FRINSEL, TN g B E S EoRE RS 20, RS
AT AN BE XA 25 TR 0 TRk, PR R —
TG0 43t A B AN o B . D AN BE P E W2 H
HREIS T AR BB ARG oy, vl LA E— 24w
2 R HE PESR LS . SRR (- B 4 T
SOV R A P ARV BN 25 s B AR B fE
HA BT PRRE T A AL, (B A X A B P
NWITFE, T AR EH: BE2IE 11 AR 8 P P H R A i) 4]
RELE A HER R PR AT FEVE, X 25 SR T A 2 B
PP SR T B . AR S IO S HGE M (0% 0T
FERINE HAR i & ASER E BEPEE 7 2P FpE
S 2E 5 24729 52 ] UPLC-Q/Orbitrap HRMS 1 %5
BH2IE E AR UE A %) P B IR 2 & S A T R, 4K
#E JJF 1059.1-2012 M B AN 2 FE P2 5 R R )P
JIF 1135-2005 A543 B B A0 58 B P2 Y2, Xt
HBHZE B AR P B S PE Hb BB A AN
T RE BT S 1VRE , B8 A AN e BE S B X SR g6 45
PR ST, Shy S 06 2 G D0 & R 174 O o 4 o) it i = 2%
R
1 MRS
1.1 MRS5S
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=99.9%, ¥ 100.1 pg/mL) . 2= B FEARAC PH H AR
9F ( desmethyl thiosildenafil, 4l B =99.9%, ¢ &
100.0 pg/mL) . —H FLPGHBARIE (dimethy] sildenafil,
2 = 99.8%, MEEE 99.6 pg/mL) | RETRACSESI PG Hb,

HARAE (hydroxythiohomo sildenafil, 4/ = 98.5%, &
98.8 pg/mL) . F S P HEARAE (thiohomo sildenafil,
4l B =99.6%, e FE 99.9 ng/mL) | FiAt PH HL AR AR
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SR RERRIERIE A BRAF FEE. 2N
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Orbitrap =153 HHFIE) . Xcalibur 4.3 314 T HIEIX
e M B PE R £E | TraceFinder 5.0 A4 F 545
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12 LWHE
1.2.1 FRUAEEHEECH] 5 mg/L IR-SAnAEfi 25 1 e -
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FHER BB E R E S mL, T (—20+5) °C VKEHLRTE, IIf
JHRTEUH R E B =0E . RIVBRUER R 53 EL 20,
40. 60. 100, 200 nL IR SPRUEMERR T 10 mL K
L, FH B E 25
1.2.2 FESATARIE 2 BRARLaEEDY 1S58 7 ik,
HERFR IS 0.5 g BEAL BT 15 mL HLZEELLEH, InA
10 mL 50% HEE- /KSR, #5:5J, 25 °C T M5 15 min,
F 5000 r/min E5.0> 2 min, _E3EWGE 0.22 pm f4FLIE
JI5E, B v B S A R A W o X TR B R e s v
2 FRRAYERIMIR, 7570 50% s /K3 245 B S PR
M .
1.2.3 A8
1.2.3.1 (iR SRR B ik,
{3 Thermo Hypersil Gold Vanquish {i#4:(100 mmx
2.1 mm, 1.9 um), ¥E¥&: 25 °C, #ii#: 0.3 mL/min, 3
PR 5 uLo HishAH B EE VR UL 1.

F1 BRETRBRT

Table 1 Gradient elution program

HF] (min) P (mL/min)  A: 0.1%F /7K (%) B: 0.1% MR/ (%)

