B33 E3IP TR R Vol. 33 No. 3
2014 %£3 A FENXI CESHI XUEBAO( Journal of Instrumental Analysis) 239 ~247

doi: 10.3969/j. issn. 1004 —4957. 2014. 03. 001

SMRERIE - B F T B BB RIE R RIE
§1%1Eﬁ AR ':I:I E”E,f IJ\\7]|] E’Jﬁ;kﬂg — EEIEE 5
11 75 57 B2 LKA 4
EER, ¥R, BT, BEE, R 4
(1. WFHABRRREREARSL, W KY 410004; 2. BRI RS M T%E, B8 K 410081)

B E. REASTFH TR M BRI (LC - MS - IT - TOF) HAXNFEE &R PIEERMYHIRIE, Mk
HRFER L A R 25 28 FiBERR —BEEE — 5 WHIFH(PDE - 5) BRI HEAT ST B MAHIE , BILT Ik 28 Fhik
EYIRRBH S T REFN L EFUER B TEIEE, RS PREAERK, L CyflH (150 mm x4. 6 mm,
3.5 pm) B, ZJE-0.1% ZBRARBIHEEELES , SR E7R, 28 MALEWNFRHERHEKEY 0.2~7.0 pg/
L, EERTRHAO0.04~1.18 mg/kg(REEREF ) F10. 007 ~0. 235 mg/L( ORIK) , LLERT FRIKE K AR KFH
SEHEIRER A 31. 0% ~ 114. 0% , AAXTFRAEMRZE (RSD) K 2.5% ~14.9% , FI AN # R B S ICECR B Bl
B R, SEUPORTGE; SE&RBEE. ALREENSRIFERA B 7 A 8 WHATHIE, EHER
BEE, RE, B, REERSNE, A TRESSPIAERMNBEER A8 -5 MHIFH(PDE -5) R H
K EE EREAE e, RBRENENEHRY, EFTNHTERGTED REHEBIN S F
XA HHES
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Rapid Screening and Confirmation of Illegally Added Phosphodiestrase —5
Inhibitors and Analogues in Health Foods by Liquid Chromatography — Ion
Trap — Time of Flight Tandem Mass Spectrometry

WANG Mei-ling', ZENG Le®, YAN Hong-fei', LI Yong-jun', DAI Hua'"
(1. Inspection and Quarantine Technology Center, Hunan Entry — Exit Inspection and Quarantine Bureau,
Changsha 410004, China; 2. College of Chemistry and Chemical Engineering, Hunan Normal
University, Changsha 410081, China)

Abstract: A method was developed for the screening and confirmation of 28 illegally added phos-
phodiestrase — 5 inhibitors (PDE — 5) including sildenafil, tadalafil, vardenafil and analogues in
health foods by liquid chromatography — ion trap — time of flight tandem mass spectrometry( LC - MS -
IT - TOF). The accurate mass and multiple-stage mass spectrometry databases of 28 compounds were
established. The analytes in samples were extracted with methanol and separated on a C;; column
(150 mm x4.6 mm, 3.5 um) by gradient elution using acetonitrile — 0. 1% acetic acid as mobile
phase. The results showed that the limits of detection(LOD, S/N=3) were in the range of 0.2 —7.0
pg/L. The limits of quantitation(LOQ, S/N=10) were in the ranges of 0.04 —1. 18 mg/kg for capsule
and 0. 007 —0. 235 mg/L for oral solution, respectively. The method validation was carried out by LOQ
levels, and the recoveries were in the range of 31.0% -114.0% with relative standard deviations( RSDs)
of 2.5% —14.9% . The screening of analytes was performed by precision mass matching and library

searching. The retention time, isotopic abundance and multiple-stage ion mass spectra were employed for
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the confirmation. This method is simple, rapid, credible and sensitive, and could be applied in the sim-
ultaneous screening and identification for illegally added PDE —5 and analogues in health foods. Moreo-
ver, the ion fragmentation patterns of these drugs could be exploited to predict the chemical formulas and
structures of the unknown derivatives and structural analogs of phosphodiestrase —5 inhibitors.

