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[1. Mg & i a7 2 BRI B, I 430075; 2. AT WE B ALRE
(SR i AR E IR A), BRI 430075; 3. WJLATE2 AL, B 430065]

W OE: BEY R PR RS O A PSR R P R ER R 5 U R (phosphodiesterase
type 5 inhibitors, PDE-5i), #filFH: A & BLAG B R AR phas i o d sy e R ik sk SR maos Al ik
DU AT-"KAT B B B 1%/ (ultra performance liquid chromatography coupled with quadrupole-time-of-flight mass
spectrometry, UPLC-Q-TOF/MS)%¥ 20 HEUR PR E S AR BRI it AT B & R0 i i s, 78 2 b s R
H S B — A B AR IR AR 25 o 25 G Tb B Y T A L S A LR I 1% (nuclear magnetic resonance
spectrometry, NMR)X ARHNP L5 EATHAIE . R = A0 €233 - = 5 DU %5 (ultra performance liquid
chromatography-coupled triple quadrupole mass spectrometry, UPLC-MS/MS)#E vz, T HL 5 £ i 56 5 R A 1) 5
k. R RMYBRIE Sy O-TNE R IEARHIRAE . %W BTV A i A BE BT VC 7 il 4R £ 2~100 ng/mL
JREHREE L N A R R, HCRBG)KRT 0.995, #Hi RN 0.05 mg/kg, EEEA 0.10 mg/kg, TERFE A
POBE. TR R L RGBSR 3 AOKP AR BICR Ty 94.45%~104.16%, A XA HE fii 2% (relative standard
deviation, RSD) A 0.70%~4.02% - 2R 12 5 72:045 2 St vk BH AR A O-PR R SRR AR A A & 43 31 h 22.0 mg/kg
13.8 glkg. &€ A BE TN IR PR A, FHT O-PY BRI AR AR Ay o A6 D R 2
R WER . ADEFE N B R ARSI R GE AR UE R E S ER AL TR L S SR

KR DU AT SRR, s ARIREIN; O-TH R B AR AR
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ABSTRACT: Objective To rapid screen phosphodiesterase type 5 inhibitor (PDE-5i) in aphrodisiac dietary
supplement with high-resolution mass spectrometer, identify the novel illegal additives found in those food matrices,
and establish a quantitative detection method. Methods A new vardenafil analog was identified in 2 batches of
pressed candies during routine non-targeted screening illegal additives in 20 batches of dietary supplement by ultra
performance liquid chromatography coupled with quadrupole-time-of-flight mass spectrometry (UPLC-Q-TOF/MS).
The structure of the unknown compound was identified by the combination of the fragmentation law of mass
spectrum and nuclear magnetic resonance spectrum (NMR). A quantitative method for the determination of unknown
compound in typical food matrices was developed by ultra performance liquid chromatography-coupled triple
quadrupole mass spectrometry (UPLC-MS/MS). Results The unknown compound was identified as O-propyl
hydroxyvardenafil. Sufficient linearity (range 2—-100 ng/mL) in matrix matched and solvent calibrations were
obtained with correlation coefficient (+*)>0.995. The limits of detection and quantification for the compounds were
0.05 mg/kg and 0.10 mg/kg, respectively. In solid beverages, pressed candies and jellies, recoveries of this compound
were ranged from 94.45 to 104.16% with relative standard deviation (RSD) of 0.70%-4.02% in 3 different spiking
levels. The content of O-propyl hydroxyvardenafil in 2 batches of positive real samples was 22 mg/kg and 13.8 g/kg,
respectively. Conclusion This method is suitable for the rapid screening of nafil analogs in food matrices and its
application to the quantitative determination of O-propyl hydroxyvardenafil is highly effective, sensitive and accurate.
This study provides a reference model for the systematic identification and quantitative study of illegal additives in
food matrices.

