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WE . AT S SO Rk — = E PR Tk B X (UPLC—MS/MS) Wil ik, T 2E50H
AL RR OB P ARE TR A AR IR BT A Y . IRRIRRIE A CIBHR I, R Agilent EC—C18 a4 (100
mm x 3.0 mm, 2.7 um) 555, PACTE —0.1% CRR/KIEWCA AR ST FEPERG, i 0.3 mL/min, 44 35
C, #EFEE 1 uL, BT AR A S IR B (EST), FE2 OV iR (MRM) T T e i, 454
TR 4 P HARIRIERATAE AR 0.1~ 10.0 pg/mL JE N &M REF (#>0.99), FidiBR4 0.015~0.018 ug/mL, &
HEH 0.045~0.055 pg/mL, FE MR (RSD B <4.0%), 7ETH A ERAURIWM SRR OB, i, A 3 M
RS S AEE S AR AE S BT A W), S R YEEITE 0.10 ~2.50 pg/mL 2 [A], [k, AFF5E#ENLH) UPLC-MS/
MS F 7 B B ) RSB0, RS RO M S s Ok P SRR Y, i A AR AL T &}
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Determination of novel sildenafil derivatives in functional beverages
using UPLC—-MS/MS

ZHANG Feng

(Environmental and Food and Drug Crime Investigation Detachment, Hangzhou Municipal Public

Security Bureau, Zhejiang Province, Hangzhou 310000)

Abstract; A method for the identification and quantification of illegally added novel sildenafil derivatives in functional
beverages using ultra—performance liquid chromatography—triple quadrupole mass spectrometry (UPLC-MS/MS) was
developed and validated. Functional beverage samples were extracted with acetonitrile and analyzed on an Agilent EC—
C18 column (100 mm x 3.0 mm, 2.7 um) under gradient elution with acetonitrile—0.1% acetic acid aqueous solution
at a flow rate of 0.3 mL/min. The column temperature was maintained at 35 C, and the injection volume was 1 pL.
Mass spectrometric detection was performed using electrospray ionization in positive mode (ESI*), with quantification
conducted in multiple reaction monitoring mode. The results showed that all four target sildenafil derivatives exhibited
good linearity within the range of 0.1 ~10.0 pg/mL (#>0.99). Limits of detection were 0.015 to 0.018 pg/mL and
limits of quantification were 0.045 to 0.055 pg/mL. The method demonstrated good repeatability (RSD<4.0%).

Analysis of five commercially available functional beverage samples revealed that three contained illegally added
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sildenafil derivatives, with concentrations ranging from 0.10 to 2.50 pug/mL. The developed UPLC—MS/MS method
was shown to be sensitive, and reliable for detecting illegally added sildenafil derivatives in functional beverages,

thereby providing strong support for food safety supervision.

Keywords : ultra—performance liquid chromatography—triple quadrupole mass spectrometry ; sildenafil derivatives ;

functional beverages; illegal additives; food safety
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Waters TQ—XS = = PR AT 7 AH B iE e A
Waters Oasis HLB 60 mg/3 mL [& #H 25 BUdE . 32
Waters /4] ;3 Agilent EC C18 4i4E (100 mm
x3.0 mm, 2.7 um) : & [E Agilent Technologies
/] s Branson CPX1800H #E S R $2 BN . EH
Branson /A 7] ;5 Eppendorf 5702 K3 &0 . f2[E
Eppendorf /4 %] 5 Organomation N—EVAP 112 (X
1. ZE[E Organomation 2\ 1,
1.2 ##5RH

H AR AR AR 20T A= W A o iy, 036 PE AR R
(CAS 5 139755-83-2), fhik$idE (CAS 5.
171596—29-5) . &k H1 A8 4F (CAS 5 224785—
90—4) PAJ 2 REEwiMbak PR, AEY >
98% : ZE[E Sigma—Aldrich A H] 5 0.1% LR /KIE
W (ral), ZBRABE (4 = 99.9%) « %
Sigma—Aldrich /A & ; HPLC gt HifiE (45 >
99.9%) . [ Thermo Fisher Scientific A& ; 4
i (L = 99.9%) . EE Merck 23],
1.3 A%
131 it