0 0.3 90 10
2 0.3 90 10
8 0.3 10 90
10 0.3 10 90
11 0.3 90 10
14 0.3 90 10

1.2.3.2 JRiEAM B IR aT A e w25 B TR
(HESD); B T-JFIREE: 325 °C; WEZ5HL R 3.50 kV(IE
10 ; BEBEHEE: 50.0 V; B AT : 40 arb; B
J#H: 10 arbs fH I IR)E: 350 °C; 3414 Full MS-
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Table 2 Mass spectrometry parameters of 6 sildenafil derivatives
st I3 ¥l £ B HsF ] (min) BEE - (m/z) W BT (m/z) g
N-Z5 P LG IR AR C,,H,yN,O,S 5.94 461.19626 283.11868",255.12376 [M+H]*
5 F AR AV s AR R C, HyNO5S, 6.69 477.17288 299.09586", 315.09033 [M+H]"
— LT CysHyNO,S 6.05 489.22803 283.1192", 34414856 [M+H]'
FEEEGAR S Py IR E CH;,NO,S, 6.65 521.19958 299.09589°, 327.12759 [M+H]*
AR SE P IR C3H;,N(O;S, 6.81 505.20401 299.09607°, 113.10741 [M+H]"
AR PG AR C,HyNO;S, 6.72 491.18918 341.14389",407.12027 [M+H]*
e E R BT
ddMS?; KA Fl: 100.0~1000.0 m/z; — 2% T % 5 9 100 7a |
A 70000 FWHM; [ sl ai il HAr s 740 (AGC 50 '
target): 1x10°% C-trap xR 7HE ABTE]: 200 ms; 25w 01 l
% 43 ¥ % 17500 FWHM; C-trap 15 K %5 5 ( AGC 10090 |
target) : 2x10°; C-trap #x K iFE ARTE]: 60 ms; IH—1k 301 |
il 43 i (NCE) : 20%/40%/60%:; 2 25 HE: 8.0 s. 04 '
Fe 2 I T 6 BRI HLIRAR T AR A 10 40 Tk, (B A 100 3¢ \
(] REES . W BRI D AR S R . » >0 A
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x=2Y 10 0
100 4 ¢
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BERIEAU EE MEE S I AT EE S . B AR
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YIS RE | B v R P AR R SR AE e - R R BT
ACEE AT ZE S35 b AR S BT R AN E 3, 2R
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& 2,
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The extracted ion chromatogram of quantitative ions of
six sildenafil derivatives
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Fig.2 Analysis of source of uncertainty in sildenafil derivatives

of oral liquid
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U (std) = =0.00250
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Table 3  Purity and uncertainty of standard materials

gy PREAH SR PR AR
(%) EEU(%) Tk (%) HiEE %)
N-ZHFEHIARAE 99,9 0.5
FHREFHATGHIBAE 99,9 0.5
ZHIETEHIARAE  99.8 0.5
PRI EVEHIITAE 98,5 0.5
TACZERHIRAE  99.6 0.5
AR PG AR 98.0 0.5

PRUER) BT

0.25 0.00250
0.25 0.00250
0.25 0.00250
0.25 0.00254
0.25 0.00251
0.25 0.00255

NS S EE S B S

222 FRAEMITE A5 AR
2221 HBESKAETIA RIS EAIES
RFNFRFRZS R, 1000 pL fe K 222 H+10.0 pL, 3% —
FOOI AT, IR A S | AR RR AR HEAS T 6
BE:

10
V6 x 1000

2.2.2.2 HEBMKHETIA  FrdE JIG 196-2006H
FHBE R R AR 2 IR ) P AAE 5 mL R (AP
22 H+0.020 mL, DL =M, & I F
k=6, W A= 2= 5 | ABIAEXT AN B2

0.02
V6x5

2223 HIEEHEINBIA Bl 1IG 209-2010{&FH
R E IR YT E 20 °C BsF A AR BRI ik 2R 5
S 1.2x107° C7, BEIE AR FRE BK 7T Z S AN, S5
FRBEIREE D SR RITE 2045 °C, #5953 A4,
TREE VS B | A BARRT AT 2 R

12x107

V3

BeHil 5 mL IR-EBRAEAT | ABIFRXT AN E R

U (Vsy) = =0.00408

um](stz) = =0.00163

Uy (sts) = =0.00069

U, (V) = \/5 XUg(Vs,) + (Vi) +6 Xy (Vs_s)?/5
=0.00188

2.2.3 Bl RIS UE TAE T ZE 08 7 | A AERT AN
AL ECHIARME TAER RS 1.2.1 [FI3, /i 200 pL
e 5 UK, 10 mL 22 5 Wk, T H 2 A X A
WARE B L3S 4, AR EAE AR Fi 4 iy
i, i N-Z5 H R IR ARAR v AR W A
5 LA BT ASTS 5 S A s