KEY WORDS: rapid screening; structural identification; quantitative determination; illegal additives; O-propyl

hydroxyvardenafil
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0 51 & ARARVAE 1 SCHRAS T AR I o ok S R R R AL A )

VEHBARAE | Ak ARAE | AR HBAREFBT (R AR AR 2 H fif 3¢
& 25 RN AT, W AE IR YT 5B M 3 ) BE B AR (erectile
dysfunction, ED)¥ 4 MECRIZGMN, EPEHUARAE . fhikpdE
ABRACAEAR LG, RHbARAE R . Wbk L T 32 AT
Lok, ST, R ARAE K KLY F R s 3|
TREETT . AR . B SEaLR T 1 hisr
ED b 5252 —, ESRARHIAR AR M AR X4 4k e — 2, {1
AR NN B R KUt R AR A, # B (AR
LA 524k )45 50 S0, HOFARE N T k24
57 BB B s & i b, R T & R S e
HCH:FH2E Y BT 7R, H 2009 4ELAE, 6 E W43 a5
T —RHFNFER BT 1 (BIS 201601 £ 5y ABAE My 5 i
TE ). BIS 201704 £l o 25 B Atk hr A Fam 4 74 Hb
BRI E 1 A0 A a3 - R Bk vk )L BIS 201805¢ &
i FPARAEZE M I I E ) S M TR 90 ZRIRAESAT
AR DN AE o 33K Ty 3 T vy s R S e A R D ) 1 M A
AL T AR AR . o T kR, PRk
WAL G Y0 T BodL Ae AN W AU 90 Qi 48k, ¥
PR B S R VS I ) R AR Ak G o 48 A T R A A
B 1 2 R IR A8 5 D 56 G b IR T ) | N2 R D A R L 3

2 H DL A BEER — TR 5 BB 77 (phosphodiesterase type
5 inhibitors, PDE-5i)HEA7 {7 45 4) g it 48 1 i 45 2] ) 37
AW, BRI EU R, W RSB AN B S,
AT BEXS VH 2% & 1 LA A o [RIAT, s e ) o AN 78 [ K b
FER I IR R TR N, KA AT A A CAS
5, B AN AT IR SRR B AR e, TR SL R R, T
Y W A R SR T R R BRI

164 R 1k, BT R OR R A R B AR R 0 4 5 I
AT Rk SRR AR O, R Stk g R Ak S i 4 B
. WIE . EETEF AT . REENSNRIE T
b IR, R R T R R AR Ak A A ) ST
TR RE ) LR RZX F i IE B2 CEE . AU E e
B e P e 2 p Sk, XER AR S S Y B
TERREAEEEAT T 0 B8, IR T E T BB
[RIARAE B A R AT | 88 15 Rk, Xkt it it
A1 7 T4y e vl B AR e 0 A U AL A
BRI, ARCHE Y, T AR X ik
ATHRUE; 252 A Hb G 4 W0 38 B3 43 B 3 5 A W 3R AE 1Y
O AT MR, T, R FIRRE S S0 BRSO
. REL. MERTTREE R L, BT SRR R AR A
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b, FELL EATSEREBRIOAE 8, AR RE AR kA
ORG24 5 W S 3 20 HEUCOR e £l EA 7 1 4 10 i £
R AR AR K S ARI ) 53 70 0 2R O ML P A
P B AZ G P T i AT 8 31 £ — 7 B A 1 S g —o-
AR HIR AR o fe ), FI SR IR Ai AL B X IR, ST
TEGIETTR O- N IE IR A€ A I )y 1%, g
IR T HOR S

1 MR5ERE

1.1 MRS

FEA TR TR A A4 - B WS PR, 7% 9 it
WIERBER . 6 HEKEARTCRIRT 5 SR, 22T e
JBE# (Silica gel 60 F254, i [E Merck 2~ wl); FEJZHT ALK CRL
12 37~48 um, F BT ).

BHARAE(ZEEE 99.7%) . D ARHBARAE (AL 99.0%) (!
B £ 2 A E P BE ), IR MRl | N-25 2 34 R
Ik R NS RHIRIE R Ak . N-K ZFEN-
SRR . ARMBARAEDR RN . FRIEmi A AR E . 8
SRR . L BRI . AR S IR . 1R
HO AR JE R TERL 24 0T (4l 98.0%, KB /RESRIHA R
"), O-INFER AR L 99.0%)M Xt 484U A Ak
(4% 98.6%)" (A ).

