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ABSTRACT: Objective To establish an analytical method for detecting of de-N-ethyl derivative of vardenafil drug
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in foods by high-resolution mass spectrometry “diagnostic ion” coupled with nuclear magnetic resonance spectroscopy.
Methods The samples to be tested were dissolved in methanol/H,0, extracted by ultrasound and injected into
high-resolution mass spectrometry to analyze and determine the nafil-type of the unknown compound. After extraction,
enrichment, purification and concentration of the targeted analyte in the positive sample, it was identified through nuclear
magnetic resonance spectroscopy analysis. A quantitative method for detecting of vardenafil derivative in foodstuffs was
developed by ultra performance liquid chromatography-coupled triple quadrupole mass spectrometry (UPLC-MS/MS).
Results The unknown compound was characterized as de-N-ethyl derivative of vardenafil drug. UPLC-MS/MS analysis
showed that the mass spectrometric response of de-N-ethyl derivative of vardenafil drug in 4 kinds of food matrix were
well linear in the mass concentration range of 2—-100 ng/mL. The spiking average recovery rate in 4 kinds of food matrix
were ranged from 74.07%—110.05% with relative standard deviations of 0.36%—5.09% in 4 different concentrations. The
limits of detection (S/N=3) and limits of quantitation (S/N=10) was 0.05 mg/kg and 0.10 mg/kg, respectively. This
method was developed and employed to screen 50 batches of samples and de-N-ethyl derivative of vardenafil drug was
detected in 5 batches of samples along with a content between 722 mg/kg to 1548 mg/kg. Conclusion The established
detection method does not require complex sample pretreatment, and has high sensitivity and good accuracy, which can
meet the requirements for detecting de-N-ethyl derivative of vardenafil drug in food in routine laboratory tests after
being re-examined by 6 inspection and testing institutions.

KEY WORDS: high-resolution mass spectrometry “diagnostic ion”; nuclear magnetic resonance spectroscopy;

noN-targeted screening; vardenafil derivatives; quantitative determination
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1 MR5RE

1.1 RS

R AR E 245 5 25 -N-Z IR (Ll E 99.2%, A i),
N-Z5 ZHARMAR A (LERE 98%, TR ES B H A BR A )
. MBI, mE Merk AR]); HRR(MORELL, iE
B T AR R A BRA R, SRR . Ak, =2
e (o r e, [ 2 4R EAL R A IR A A, R A
(CDCly, D 4l 99%, %[ Sigma-Aldrich A BRAH]); 5286
FHAK Y AR 4t .

50 HLR LA<ThREME & fh 4 SUE FREA M BE Thsk
BB (20 At . REREORH(LS #ER) . mmME(L0 FHEiK)
FIEEHIE (S ARk B F ML EXTAR RGO A e: A fE 4
JRZACIEFE I B H WA
1.2 UE5EF

Triple TOF™ 5600 %5 2 HHAHE (2 H AB Sciex
Z5l); ACQUITY TQD = HE DU - AH €233 - B B S i B
{%. WATERS ACQUITY UPLC® BEH Cg fAi41:(2.1 mmx
100 mm, 1.7 pm)(3E[E Waters 2 w]); Ascend™ 600 MHz 4>
AR A% RIS (B L Bruker 22 F]); HEI VAP Jig
7% KA (75 E Heidolph GmbH 43 ]); 230 Volt i HEHE % fe
([ Talboys 22 F]); S180H #75 I i5 P (F2 [ Elma /A w]);
ME204E H, T-RF-CHE 1 mg, LS8t M 2 RH4A
FRAFD.

1.3 XWFE
1.3.1 AR es 6 4

BUR KA ShIE , TRA), BUARE R T OFAN, WOARE &
TR B g (KR ZE 0.001 g)FESLE T 50 mL L@,
FIA 40 mL REKEEWR(1:1, V2V, TR, AR 15 min,
WA EE IR, FAWEBOKERQD)ERZZE  IRBHE 1 min, &
> 5 min, B EIFREA VIAHIERS I8, SaB RS SEhrik
BE R R (1 DR R 2 8 RSB, 2.