Key words ; health food; phosphodiestrase —5 inhibitor; analogue; screening; liquid chromatogra-
phy —ion trap — time of flight tandem mass spectrometry (LC — MS - IT - TOF)

HEimisg AR, AN, Pussr R R a R IR inmthARaE, R ARE, thikfr e Smm—
Bals -5 WA (PDE -5) RERUM M Z I T LB, PR BN - 5 MWHE R —Fh & PR — Kins
EHNAY, B ZH TR BRI RIS ERE, BRI PDE -5 2998 T 8 LI 75 Hb AR
MR ARSI WS, ERMRIAE TSP HBT Y, —&) K E fERE N PDE -5 %
YISO R INEL R R YR L MR 2y, DIkezs R ERE, X e M) bR — FeE
-5 MEFEITAD S TR Z B, BRI ERATER, BETX, B TENSTEMS
FAMAR, 5T ALK PDE -5 MHIFLE WA, RREERZ NS EHMIIHAE, Bz
MBHRAREE, RABMARRMNETR, MHRES ORREAEEEER, LIANRKEMNHE,

R, HRMEH ., FEFSARERPIEERMAEARNEN FEEEREHRE, EEH4
BN, MR, A RKE. SR - FIEBAE(GC -MS) . BRBAMAAE
¥ (HPLC) F1 & 80 AE 3 — 53 B it vE (HPLC — MS/MS) 21511 | 3 60y 03l o R &F % B4 B A=W 19
ST, TEXARME R AR E N R AR TR T, ELSEBLRER W, T PDE -5 MHIFLE
MEME hARMY, RAERBAN KRS, SBN TAEGERTRAKEE, BrEs=s —F R
BROBW I, BERIEERMADRERS., KEHSBEANRS, BFARKEE, ERFNEDH
MAEVER B ERRRELEH M ™ER S, KK, @ ra0m, . RN E SRR e
BRMZEPRREENEE,

VEAE R AR K (K B8 F Bk K AT B ) B2 B T (LC — MS — IT — TOF) 3 5L BS 7 9k 70 75 4 9% € AT Bt i) R i
FIRLIIGE )7, BEBHAT A FEMEHINE, ANTREH#ZSHATIERFEFER, BALE3IHEN
FRR A fE SERL KB R SO B B EAE T, AWM ERFEE N EL, BBHAE
B RILIE KR 2 RAFMER A B FHIE, ErN RIS LIARERESLE, SERIEERM
Y, REGZEHEURRRGWIFEERS LN TRER T ZMA,

AT SR P R 2B 3 — B T B KA A TR R BB L T (R A & P IR ER R N PDE -5
7 B AU B 575 0 BB E S0 A 5k . 7 BRI e Ak B WD AR v BO0E FE B A b, R FE AT R AR
BERRRMNL R B THIE, HEEENROTEDREH, —REFEREMBRLWFE, A
RN SRR N PDE - 5 #P8I5 KRR IR B S A RAE TH0E ., HH . BT,

1 Wiy

1.1 {XF5KH

RABRAH A/ BT - CATR R/ BBRRE N (AASEAR), FERABMHAIERSE, LC -
20AD HENAHHIES, SIL -20AC HEh3FEEE, DGU -20A3 lIS3EE, SPD - M20A —HRER NS, LC
MS solution V 3. 6 L{E%, BRANSON #EFEIE¥ESE ., Sigma 1 - 15P F# & OH1,

28 FARYE S W T &K TLC PharmaChem A F]; FEE, ZRE A BG4 (EE Merck A7) ; HK{WK
FII R oyrat, LI KA B AiK (£ E Millipore BALKILHI %) . S HIFRE 10.0 mg FRIFHES, B
F 10 mL fFEAREMR Y, AFRBEEMIERRER 1.0 /L MIsHEE LR, BAFaEREF, -20
C TR, LBHH FERR LRREME SR, IHBARRERBERERR, T4 CTRE,