N B (GI%aE, fEE Merck A H]); HER(E %4,
BT T AR A A BRA FD); LBROHR . ATk
SO pra, EE 254 AR A BR A R, A
WP i (hexadeuterodimethylsulfoxide, DMSO-dq, 4l 99%,
¥ Sigma-Aldrich 5 5 A R H); 5256 /KB B AlK
1.2 UE5EE

Triple TOF™ 5600 5 4 HHBAH €43 & A 7Bt fe] JS 4%
TRIPLE QUAD™ 5500- ¥ A o 3 55 16 T 3% 1% (FC &
ExionLC Z 41l 8 = JORAH €% ) (35 AB Sciex 23 );
ACQUITY UPLC® BEH Cis f5i841(2.1 mmx100 mm, 1.7
pum)( IR AR AT BRZS FD); Ascend ™ 600 MHz 4405
A B A% W LRI G L Bruker /A A)); AL (S mm, £
Norell /A 7); ME204 # B F 47 K F-(15 2 0.1 mg, Fhit
Mettler Toledo 3 l); HEI VAP Jig#%2& & L (& E Heidolph
GmbH A #]); 230 Volt IRHENRZ: #4(35E Talboys A #]); S
180 H 8 A I iH BE AN (15 Elma 23 7)); Centrifuge5810 i
%33 2 ML (18 [E Eppendorf /A #]); CRV prod SZI8 = jig i
2R (L1 Welch 454 BRAF]); ZF-20D B5Hi RSNt
A F ¥ LR RS ) e
1.3 WA

1.3.1 HHRIERE &
B AhIE o, RS, WK T, PRI g CRiffl

%0.001 g), BT S0 mLARMA, InHEKERA:L, V2V,
TRED)ER, #BARE 15 min, B ZE R, P KRR
ERBZE, B4, B0 5 min, BRI R A NI
ThuE, SRR, MR S R vk R R KV E A RE,
H.
1.3.2 fakAfdef O-" k2K X AR AE 2 B ot ) &
FRELZ) 50 g PHPERESRS T 500 mL RRESR T, 43 3
PRI 180 mL HEET PHAEAE & AP AT A TR B,
BRR R IR 10 min, IR BEYRY S min, 3700 r/min B
O 5Smin 7, M. FEERA I LR IRFEEL 10 mL
J&, BRI A b T, G R EATRE AR SR,
TIEFERLEAMI T 254 nm AMBRIASS BT, W47,
SRAEE AT I T AR S R, 2 SR AT R

fi, 15351 O-NHFRSLAR AR EX HE A (LUEE 98.8%)%4 300 mg.
Xof Bty P T A MR 1 A i TR o

133 O-/& A 7 A AR 30 AR AE 2 B 50 AR 3 AR 3F A0 4 A7
VR IR

PRE R A W MERA PREL O-TA 5574 FE AR S -IF %o B
10 mg T 50 mL HIEEH, B BOE B,
W7 2 100 mL A SR P e & B 208, $857, Be
BB iR 20 100 pg/mL b3 E Gl 45 W .—4 °CRELIEAF,
#H .

BRAfErP I VA B BOPRUE A 25 1 mL T 100 mL %¥
s, HPEKEBCESZZIE, A, Bk
BEN 1 pg/mL ARAEH A LA . —4 °CREGI AR, &,

FRAOVORUE TAEWR: 23 ) Em o JBOhR o vh () i,
PR K VA TR B 0 25 AR AR S =D, $850, B
R4 3k 2. 5. 10, 20, 50 I 100 ng/mL 1 & 55
HELAEW . I FH BT .

Fi BRI A O- PN FR L A AR AR XS i i B I vE 45 15
PR AR AR AP LR, R A S 5 i 021555 58 B8 1) 25 5
VEFEA I8 I VR B A T 05 20 B BT D i o0, T Sy AR
TRARZE AR P i 0 I
134 MBELEH

(1) s R 5 3% - DU AR - A 7 I TR BT 34 ) 247

B A W M 8 3% (ultra  performance  liquid
chromatography, UPLC)%%f4:: ACQUITY UPLC® BEH Cg
3R (2.1 mmx100 mm, 1.7 pm), FEIAH: 0.1%F FZ-/K(A)
MZJEB), Wk: 0.3 mL/min, FFFEARRL: 2 uL, -
35 °C., WA 231 B2 VR LR : 0~1.0 min, 90% A; 1.0~15.0
min, 90% A~25% A; 15.0~17.0 min, 25% A; 17.0~17.1 min,
25% A~90% A; 17.1~20.0 min, 90% A,

VU AT %47 B 18] i 3% (quadrupole-time-of-flight mass
spectrometry, Q-TOF/MS)Z&{4: HLMESE B 1, IF B F 4
3 HWIE L 5500 V; KA AEST: 35 psi; BALSRETD:
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55 psi; HEBYRE ST 55 psi; BRI 500 °C; 444
— G T R R TR 5 AR SR AR YR 430 A 50~1000 Dea,
100~1000 Da,