132 B &egH &
FRICHM: & ff R SR 2L 2 100 ¢ F 500 mL [BESEH

W, 43 3 UG 300 mL B BRI H(9:1), AR
B 10 min, $&¥% 5 min, AR LI, TIERRIRZIEZEYL
WA ZE L 40 mLJ5, F 100 mL 2.2 284y 3 IRAEHL, #EHL
WS 5, AT AR R 40 B AR, USRI
25 T, BB AR 2 fh R -N-Z AT E Y (g al, 46
BE 99.2%)R R 52.5 mg.
1.3.3 AR iR B

FRUESMERIQ200 ng/mL): AEHFRERHIAREZ 5 2-N-
ZEAEA Y 10 megCREHAZE 0.1 me) & & UK IR, H
% 50 mL R, HRBEAZRZIE, 575, BhlUmRk
JE4 200 ug/mL FRAERE R . —18 *CROBICATE, AW 3 1MA

PRUERD R AR (1 pg/mL): 6 I O I 6 2
(200 pg/mL) 0.1 mL ‘& F 20 mL Z5HH, FiE i i e
IKEERESS, #2451, Tl BUR R B 1 pg/mL AR HE
[ AR . —18 °CHEENAE, HRIH 3 ANH .

FRINVbRESD AR 40 BIHERINER 20,50, 100,200,
5001000 WL ARifErP ] TAEAR(1 pg/ml), BTF—4110mL %
i, IR EDKERGESR, 175, BRI BRI SA1N 2.
5. 10, 20, 50, 100 ng/mL HIRFIRMET R, PUABIRL.

1.4 YE/WEMH
14,1 A3 H0RA0 &% -vI AT AT Y 8] AL S

AR €U WATERS ACQUITY UPLC”
BEH C s i 41(2.1 mmx100 mm, 1.7 um), 7 zhHH: 0.1%H
BR-K(A)FIZIEB), WE: 0.3 mL/min, HEAEAFE: 2 uL,
FEili: 35 °Co WA EIERSEVEBFET: 0~1.0 min, 90% A;
1.0~15.0 min, 90%-~25% A; 15.0~17.0 min, 25% A;
17.0~17.1 min, 25%~90% A; 17.1~20.0 min, 90% A,

DU AR T - RAT B ] 5T 1 45 R LT 25 25 U (electron
spray ionization, ESI); 1F&F#x; HWI% HJk (lonspray
voltage, IS): 5500 V (ESI+); = #A¥ K JE Ji (curtain gas
pressure, CUR): 35 psi; 5165 4% J1(gas pressure 1, GSI):
55 psi; B+ J1(gas pressure 2, GS2): 55 psi; BFURIE
J& (ion source temperature, TEM): 500 °C; 44— FJFi%
(mass scan, MS)F — 2% Jii i (tandem mass spectrometry,
MS/MS)J5i SR 4E 3 43514 50~1000 Da, 100~1000 Da.
1.4.2 A% et T 3 A7 3k Ykl 3% A1

{8 7. M AR e ¥ #4 3L PR (Fourier transform nuclear
magnetic resonance, FT-NMR)J i 4c1F: HU& AR AR 24 5
EN-ZEMAEYZ 10 mg, T CDCLH, LI CHCl; (&
7.26, & T7.00EENR, B Ei%('H nuclear magnetic
resonance spectra, 'H NMR)FIA @ 2L 4R 6% 3% (°C nuclear
magnetic resonance spectra, '*C NMR)H) TAFH L5351
600.13 MHz Fl 150.95 MHz, SCHRE A 25 °C, #5585
7 60013 Hz Ml 27171.0 Hz. 5 #% PR 7 A 56 %
(heteronuclear single quantum correlation, HSQC)FI #1% £
Bt FH 5 3% (heteronuclear multiple-bond correlation, HMBC)
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S8 4y % % F HSQCEDETGPSISP2.3 i
HMBCGPLPNDQF #r#fE ki #2 /¥ . HSQC 1 HMBC ¥ F,
A:(HYFI Fy 4E(PC)i%SE 435124 6001.3 Hz 1 27171.0 Hz,
R R 6x6=1024%512, RMNKEIIN 8.
143 MEHARAEE- B BEAELMS