(V) = V5x0.00612° +5x0.000816° + 10 x 0.00069°
=0.01398
23 EFRERZS I N HRER
ATBER L N-25 PG AR g 491, X 5 A pRifiE T
VEINZRI BT PEA T 3 YCDUSE, TSP, LA TH
A Cy) FIARHEAR BE (¢, pg/L) 3% Mide /N "3tk 474U

R4 DRUERIOR R AR b R 28 S AR RER ANH €
Table 4 Relative uncertainty introduced by instruments during
standard solution dilution

CETTC O P SO A
200 uLE W AR (51K) +£3.0 uL %Og 2003:) 7 =0.00612
1000 WLESHEEH(6K)  +10.0 L % 100100:) —7 = 000408

SmL A% (1K) £0.020 mL &\%O 50;0?5 =0.00163
10 mL AR (57K)  +0.020 mL &\/20 18.2236 =0.000816

G, AR ULAR 5. UG pESREFNAE A 25 FH 2 P4 i
HRARFIIUTE ¢ 7 A BOPR AN E B

s(A) l+1
a N n .

>c-oy

1 © )
s(A) = \/EZ[Ai—(aCﬁ'b)]

P s(A) : BRIETE R T AL A PR MR 22 5 c: A
AR B TR R R, ¢=45.00 pg/L; C: bR R IVIE W
MPFIHe I, C=42 pg/Ls Az XFR IOWETATRY; a: £ (A1
V77 FRIIAEER, a=872031; C,;: FRUE R I M U)E ; b:
FRUE M ZAEE; N: AP T E PR, N=2; n: brifE
WM B IREL, n=3%5=15

435 v ,=0.21653.

ARXIAREAST E BE A
u, 021653
c 45.0

U =

=0.00481

U (c) =

K5 /N THEEIRIE LR

Table 5 Standard curve data by fitting least square curve

FREMZIR L c(pg/L) FREI By IEmIETrRE LRI R L
5 4421764
10 8835701
50 44072074 y=872031c+331764 1
100 88264579
200 174355919

24 HEMESINWENAHEE

SEEGAS FH I T 43 2 — RFARYEARME 1IG 1036-
2008 HL F IR - K6 s B AR ) v B 1 e R A 25
“A£0.0005 g, FREEE N 0.5 g, FREFER (—IREHK, —
UKFREE) LIFEIE A3 AR 1L, B RO e 225 | AMIAHRTAS

0.0005 \ .
BORE I H: ., (m) = 2><( ) =0.00082, #i%G
0.5% V3

KA1 ke 2 ik 5, 43 B J7 2 0.0001 g, 2 TE S
0.00005 g, #HETE AR T, B IRASESrHE 19| ABAH
XA E BE/NF ROV Fe 225 | AFHRS AN BE A 43
Z—, ZAE T W
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¥ ifi] UPLC-Q/Orbitrap HRMS 1% £§ i & 7 1IF
Fo, ALHRAARIT YRR T 2 A 7.0%(k=2), N
UPLC-Q/Orbitrap HRMS 1Y &85 | A B AHXTAS#f 58 JBF
U, (MS) =0.035,,
2.6 EWERHTHEEu.R)
SEINFRHEEE 9 1.0 mg/kg Y AR AL &6 BEAT
AT 6 Y 22, N-2% FH 3 78 M AR A i) SF- 24 [ R

90.2%, b7 HEAW 22 S~ 1.95, A X A 1 52 FE ua (R) =
S(R)
—— =0.00881,
V6 xR

FH ¢4 56 X M W R 7 B MR, o=

1100% | -
W, HX P=0.95, ﬁ t ’[ﬁ%@, t(0'05’5)12.571, EI]——L[

t{EH AT 2.571 B, RS 100% ﬁﬁ%ﬁ%ﬁ, gz
EF £ DOFETTAAR RS IESS R, RS
100% JC b P22 5, NI T4 s IE . TN
*Tﬁéun e N-Z25 B R P AR AR . 2 H ka4 P M IR
IR SESE P HLAIRAE | ARG
ZETLPGHARAR | HRACPE M ARAE Y ¢ (B 435N 1.75,
2.31.0.56, 1.97. 3.39, 1.11, A] I, *4%%%@1@%[335
T FLR FH BISCR A A IE, HiAy 5 b ST
L IE
2.7 FEHISIRZ B HHEE