Q) B AR A R P i S

S A8 B i 7R e A% G 3 4R 3 335 (nuclear magnetic
resonance spectrometry, NMR)HEATEHE R4, B O-NHE=2
FARHIRAEXT B 5L 49 10 mg, % T DMSO-dg ', A DMSO
TG EFR(Sy 2.50, & 39.52), 'H A *C NMR 1) ARSI
53914 600.13 Hz 1 150.95 MHz, SZERIRE N 25 °C, 15456
43514 9615.4 Hz 1 27173.9 Hz, FAZ B THI G E(HSQO)
Mo Z B K% (HMBC) £ 5 4r ) R M
HSQCEDETGPSISP2.3 il HMBCGPLPNDQF F# Jik i
J¥. HSQC {9 F, 4(‘"H)F1 F, 4E(PC)is 554351k 9615.4 Hz
F127173.9 Hz, HMBC ) F, 4E("H)F Fy 4E(PC)i 5543 3 A
8771.9 Hz #1 27173.9 Hz; HSQC 1 HMBC )R AR S 14
Y 6x6=1024x512, MBI H 8.

(3) B BB AR T - R B B A S5 1

O3 SRRV R LASE, A3 1.3.4(1)PRFF—
BB VE R AR F : 0~0.5 min, 90% A; 0.5~1.5 min, 90%~5%
A; 1.5~3.0 min, 5% A; 3.0~3.1 min, 5%~90% A; 3.1~5.0 min,
90% A, FRELAME: 5 1340 REF—8 HEas 7t
g m/z 519.4/151.2, EMERETFXN m/z 519.4/299.2,
1.3.5 Ar/f W& BT

TERTIE M, B BRkN (matrix effect, ME)SS 25 &
TR FIER M . BRI BHR BRI IA RN A R
(g MEPH, fin 2 (R BRE dh HPoIA R BRI, B A4, 75
FIFETHRIOR, W IARE A IR BB A5 2. 5.
10, 20. 50. 100 ng/mL (¥R TAIN, 4X0(1)TH55 ME:

ME/%:(%—l)x 100% (1)
1

o by VR HE R AR ky R BT bR 2l 32

3 3 AR T B oA 1 R R R R MV VR T R R
I, RIEM ME OFRE . % ME NIFIE, FRIE7EsLmig
SRALN; ME NH(E, FRnfAAESEflay; ME|<20%,
F7™ ME 855 ,
1.3.6 4 & fRfeZ 2R

FEEARYORE . e 7 SR AR R 1 23 11 SR R i v 40 )
INA—E R IR TR, 5 1.3.2 TR IEALBE, 1.3.43)T
HREE, TR 3 55t (signal to noise, S/N)FEEIH: T
FR (limits of detection, LODs), #iBZE 10 fif S/N 15 51 £ fR
(limits of quantification, LOQs),
1.3.7 ©=FE e E

S BB EAORE B B R AR R 2 B BRI A,
IAGE BEFRUE TR, SEmbR BTk BER B ik 1 5
R 2 R . 10 R 3 AN EIKCE, BEANKOE
SEATHIAE 6 (HE, ¥ 1.3.403) WU IERAE, THE AL IR

FOAERA B .
1.4 HIEAIE

K Analyst TF 1.8.1 #4173 44 R 48, Library View
HEAT R 3% @ %, PeakView®™ 2.2 HEAT E Tk B > AT,
MultiQuant 3.0.2 47 7& i #diz /34 . R TopSpin 3.5 i
1T G805 R 45, Mestrenova 9.0 #4715 & 40 #1; R H
Origin 2021 % ChemDraw 2014 % &%,

2 FER5HH

2.1 & ARER L A4 UPLC-Q-TOF/MS EEHER
VS aE Ay FIRES 2

$e 1.3.4(0) I 5 RS 15 FRbIRAE SR i
o v it O R TS R, R AR IR Al R L i rhy
PEXHFR. CAS 5. o Fa. REEHE ., B, FH
FHETERBIEENMTE 1 s, AE 1 EETE
T BRISCHRIS 20022 0] LR A AR AR IR A
Jo i S — LA DA e AR AR K I 4 R
A m/z 151.08 FRFIEIE R B8 0% QBB R AR AR LASE,
Jt A AR AR A B AL Y A 8 2 55 B 5 Tk Tk e ok e e
A L2 R, T m/z 312.15 (0-2.3%)%
326.17 (O-NIEALHARAR) B 328. 13 R ILHA R HAR AR )47
TERE R85 DA RRRIE R 8 ik — 25 kA 05 S e S 0k
Tk e 38 2 1) DR 0T i, m/z 284,12 FHES - [ | 2%, mli7E 95 3
Jot SR S Tk R T 4 Ll 1 R A SR Ak, T m/z 299.11 FRAERE
HET; @ m/z 284.12 #k—4 kAWM IR 2R, B
BEAT R 151.08 AUHRAERE A B 7. 3T UL B RiEEE
2R RSB % S A A AT, TR R AR AR AR AT AE P 1
Oy T EE R A3 M A