g AR 5 uL, BEEEVENE: 0~0.8 min,

95% A; 0.8~2.5 min, 95%~5% A; 2.5~3.5 min, 5% A; 3.5~3.6 min,

5%~95% A; 3.6~5.0 min, 95% A, A5 1.4.1 45—,
Jik S PG E R R R 2R
% W I (multi-reaction monitoring, MRM); & 40 % H, % :
2010 V; BRI 150 °C; BRI : 450 °C; i
FIS R E: 650 Lo B TR m/z 448.2/151.1, EtEE
FXF K m/z 448.2/312.2,

1.5 HIEAIE

% Analyst TF 1.8.1 #4737 iS5k %4, Library
View #Ef7RIEEFE, PeakView® 2.2 HEAT & MEELIE 4011,
Masslynx V4.1 FAFHATREE BB H7 % H Topspin 3.5
AT ARERE R R4, Mestrenova 9.0 HEATIEEHr; KM
Origin 2021 & ChemDraw 2014 2 [£3% .

2 HERE5HH
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WL E R E &S S0k [25-31], MRS E L
I g AR AR | st AR RS 30]%[11’@173%\/%[3”%1%%%
FO S L M L AT T UG A, R ks b e
AT A B i v 2R AR I 1 I A SR AR R R

a  PARE

P A S

miz 475 2122
b AR

OH*

m/z 377.1278

(\NH - ~
m/z 489.2278
m/z 113.1067

m/z 311.1503

2.1.1 HARERLLTEY

PEHARAE M AT YA 4 S FERAE T (E 1a): 15
T JHc 38 4 AR RN IS 34 2 A 2 L 55 5 C-S H AR A5 5
miz 311.1503, #F— 25k Az Atk 0 i 2 015 310 & = B v
A BT m/z 283.1190, m/z 283.1190 RI g 58 ALA3 5] m/z 299.1139
W HEER—5F CO MEA S #RE B miz 255.1240
Fo M FEDE B R ILES IR E AT IR, AR =
LAy [R)E S s 2R 09 5 e B, DN Ak Ik T R
RIELFIE ISR S P ARIEA E, =T 3P HARE
BT —ANEH KL, SR B m/z 325.1659 . 313.1295.,
297.1346 W5 WRACTUHOIRAR B DA SR A T R 3, 25
I m/z 327.1274 . m/z 299.0961 T4 F .
2.1.2 KA Z AT ES

FERTIIFZE 0, AR R AR ) S EARAERE S m/z
377.1278. 312.1581, 284.1268. 299.1139, 151.0866(/& 1b)
HATT B, WA,
213 feikisdE R AATAEY

M IRAR A B SR £ A 4 SR fR(E 2). (1) C-6
fif \C-12a i 5 N-5 i, C-1 75 N-2 {37 Z [a] B Z4 i C;H,0N,
TE R m/z 302.0812 I HE fr, Bl BN & A= 43 F W B TE 1% m/ 2
274.0863 fiEH; (2) C-6 i 5 C-6a. N-5 {2 [A] WL
C,Hs0, A B3I i m/z 268.1081 T J, m/z 268.1081 #F—3
RS TFNERAS R m/z 240.1131 W H, m/z 240.1131 #—
3 R LR TR R C-N BRI 1 C-N BT 2U9E 1 m/z 169.0760; (3)
WRBE PR A A3 DA NI e W 58 B i R m/z 262.0863,
ksl AW IEESTE W m/z 250.0863; (4) m/z 390.1448 %
AR R R it R AR RIE AL m/z 1350441,

it

m/z 299. 1139

=e |

miz 283.1190 N

m/z 255.1240

\ m/z2991139
e w@é\” ~oﬁ @é i
N OH | \N

m/z 312.1581

m/z 284.1268

m/z 151.0866

P 1 PGIIRAR ) AR AL (b) Y BTk R AR AL

Fig.1 Mass spectrometry fragmentation rules of sildenafil (a) and vardenafil (b)
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miz 197.0709
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P2 kTR A i 2R ML