Agilent EC C;s ## (100 mm % 3.0 mm, 2.7
um) 5 WBIHHA L —0.1% LERIKIER, N
0.3 mL/min, #EJE k35 °C, #EEE N 1 ul, FREE
VAR F . 0~2 min, 90% 7K. 10% Z s 2~
8 min, 0% 7K, 100% & F§; 8~10 min, 0% 7K,
100% Z.l; 10~12min, 90% 7K. 10% ZI,
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RGN
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24 ME A #23 100% B, RREETUEV N+
ME fE/NT 100% 7R BB il 208, ME B KT
100% 7R B T H R A%
1.4 #HEALIE

¥ F SPSS26.0 % {4: (IBM Corp., Armonk,
NY, USA) #4750 ntr, FrAsEimER 3Kk,
SERABME + frifiim 2R, dE 25 R 3
KR 225017 (ANOVA) g7 S, B&E MK
XE N P<0.05,

2 ERE5SM
2.1 HETAMEEMAEE K
ASHEFEXAE A BT BEAS PR UEAT T 004k, DASR
i H AL G SR OICR I D B T 4. Bl
SR TE R AT 4 B HARABARRAT LW BRSPS ER
i (BFh 5.0 pg/mL) FERMAREER, SE—dE1THe
BOF TR R, ASE G PG A R 7 570 ) 42 BU
R, CHEPIFIRGE T A FAYLE R 5 5
SEBH LSRN . BIAR, 7E 2y JRA TR
TR A58 vh S B, 2 TR LR i 1 Y Ak
FRMAE T, BEE A RER = H AR A iR R
AR, B R R R A BEAT TR A BURCR
BRI P, AN, TR AR AL A P I
R EAE AR, KA AR A
Yy b SR IR B, (Bl TR AR, AT
BE S R YL T 22, R ISR T BTk
BHPARERAT AR T 5 P 2l LR S
FRVEATZEER, A DU REAS I /K TR R R T4,
(ERF A A v £ H AR BRI A B A
FUAESLELA b, BRI, XHHEE, K- &
. ZBRCTERIN NG 4 FhESIIEAT T IR, 4
(£ 1) UL R RS (85%), HAELFRL
R g/, R L e E 2B VR e AR U R, o —
YR T AR B YO P ARARE AT A M S B Y
ST S) R 2 ol R E TIPS i N
&1 ATRAEEMHRIMAL

Table 1 Optimization of pretreatment conditions

FEIUATH B /% ROV /% MR
M 85 10 0.00
R 65 40 —23.53%

K — 2 72 25 —15.29%

IR T 58 18 -31.76%
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Figure 1 Effects of different mobile phase systems on the
chromatogram behavior of target sildenafil derivatives
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(P ARAE, fhakfiidE, fRHARdE, L& H A
fllakfiAE) AR 2, TR Lk T R ok
KA, S5RER, X4 LAY AE0.1~10.0
ng/mL JEH N 2 R LIE R R (7>0.99),
HH LT AR A AR, AR I 2.

&2 BIIEEITEYMMZE MR RIEE

Table 2 Linearity and range of target sildenafil

derivatives
_ i I 2 [l . .
e ERARE e s s
g
FaHBARAE Y=10012X + 11 0.997 0.1~10.0
ft k4 9k ¥=9805X + 9 0.998 0.1~10.0
fRHBARE Y=10230X + 15 0.996 0.1~10.0
AR
Y=9950X + 8 0.999 0.1~10.0
i ’

24 BFRBIERITEMRIRHIR,. EERIEEE
W E T 77 kA R (LOD) Al
IR (LOQ), il T Ik REUZ, AH#E
(RSD) MIMERAE ., 45RFH], KR 0.02 pg/
mL, JEEFRA 0.05 pg/mL, HEERL, X5
w2z (RSD) /NTF 4.0%, HAHHREILE 3.

#3 BEREPIERTEYHRER. EERIIBEE
Table 3 Limits of detection, limits of quantification and

precision of target sildenafil derivatives

Kz R ERR e o
A4 2Fk /(ug/mL) /(ugfmL) FEEE 1%
PUHLARE 0.015 0.045 3.8
bkt Ak 0.018 0.055 3.5
R AR 0.016 0.050 3.7
Y~ PN g
0.017 0.052 3.6
KRR