2.2 UPLC-Q-TOF/MS E#B[E) G E &R 94T

P BR 131 WO st 20 HER AR AE & S AT T AL B,
S:F UPLC-Q-TOF/MS RAHEIOR I B i 5icdls . 28 DT e
Fb AT R A H B v 5 92380 5 4 90 ROy B % [ i o vh
KB LAY . 78 UPLC(A 1a)yH {3 B mfa] Yy 7.098 min Ab
HB I {5 R, — 2R IR 3R B A2 A7 A ) O 1Y o
AFEFIER m/z 519.2380 ([M+H]Y) (Bl 1b). i#E—44%
MriE | B F 1 o BT (] 1e) ke B9 o HL A (R R
W o A F 85 5 m/z 151.0858, 284.1258, 454
2.1 TG AR LA S HTAIF ST, 4 R 4 b A R Al
KRG . m/z 376.1070, 326.1736 Jy O-F AL AL HLARE
A ARRAE R R 2027 it — 2 R MR 1 R O- A AR AR I
A RAPIUED T F 0% m/iz 519.2380 Lk O-AfLAR
HIBAE m/z 503.2466 £ 15.9914, FHRMY L O-P 1R
WHRAEZ — AR, 45A PSS B0k T 8 1) 4> F
A CoyH3sNeOsS ™
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Table 1 Basic information of 15 kinds of vardenafil and its analogs

(Rt B e T BT L

AR YL AR CAS & Vinsi:t . FEF B H (m/z, Da)SEMI{E
/min  (m/z, Da)Fig{H
i 489.2278, 312.1581, 299.1139,
fRHbARAE vardenafil 224785-90-4 CyuHuNgO,S  7.72 489.2279 2841268, 151.0866
PhEARAE pseudovardenafil 224788-34-5 CpHyN;0,8  10.11 460.2013 460.2011, 312.1581,299.1139,

284.1268, 256.0955, 151.0866
BRI HIRE hydroxyvardenafil ~ 224785-98-2 CuHypNOsS  5.89 5052228 505.2225,312.1581,299.1139, 151.0866

461.1968, 312.1581, 299.1139,
284.1268, 151.0866

R R A vardenafil N-oxide 448184-48-3  CpHuNOsS  6.13 5052228  505.2239,312.1581,299.1139, 151.0866

835.3011, 489.2300, 377.1298, 312.158,
299.1134,283.1195, 151.0866

475.2120, 376.1067, 312.1581,

N-Z ZHARHARAE N-desethylvardenafil ~ 448184-46-1 CyHyNsO,S  5.90 461.1966

IR R A vardenafil dimer 1255919-03-9 C3gHyNjOsS,  10.26 835.3014
N-%ZJEN N-desethyl-N-methylvarde