Fig.2 Mass spectrometry fragmentation rules of tadalafil

BRILZ A8, m/z 197.0709 ff Rl & C-1 5 N-2 fii, C-4
5 N-5 A2 Al WL ER m/z 268.1081 1 — R R T AL
B, B, EEhh P E et LAY EE
# N-2 AR A A RIBARTE B AT A

ARG TAES, PRIESERRTE O, 456 i &
FIANFERG IR YL BIS 202405 FrRAiLfs (s 8 K 1 a5t
58, WA A E5 I R

22 EBEMEEEIE-MRT-TRERIEIEEE
THELERSH

SR JFL A R OB €3 - DUARAT - A TR [0 S 2 o 9 0
B 50 Ftt vRAE B8 OB 2E AT 15 B K 381 R 4E (information
dependent acquisition, IDAEZRAE, WLk B B EHEE, P
FS R BEARTF 50, BIESEEEE AT 10, 2GS
FHEETE 0.02 Da, i FEVCEIME T2 F I 25404 Da,
MEEREREES eV, i (i 25+0.4 Da PEATHR2Y, 508
22/NF 5.0<10°° (RE IS (R 22 /N T 5% [ 3 H (e (R 22
INF 10%. BEREICEAR KT 70%. 7R K
T 70%1E e B A RE B BH VB E BB R = W 22 =
10.0x10°0, (R B8 W) w22 = 15% ., [R 25 U (B 22 = 20% .
Bl PEVL A5y <30% . 3 TR R 1343 < 30%1E R Ik
WHIE, Z5RERIZY RS A SR ED 104 FOIRIEZL
BYIVCEL, BEBRE S PR S0 B I LMY IRAE R AL A
Yo PR KB, EEHRE SRR, R
B E] 2y 9.543 min(& 3a)4b iRl fi R AR (B 3b)FR W AR HI1k
B AU, WA T T IMAH] N 4482003, Z44
2> 7N CyHwNsO,S o 5 P i s AR 4F 7 7 X
(CooHyoNsOLS) M EL, ZAL B T — AR+ 55Xt
Pt HIBAE (4> T30 CoHyyNsOsS)P M 1, ik &£
THANEET, DT =R F. xR Eg R %1
CsHN,O" (m/z 151.0858). C;sH sN,O," (m/z 284.1273).
CysHisN4O5" (m/z 299.1133) . Ci7HoN4O," (m/z 312.1586) }%

C17Hy N,O,S™ (m/z 377.1278)( 3c) st &M, %M s ik
HARAESAL & W . BEfE R A A 20, 35, 50 eV 3 MRERT
A RE Fr B0 B (B 3¢) o m/z 448.2003 F| m/z 420.1701 F=
KTHTFHEN 280302 Da IR, & HHEEKX CO
(29.9949) , CH,=CH, (28.0313) . N, (28.006 1 [l A& B 43T
LW S AR MR A S ARy ) S5 A 55 R R AIE 235 6 T,
N EAT Z REHEE R T h i - CHy=CH,o HIEHEA
A WA R B A A 2 3, 3 2 W R L R IS R AE
Al LA — B A g 4
2.3 NMR SAGRIES