FEml &, FREREH, W, RBY; RE, MUARYERRERBE, BY; WEREL, ¥
FEmAsRA, AR,

1.2 HEaTkE
B RAAE: FREL] g BRFECKEZE 0.001 g) BT 25 mL FEMP, A 20 mL FEE, AR 20
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min, WAZER, AFHEEAZZE, By, #8~Z], 0.5 mL BER, AFE-/K(1: 1)EE
BB ZE 1.0 mL, 0.22 pm HHRFLIEESS, EHBEIIER,

WARRFE, BE 10 mL BAARAET 100 mL AEMY, AFERBEHEEZZIE, 1$0.22 pm HH
WILMERRSE ,, LRI,
1.3 &% -Rit&EH

%, Agilent ZORBAX Extend - C g #£(3.5 wm, 4.6 mm x 150 mm) ; 314 A 4 0. 1% ZERK
B, BNCHE; BEEWHAEF: 0~8 min, 5% ~20% B; 8 ~26 min, 20% ~50% B; 26 ~ 30 min,
50% ~100% B, 30~31 min, 100% ~5% B, 31.1~35 min, 5% B, Hii: 40 °C; KKK . 254 nm,

BFYE. ESI, EABETFRNEHE,; AMERE: m/z100~1000; INHAGEHEE. 200 C; CDL &
BE: 200 C; BAHSME: 1.5 L/min; THESFE: 10 L/min; FFHFEERE: EEFHER4.5KkV, &
BFEA-3.5kV; mUEBBEE: 1.7kV; HREHERKESE. B3IRBRMKBE, SMREREREEH
B HBIE R BAE N Met ID solution, 4 TR T/ 4 Shimadzu Formula Predictor,
1.4 THEREEFEMEIL

oL 28 FBERR _IRES -5 AR R LR UMM B EREE, 854N ER. TR, G,
BHoTE. BFNEPENY, RENARZERFBETFERER,

2 ZR5WE

2.1 @i - Rig&EMmk

KARIUEDENEF SN E DRGSR, BRI MR
EFHALAE, FREFMAEE, RHBIEN P EEREBIES), AoRUENERS TEMER, SR
BENAIREZ A B FRARTMUX S, HEEahE, AT 8EHEETH’, DAERERSE.
LT HEE - K, G - KBEBEFEREDRIAANRT B RGP EEAT A S F R R W,
SRR, FHZE - KERERSIAHE, KIB5ME Y180 m N AE KT A P EE - KBRS i 6 e [
£, SERAEH—BEET0.1% L. 0.1% FER. 5 mmol/L HERH¥ . 5 mmol/L ZBR¥ S & M RAF 0
ANFRAATN REER N, ERER, EBFEATRIIMAPMAR, TEERBE FALBEM
RFE; B0.1% FREBAET RS REEK S B (MBREAHFENREFEAAE), RAS
mmol/L ZBREB H R - ZIEIERANME, SASWHERRBEBLG, BB FARETH, mMMA
0.1% ZBRR, KEHWEYFIREBERNE FUSERMREE, XERBH/UEYER N BREER,
FEREZFMTERNTFEFHER, FHASLRRA0.1% LR - ZBENRINAEFATH YN,
2.2 EHREN, RERERSHEHEREF

28 B HAYMRREER., 27X, HRERERZEHAEFNE 1, I Xanthoanthrafil 4T H
WA FREREEIAKT 5 ppm, XFRSTREEEHS TREZMRKAEY, SBWHESEET
B A A ER A S TFHITX S, MRAR S HEFRIENRAREREABBIEN S TFBH
CpH,;,N0,S,(m/2=505.205 0) , {REEITE 2 HA4 23. 14 min 1 23.29 min, HWHEHABEREBEL, H
AR P IR AR IR LR A B T8 m/z 448. 147 3 393.104 2 327.127 1, 299.094 6. 271.098 7;
A E TG AR ER A B TN m/z 477.175 6., 421.139 1. 393.107 3. 355.158 7. 327.127 1,
299.096 6. 271. 101 3, W@ HOBHFIER A B F X T X 43