HAR IR nafil 224785879 CuluNeO,S 3,93 4752122 299.1139, 284.1268, 151.0866
. e N 475.1760, 377.1300, 312.1581
4 /—‘ u -3 _ _ £ ) )
fRHIRIESAICIRE  vardenafil oxopiperazine 448184-58-5  CyHyNoOsS — 7.36 475.1758 2001139, 284.1268, 1510866
FRIHAARHARIE  hydroxythiovardenafil ~ 912576-30-8 CpHiNgO.S,  7.85 521.1999 521'2001’328'1135; (3)550910’ 299.0961,
ARSI ARE norneovardenafil 358390-39-3  CgHoN,Os 668 357.1557 357.1565, 312591 }é‘é‘é’ 300.0853,
e 4672770, 341.1608, 325.1295,
LAk HARAE acetylvardenafil 1261351-28-3  C,5H34NeO5 6.60 467.2765 2971346, 2841268, 151.0866
FRHARAE 2k 438.2505, 353.1600, 341.1608
SR vardenafil acetyl analogue N/A Cp4H3N505 542 438.2500 325.1295, 297.1346, 151.0866
e e e vordenafil desulfonyl 5 000 513 CtN,0; 1232 313.1659 313.1654, 284.1265, 256.0960,
impurity 151.0858
P 462.1807, 434.1496, 312.1570,
XERMEHARE  p-oxo-pseudovardenafil  224788-36-7 CyHpyNsOsS  8.07 462.1807 200,113, 284.1259, 1510854
. 503.2446, 376.1090, 326.1750,
O-NIEHHARAE O-propyl vardenafil ~ 2840532-32-1 CyH3NsO,S  6.99 503.2446 2991148, 284.1300, 1510864
T N/A FR KRB RFIYIR A CAS 5154
a 100 r b 519.2380
< 80} 7.098 =1% ‘
@ 60| % 60
g 407 = 40 520.2439
= Eap | ) mam oy
0 25 50 75 100 125 150 175 200 519.0 519.5 520.0 520.5 521.0 521.5 522.0 522.5
A4 B3 15t 8] /min ST Eb(m/z)
c (o]
100 |
1o ™
80 |
o
H = H A
© o 0 N
5 60 | S >/ \],N /
+H_
& 376]070
juang
=
or V S 9
501.228
151.0858
1 EL \N/Ké
+ 391. 1429
99.0914 284.1258 /I [
0 L i i
50 100 150 200 250 300 350 400 450 500 550

JEAf b (m/z)
BT R AR AR A AR BB TR (a), 75 20— R 1] () R — 2% i 4 (c)

Fig.1 Extracted ion chromatogram (a), high resolution primary mass spectrum (b) and secondary mass spectrum (c) of vardenafil analog in the sample
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2.3 NMR ZHHBIES

1.3.2 5 B il £ B0 AT BEAR HUIR A1 25 Uy 3t BB S i TH
NMR & 2a)7n 34 AN TR, Hd 2 MEREATEE) .
2AEEFI(=EE), | DNPRERE), 12 MEREEE
), PIXFEE 8 AMXIFRIE H R (BRIg) . 4 N S i)
1A 1,2,4-=BUCERR R 75 5. M H NMR 3% 55
Al 25 R BT A 443 W LRI 5 B BURT LU S8 e M
A2 IENSEE, 1ASHEE, PIXT 2 A% B0 B LA 2 M6 TR
A M SCERAH OB S B2 5, WXL 8 AN)XFFRAE
FEITJE MR IR, | AN IR EUON RS T A0, 1A
FHEAP0, BC NMR #E(F 2b) R 22 MLk, Hdhgs
FEDXCRIGEIE XA 114, TURERIRZE A X R, 2 Xk A5 5 AH
HEZ, SEMTE 0T (CauHsgNOsS)W) f o HE—
55 5 R R R A DG (HSQO) Fi 53 % 22 B AR OC 3%
(HMBC)F] LB #fifi i 5 @R Z M E S R &80
TR AR — 2 S 25 0, M iz BRGSO &
FRAARMARAE, B O-INEARMARIEIREIA F I L EA 7 2
PR MRE], O-SARHIRIE(E 3a)Fl O-TN ISR
TR 3b)Z5k R LI 3. O-NFEARHIARAE R "TH NMR | *C

NMR Fl O-NILEIEARMIRIER "H NMR, PC NMR,
DEPT135, HSQC. HMBC 1) &8 £ 5 T3 2.
2.4 UPLC-MS/MS #3075 58932 31

HA, FENSNATE AL A RARE R AN TR 3y v vh
KA O-NFEFRILAIATAERAGIN %, Iy O-h3k
FRILARIIRAR A A ik, BARRE S Hi T i
241 AFEBERLETLE

Y 1.3 WS s Jrik, DAEGE I A AR, O-1H
J 0 FE AR bR I I A U B (ng/mL) Ry R A A 1E AT 4R P [l
M. fERARTRE . . R B 3 M s L,
H AR b4 10 10 5 b o 1 2 RBR o T AR 28 &% ME 115
SRR 3. SR BN 3 FhIL T AE—E ME, [FIARTK
B ME A58, (HAE SRS N (ME|<20%), 4R
FH P B VA 0K 25 11 L SRR B S0 %05, T80 AT T ok
$5 o A T A, R R AR v 2 R AT A
S E RN . T UL B, O R ST I T A A 3t
JEASREAC T A AR, DR TG B0 B PR S, 7E R
Ab 5 AT A RN B FRBEAL ME, W] AR 4 S
o SR P SR ME T AR IR 7