25 HmilER

X T 37 L REALR W A 2 BE YR A adE AT T4
W, SR ER, A3 AR PR TR
RAEZEH AT ALY, & R EHTE 0.10~2.50 pg/mL
ZIa), AN B ARARATAE Y B HAH AR B LR 4,
HAARIMZR AR S,
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Table 4 Detected sildenafil analogs and relevant

information
. IR PREEWIE BT TET
WAL mol) /min (m/z)  (mlz)
LR E] 474.6 7.2 4752 58.1
fhikFrdE 389.4 9.1 390.1 135.1
fRHbABHE 488.6 8.5 489.2 151.1
AR
452. . 453. 135.1
o 52.6 8.9 533 35

RS INEEREIEEGRAPARIER T RITE YR MIZE R
(391 + tRAEIR)
Table 5 Detection results of novel sildenafil analogs in
functional beverage samples (Mean * SE)

Fef AR RRIIEER . LODs  LOQs
g af (gl O mL) (gL
P =ysv oy
BE 1 Ijii“/:}‘ 0154001 fbikfidE  0.02 0.05
HIREIKR AR
2 2.5040.12 0.02 0.05
Bz e 2900
ob b
FES 3 Ijijbé* Frath % 0.02 0.05
. HIREIR LA
W4 0.10+0.01 0.02 0.05
R
ob b
BN S IjﬁbE“‘ FH % 0.02 0.05
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AHFFE S T —Fp AT UPLC-MS/MS 15
WF7yk, HT SRR RO B Y
AR AT AE Y, W RGN A AT b AR
B o B A RN TS A I S 8, %O R TE R
FE. WERR AR E T T SR . FEEM
45 . 4 Fh B ARIRERAT A 7E 0.1~10.0 pg/mL
VEE P 4 BB (7>0.99) 5 LOD % 0.015~
0.018 pg/mL, LOQ Jy 0.045~0.055 pg/mL ; i
PB4, RSD #/NhT 4.0% 5 TEREHLRIGR S EETR
B, A 3 R A AR AT A AR RS
BT Y, S RIEEAE 0.10~2.50 ng/mL Z [H],

TEABFFEH, TN [R] 25 B R B J5T 35 1Y) 52
W d 2, SEEGSE SRR, CREENTRBE I,
EE A B/ (ME B4 90%) , T H B B s
RN Bk (ME B 60%) . 2007 5 R B4 45
PAFILAS T : B, CREttE, BEsA Ak
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B REYOR R R IS b B R A
ZRHY LR, PR AL KT FELE 55 L B AR A A
HFER B 5 T ARG, PR R BRI
B, EABERGES HisMbEY s i, &
HOE TRV SE B, KR, CREEA BRARHY
REBEMUBSRIN 22 KAE R, A BT 32 e v i iy
FABEMBE TR, AMEEE B st &Y
fESmR B, i, AR T HIMEEY
AR U R, A R AR T RO, fife T
A RABERER . ARFRESR S EA X
B E— 2, IR T S AEE AR B TR i
S R R B2,

5 IA SCERAE He, A58 07 IR A RIBUE A
BV BA SR, fin, &FRSEP R
UPLC—MS/MS £ Il B 25 Y AR i,
LOD 4 0.021 pg/mL, LOQ *} 0.053 pg/mL, #H
2, AWHFERRIN 7 v 4E LOD Al LOQ J7 i
WA iR E . MAh, MEDHSE P AERT S R ],
UPLC-MS/MS HA = 1 RBUE RT3
TSI T, BT — 2Rk T %
FEARTE D REYORHARA B INIASI H B BL A 7

RHPFREZTIAET I L T @z, R
g HLERG 1) UPLC-MS/MS £l 75 %, RESA 3K
A By BE VOB P RIS I A IR AR B U AT AR
T AR AT AL BEAD BTG AT 250, AT IR
{38 F1 T LOD F1 LOQ, 42 1Al iy 5 1k
TIERE . DHRE R R M EmE it TR
e, ABT AR P AR, A, A
WHFtdER 1 T3 LA S RE YR AE ARTA IS AR
FERAT AR BT, SR T 05 T 3 M AR AR
R ZE 20,

A AT FEAE A I 2 BE YO R AR A Y
ARAE ISR BT A T S T B OR, B
FE— LR BRE, EOL, AR A RE LR W T
AN, RAEAREA R, AREsEe R LT
AIREVCRHIIG DL, FR, ARBIR ST 2B RS TL A
Fe g ARARRATAE Y, RORFEY RANTEH,
e 2 AR MR, s, REARIE
TESCI B AT TR, BAESL RN AT BE
Tl A2 R B o T AR A AL BRI R, AT, R
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