ST TEARRY (W HGE, BER LSO (AN
CLFE PRI . E 2 45 i B P BE A LA, A0 2 B
Flo X E—IAREE S PATEAT 6 Wiz, A N-EH
FEPGHOARAE R 5], AHXT AN E BE Mu,. (A) = 0.00666 -
2.8 ARIRERTHEE

RS A XA i BE B B AR SR AN

B A
IJ(Xy_Jlm@wf+mﬂVJ+mme+mA®ﬁ
SE N g ) +u (MS) 4 (R) +u (A

=0.04106
29 EMY BAHEE
BAEHRTF =2(BFEHR N 95%), UPLC-Q/

Orbitrap HRMS 2l 5 IR H N-2 B LG i
AARX Y AN B : U,y = kx Uy (X) = 0.08213
210 ¥RAHEE

PR E U LA N-25 B 38 8 Hu I 4 sl
{E S HARX A U, 1155: U=0.90x0.08213=
0.07.

211 MAERFR
JFH UPLC-Q/Orbitrap HRMS ¥ ] 52 1 IR &
6 FhPY HBABAEfIT AR i & i, &5 R W3R 6, S5 AHXT R

T S (E AN A 3 . DA N-2< IR pE AR E A
151, Pi2s Ay X=(0.90+£0.07 ) mg/kg, k=2, %45
G URATHE S5 R VRORH €2 T - R G BT 1k I e A
B P MR S B Y 45 R A T ((0.927+
0.06) mg/kg, k=2) , i B UPLC-Q/Orbitrap HRMS
TRAEASNA R B PV S50 A ] S ol 5 WA 33 - H
R R % v AR U 5%, 45 F) T UPLC-Q/Orbitrap HRMS
AEAE E IS TAE P E—2E N .

WA B ua®R)

012+ EE u (MS) &3 u(m)
2 ool Sua©  EZug(V)
B 0T NS uu(Ve) 72 ugstd)
&R E
i
1
i
Z
Ay
=
Z

@@&ﬁﬂﬁxwﬁgﬁ*@@
G e e

K '&%ﬁ)}\» /Q \Kﬁ“ &ﬁ k)\\’
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K3 FREE T 6 FousARAERTAE YA AN E BE 23
Fig.3 Uncertainty components of six sildenafil derivatives
in oral liquid

3 %

AWFFE ST T BHZE A IR A s 6 AR
HUARAEATT A= AN AN 72 PR T ik, il A A

K6 AHERE T ELE S 6 R HUIBAEAT AR I AR E B 45 R

Table 6 Summary of each uncertainty component and uncertainty evaluation result for determination of six sildenafil derivatives

AN L3k

N-EHEPGHIRAE PGP P IE RSP SRS PHIRAE sATTHARE

Upel (std) 0.00250 0.00250
Urer (Vs)
Uret (V)
Ul (€) 0.00481 0.00445
Ure1 (M)
Ure] (MS)
Ut (R) 0.00881 0.01445
Urel (A) 0.00666 0.00840
A A AR E B 0.03970 0.04159
SEMAE (mg/kg) 0.90 1.04
VIR U (k=2, mg/kg) 0.07 0.09
WE L5 R (=2, mg/kg) 0.90+0.07 1.04+£0.09

0.00250 0.00254 0.00251 0.00255
0.00188
0.01398
0.00837 0.00669 0.00441 0.00343
0.00082
0.035
0.00837 0.00969 0.01041 0.00343
0.00587 0.00669 0.01441 0.00531
0.04007 0.04018 0.04203 0.03851
1.22 2.01 1.51 1.14
0.10 0.16 0.13 0.09
1.22+0.10 2.01+0.16 1.51+0.13 1.14+0.09
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W B R PR A S (B, A5 T R A E B
RSN EE SR o HEAA BT PO A A 2 BE 53 BRI
J& UPLC-Q/Orbitrap HRMS ¢ #§ (u.,(MS)). FrAER
WS (ua (V) G (0 (R) . BEHLZLNE (0. (A)),
Sy B EAK YR 0.035, 0.01398. 0.00343~0.01445,
0.00531~0.01441, 2/~ 0P8N G AE H A o A b
PRI EIA IR A O EL RS 1 RAREC, (7]
PSR S0 N DY PRAE, dl ek 2y T g i, Tk — 2
LRI ZE R T HEM:, RERARBT 22 4 XU o
&% 3k
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