N
a @ Q8888 K=xIBNFJOBERITE 328 e € e 66 e et e
Z LXRAR =ZIIXBITmANSES FGF @negnSohans 9 8988 =R§%=8]
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Fig.2 'HNMR (a) and >°C NMR (b) spectra of O-propyl hydroxyvardenafil
a b
29 27 2 10 A Q0
28
Ny L0 _A3 Ny 28
Tl YT "
25 ™~ 13 . N 25
24/ o, N 1 24 /g
O 16
20 22 12 12
17 1 O/\/ 11
21
18 13 13

3 O-NIEMHIIRAR () F O-PH A FE AR (b) Ry 2 #y =X

Fig.3

Structure of O-propyl vardenafil (a) and O-propyl hydroxyvardenafil (b)



5521 1 Hav, & RMEaihh O-NER AR A PRI Ar . B UE A2 2 19
F2 O-AEMLMAIEF O-AEREKMAIEN NMR KRR
Table 2 NMR data assignment of O-propyl vardenafil and O-propyl hydroxyvardenafil
BT O- AL AR Ak O- NI EEFE AR AR AR
i 'H (Sw/ppm) B3C (dc/ppm) 'H (dw/ppm) B3C (dc/ppm) HSQC HMBC
1 / 144.41 / 144.07 / H-11/H-12
3 / 137.63 / 137.18 / H-10
4 / 155.05 / 155.51 / H-10 (weak)
5 11.66 (1H, brs) / 11.55 (1H, brs) / / /
6 / 146.13 / 146.63 / H-15/H-18 (weak)
9 / 113.68 / 113.77 / H-10
10 2.48 (3H, ) 14.19 2.48 (3H, 5) 14.18 H10-C10 /
11 2.82 (2H, t,J="7.44 Hz) 27.13 281 2H,t,J=744Hz)  27.11 H-11/C-11 H-12/H-13
12 1.74~1.69 (2H, m) 2025 1.75~1.68 (2H, m) 21.73 H-12/C-12 H-11/H-13
13 0.94~0.90 (3H, m) 13.69 0.94~0.90 (3H, m) 10.29 H-13/C-13 H-11/H-12
14 / 121.01 / 121.37 / H-18
15 7.86~7.83 (1H, m) 130.04 7.85~7.84 (1H, m) 130.07 H-15/C-15 H-17
16 / 125.97 / 125.77 / H-18/H-15(weak)/H-17 (weak)
17 7.86~7.83 (1H, m) 132.18 7.85~7.84 (1H, m) 132.01 H-17/C-17 H-15
18 7.39 (1H, d,J=8.76 Hz) 113.17 739 (1H,d,J=924Hz)  113.12 H-18/C-18 H-17 (weak)
19 / 160.35 / 160.32 / H-17/H-18 (weak)/H-15/H-20
20 4.11 (2H,t,J=6.30 Hz) 70.39 4.10(2H,t,J=630Hz)  70.33 H-20/C-20 H-21/H-22
21 1.74~1.69 (2H, m) 21.76 1.75~1.68 (2H, m) 21.73 H-21/H-21 H-20/H-22
22 0.94~0.90 (3H, m) 1031 0.94~0.90 (3H, m) 10.29 H-22/C-22 H-20/H-21
24/28 2.89 (4H, brs) 4592 2.88 (4H, brs) 45.90 ?{22‘;//%22‘; H-25/H-27
25/27 2.41 (4H, brs) 51.21 2.48 (4H, brs) 51.96 gg%g; H-24/H-28
29 2.30 (2H, q,J=7.14 Hz) 51.07 236 (2H,t,J=6.06Hz)  59.55 H-29/C-29 H-30
30 0.94~0.90 (3H, m) 11.85 342 (2H,t,J=606Hz) 5845 H-30/C-30 H-29
31 / / 4.41 (1H, brs) / / /
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#3 O-FEREMMMIEE 3 HERERTH MEs
Table 3 MEs of O-propyl hydroxyvardenafil in 3 kinds of
food matrices

R RhE B3] MEs/%
-7k 2.7555%10* =0.999 JG
B A ERORE 3.2331x10* 0.997 17.33
JE RRER 2.9436x10* 0.999 6.83
Rk 2.9048x10* 0.996 5.42

WF5E R SR L X O- T I IR M AR IR A T 5 &,
1E 2~100 ng/mL FYJSTEER EEVE IR A, O-PN AR Bk ARk
LY XRBI, RN ¥=2.7555x10"X+1.3585%10%,
LA R (D) =0.999, AT E/RIHT.