132 HIE RS HRE @ 1.4.2 MRS
PFHATEAEREE, FEXT 3 DT AT 45 4 i B A s 2 5 I
J&. 7E "H NMR & (K 4a)h, B8 29 M5, Hpdy
X AN 0 (ppm) 9.68 (s, TH)RF I BERZAIIE R N-H;
8.54 (d, J=2.28 Hz, 1H), 7.94 (dd, J=8.76, 2.34 Hz, 1H), 7.12
(d, J=8.82 Hz, IH)N =W LK C-H; KidkX k2=
#% 4.33 (q, J=6.96 Hz, 2H), 1.59 (t, J=6.96 Hz, 3H)X{J
CH;CH,0-; 3.00 (t, J=7.56 Hz, 2H), 1.87 (sex, J=7.44 Hz,
2H), 1.02 (t, J=7.32 Hz, 3H)X} i CH;CH,CH,-; 2.63 (s, 3H)
X CHs-; 35 5 N-k L FEARHARAE AL RE S BT L, 36
UEIXEE "H NMR 15 545 G A AR A E B3 A% 45 ¥ A SE A HRAE
TEfE X 3.29 (q, J=7.08 Hz, 4H), 1.18 (t, J=7.14 Hz, 6H)fY
TR — X XR ) L EEBUREE ) . ZRE B IR
FE454 5C NMR $5(/&] 4b) . Wi 1k 5 5% (distortionless
enhancement by polarization transfer, DEPT135), HSQC F
HMBC, HiEizfb&Wib¥ AN 4-2 5 FE-NN-Z 2, 3%
S3-(5-F -4 AR T- T L3, 4- A KA IR [5,1-][1,2,4] =
2-FE)RBE I, AR AR AR 2 5 R -N- AT AEY), MK
HARAENRIEIS 1 N-Z IR RS 2], ARMbARE 2 f 2
N-ZIERT A g = an &l 4 38 & s AR TR, TH NMR |
'3C NMR, DEPTI135, HSQC., HMBC #4185 T4 1.
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a b €100
L2.04E+6 TIC 9.543 100, (482043 4482003
% F1.53E+6 © X 80
ns = 80 M
= | 1.02E+6 i =
= EIC 9.543 o8 = 60 312.1577
= +5.10B+5 = 60 1=
0.00E+0 g =
= & 40
. % 40 % 151.0858 2841263 o701
5 449.2086 20 99 11133
256.0958 377.1281
0 ‘ 4'50|‘2060 451.2052 | L
0 4 8 12 16 20 448 449 450 451 452 150 200 250 300 350 400 450
£ 84 B[] /min JF e /Da J5ifuf He/Da

1 BB F i E (total ion chromatogram, TIC), #2HUE ¥[8 (extracted ion chromatogram, EIC),
3 RAYR TS A E (). WA ZE A E ()M R E T E (o)

Fig.3 Mass spectrometry chromatogram (a), isotope pattern diagram (b) and fragment ion diagram (c) of the unknown substance
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VMmO == ANNNONNORRVRVPVPVON ——— OO Lo e I e el S el el i s s s S I I I I B K i niianiiaiiniianiieiianiaruirnioshoniho
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27 [o} 10 27 o 10
2 H-10 H-25/27 12 H-10 H-25/27
13
13
H.24/28 H21 |H-13 H-24/28 H-21 H‘B
H-20 -1 H-20 H-11
H-15 18 i H-12 H15 IH-18 i H-12 L
H-5 H-17 i H‘-S H-17
Jr iy »Ir< h J~ ‘—\—‘Jr‘ _LTJJ‘N‘ _L J~ l !- L J\—Jrﬁ—‘ e
E 88 & g §8%% B&E%% g &8 B8 § &%% &%3%
95 85 75 65 55 45 35 25 15 05 95 85 75 65 55 45 35 25 15 05
A2E07 % 6/ppm Ab2E07 % 6/ppm
4 AR 5 N-Z SEATE Y 'H NMR 3#%(a)'5 °C NMR $(b)
Fig4 'HNMR (a) and >C NMR (b) spectra of de-N-ethyl derivative of vardenafil drug
#1 (KPBIEHRE-N-ZELTEYIH NMR HiE
Table 1 NMR data of de-N-ethyl derivative of vardenafil drug
5 'H (6n) BC(6c)  DEPTI135 HMBC HSQC
1 - 146.36 0 H-11/H-12 -
3 - 140.35 0 H-10 -
4 - 154.60 0 H-10 (weak) -
5 9.68 (1H, brs) - - - -
6 - 144.64 0 H-15/H-18 (weak) -
9 - 113.69 0 H-10/H-5 (weak) -
10 2.63 (3H, s) 14.51 3 - H-10/C-10
11 2.99 (2H, t, J=7.56 Hz) 28.03 2 H-12/H-13 H-11/C-11
12 1.87 (2H, sex, J=7.44 Hz) 21.00 2 H-11/H-13 H-12/C-12
13 1.02 (3H, t, J/=7.32 Hz) 13.97 3 H-11/H-12 H-13/C-13
14 - 118.43 0 H-18 -
15 8.52 (1H, d, J=2.28 Hz) 129.37 1 H-17 H-15/C-15
16 - 134.07 0 H-18/H-15 (weak)/H-17 (weak) -
17 7.95 (1H, dd, J=8.76, 2.34 Hz) 131.82 1 H-15 H-17/C-17
18 7.12 (1H, d, J=8.82 Hz) 113.10 1 - H-18/C-18
19 - 159.39 0 H-17/H-18 (weak)/H-15/H-20 -
20 4.33 (2H, q, J=6.96 Hz) 66.02 2 H-21 H-20/C-20
21 1.59 (3H, t, J=6.96 Hz) 14.54 3 H-20 H-21/C-21
_ H-24/C-24
24/28 2.89 (4H, q, J=7.14 Hz) 42.02 2 H-25/H-27 H-28/C-28
_ H-25/C-25
25/27 1.18 (6H, t, J/=7.14 Hz) 14.14 3 H-24/H-28 H-27/C-27
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ng/mL)EATE M B 4347 o A5 H R (limit of detection, LOD)
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fEfE M A . G50 7R 2~100 ng/mL £tk
TR N, TR TR Y=1678.2X+2250.5, R %K
(**)4 0.998; LOD ¥ 0.05 mg/kg, LOQ 7 0.10 mg/kg.
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Table 2 Matrix effects of de-N-ethyl derivative of vardenafil
drug in 4 kinds of foodstuffs