242 ¥ERfTER
AR5 1R PR W L 3k i) 2 3 5 R s i B AR i,

LLSIN R 3 BFRBSINE AR 51 LOD, kL S/IN i 10
I RS N BEAE 95 51 LOQ. i, O-TA LR S
BRAERY LOD 24 0.05 mg/kg, LOQ &y 0.10 mg/kg, REMSIH 2
SENE TR
243 wRFEAe g E

O-N B SELARHAR AR A R TOR) . e R R AR R I
B 3 AN KO AR BI85 i R 94.45%~98.92% |
97.66%~104.16% Fl  96.00%~102.30%, #H XF ¥r #E f 22
(relative standard deviation, RSD)43%l°~ 0.70%~2.78% .
1.28%~4.02% . 2.24%~3.26%, #4& GB 5009.295—2023( &
S A EARE AL IR S UEE I ) E R AT
P EARRR N 0.1 mg/keg~10 ghkg WNELE M RSDs<
10%A9 23R, & FEARGCR . R RERARGEIL TS O-
N BRI AR HOARAE AR o T 2% (A [EDICR AT RSDs 4525 I
x4, WEVREE, KEOREELT, WL EOR.
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FH15E

#z4 IMBRIBERT O-AELEEKMATIEM MIRE U ZER K RSDs(n=6)
Table 4 Spiking recoveries and RSDs of O-propyl hydroxyvardenafil in 3 kinds of food matrices (n=6)

b ke R T v TP MR
7R 4 B/ (m,
atg7] A TR i%  RSDs% | MICEMI(E%  RSDs% WK% RSDs%
98.92 2.78 99.95 291 104.16 4.02
O-MHEF A 0.2 98.21 1.70 102.30 3.26 100.31 1.28
IR : : : : : : :
1.0 94.45 0.70 96.00 2.24 97.66 2.42
244 H&mnE B2 H

KA UPLC-MS/MS Kl 7 siif5 2 HE s A
FERPEEEAR T P O-TNE 2 L A AR Al i B & 2 il o
22.0 mg/kg. 13.8 g/kg. B YIEHIERL R P & R 2EFH
K, 5t B kT [ R A A o R0 2 T 6 A B s
WEE S PRI ™ E, R ST
Wy 0T AR BRI AR IR, X T4 B FE A LA A Ab AH G R
BEXEK.

3 W54

AW FETE B HE IS A Bkt 5T v SR A LA R Y
A b, SR RS TR A TS AR A P s
BRI AR IR Y, 45 A RGN R SRR,
MERIBIE T8 B R AL &4 O- TN ZE I LR MARIE, 18
UPLC-MS/MS #5377 & 3L m s O-N Ik St AR e
WIE . TEWEWER, REEL, WHTE 2

ol T O- P 3 0 Rt A 1 PR s A 0

AHIF S T HE ST PRI 5 O v R B SR T R R RS
H) R G R A S AT ST PR T B S KR . AR
AV 0 ) 7 5 A AR AE T EL b A TS 2 A R A Sk
RIEFEAH), hFEZ 2G4 AL fa Y 4 W s i
AR, JER AP AR ER R iE R R A
I o A T DA S B A TR B . B, B —
S T M A R 2 R T T S T BB A FH Al B B O A AT
RS SHE RS R S . e A iz e
PRI B2 S5 J2 PR T S AT N . 78 NMR BARTRIE
J5 1L, B2 2 KR 0 e SR 0 1 i Ak B R Al Ak RSB AT 2
G Pl g AP X TR 58 N B I 2 0 o vy TR i aed — 2
IR AR IR U i Bk R AT X A 2 BB A8 TR 4 1) A
PERAI 5 F 458 o AT XA B IR I A, B
T BAAEE — SRR, AT o WSRO e+
= O ATORG TR R R BAG AR R, R R ST A A0 AT AR
B H PR, BR B T s B 1.

SR, b2 e 5 P 1 =l B 1) 7 A AE B R Dy T
BiF LM it — S st k, ElEBdnatr. B/
TG SRAT (R S AL RS IASE =X, 1) 8 1T IR 5 B — 2P 4R
K, IR A 1 3 P 43 Bl 55K o
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