JEJ5 RpR P () BTN /%
27K 1678.2 0.9976 /
BRKE 15732 0.9963 93.74
AR 17749 0.9974 105.76
ik 1385.0 0.9977 82.50
T )4 1657.0 0.9971 98.74
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A3 BIRRIB R AORE . R R RS | ol R A IR Y 2
FEREAL S 24 4y, A1 AIHISE L LOQ. 2LOQ. 10LOQ,
100LOQ 4 4~ & /A B mprillistee, /K414 6 4r-F
1TRE, UBRITRMEL BT . 768 4 P
AR 25 fh & N- 2 AT A& W B AR ik 7
74.07%~110.05% Z [8], #H X} 47 #i fi 2 (relative standard
deviation, RSD)TE 0.36%~5.09% 2 [8], 4 Fit 5L 5 (1) T 5 P 52
0 14 T 4 3 B ARUREL X Ao v Ol 225096 A2 A BT 3R o LR ZE 5L
W3 3,
244 FiFBGER AMAESRE

TSI, TR 1301 TR 7 =4 3% 50
HER B R BATH I & S T e, 25514 2 #ikhs
TR ESR 2 HERBEARGORERT 1 AL A s AR bR
JEZ5 i L -N-CHATA W), S8TE 722~1548 mg/kg Z I,
WFoE 7 FHAR LSS 6 AU ZEAT T 7 3L 30 e Ai—
VT F R B PEAE S (&) S)S M, 45 5 3 BH BHAERE i 1
K ¥E R 937 mg/kg, FRUEIRZEN 5.69%, JikHA BT
By I

®3 KMBEAREN-ZEITENE 4 MR BEFPH T MR E W R R AERERE (n=6)

Table 3 Average recoveries and relative standard deviations of de-N-ethyl derivative of vardenafil drug in 4 kinds of foodstuffs (n=6)

I AR TR FE i BEAR UILE i i 374
- /(mg/kg) FHEeR  RSDs CFHEMR RSDs PR RSDs FHEICR RSDs
1% 1% 1% 1% 1% 1% 1% 1%
0.1 93.63 443 74.07 1.79 84.58 2.58 88.88 320
AT 2 5 2 N-2, 0.2 100.55 3.71 97.45 5.09 95.75 411 98.02 222
EmED 1.0 101.00 136 110.05 3.45 104.53 1.52 104.77 1.42
10.0 99.82 036 10425 242 102.70 1.37 102.39 1.22
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Fig.5 MRM spectra of de-N-ethyl derivative of vardenafil drug in positive sample
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