R1 BAHUAEIKS TR, CAS S, HHFEHK, FEREUAFERFET

Table 1 Formula, CAS number, accurate mass data, mass error and MS fragmentation data

of 28 target compounds

Theory Real Mass

Major fragment Common
Class Compound Formula CAS No. mass mass error ;
(m/2) (m/2) (ppm) ion(m/z) fragment
1 Vardenafil CyH;NgO,S 224785 -91 -5 489.2279 489.2269 -2.0 461.196 1, 377.127 3, 377, 312,
(R ARE) 312.161 4, 299.116 8, 299, 284,

284.128 4, 151.089 7 151
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Theory Real Mass i
Major fragment Common
Class Compound Formula CAS No. mass mass error )
ion(m/z) fragment
(m/z) (m/z)  (ppm)
N-Desethyl vardenafil ~ C, H,;Ng0,S 448184 —46 -1 461.196 6 461.1948 -3.9 377.1259, 312.159 3, 377, 312,
(N-2 ZEARHIRAE) 299.114 1, 284.128 0, 299, 284,
151.086 6 151
Hydroxyvardenafil C,Hy, NgOsS 224785 -98 -2 505.2228 505.2220 -1.6 487.2126, 377.1277, 377, 312,
(BEARMAAE) 312.157 3, 299.114 3, 299, 284,
284.127 4, 151.085 4 151
Pseudovarnafil C,H,sNs0,S 224788 -34 -5 460.201 3 460.2004 -2.0 377.127 0, 329.160 5, 377, 312,
(PR AR E) 312.156 2, 299.113 1, 299, 284,
284.126 1, 151.085 4 151
2 Sildenafil Cp,H,oNg0,S 139755 -83 -2 475.2122 475.2123 0.2 377.1277, 331.0857, 377, 331,
(e ARE) 311.150 4, 283.1193 311, 283
Homosildenafil CyH;Ns0,S 642928 —07 -2 489.227 9 489.2274 -1.0 461.1989, 377.128 2, 377, 331,
(FRETHAAE) 331.089 1, 311.1506, 311, 283
283.117 5
Hydroxyhomosildenafil ~ C,;H;,NsOsS 139755 -85 -4 505.2228 505.2221 -1.4 487.2164, 377.1262, 377, 331,
(BEFEFEHIRIE) 331.087 1, 311.1518, 311, 283
283.116 3
Dimethyl sildenafil Cy3H;,Ng 0,8, 489.2279 489.2281 0.4 432.1691, 377.126 6, 377, 331,
(ZFREHIEE) 331.086 9, 311.1517, 311, 283
283.117 1
Nomeosildenafil C,,HyN;0,S 371959 -09 -0 460.2013 460.1996 -3.7 432.1707, 377.1292, 377, 331,
(BEFIAAE) 331.089 3, 311.150 0, 311, 283
299.114 4, 283.116 9
Thiosildenafil CyHyoNg0,S, 479073 -79 -5 491.1894 491.1888 -1.2 407.1213, 341.1413, 327, 299,
(BRARTE AR AR ) 327.132 7, 313.111, 271
299.096 0, 271.101 4
Thiodimethylsildenafil ~ C,,H,,Ng0,S, 856190 -47 -1 505.2050 505.2053 0.6 448.147 3, 393.104 2, 327, 299,
(B ERHITE) 327.127 1, 299.094 6, 271
271.098 7
Thiohomosildenafil Gy HyyNg0,S, 79073 -80 -8 505.2050 505.2074 4.8 477.1756, 421.1391, 393, 327,
(RAREERHARE) 393.107 3, 355.158 7, 299, 271
327.127 1, 299.096 6,
271.101 3
Hydroxythiohomosildenafil C,,H;,Ng0,S, 479073 -82-0 521.1999 521.2002 0.6 503.1927, 477.1775, 393, 327,
(BERREEGHBIE) 461.201 1, 393.104 7, 299
354,150 3, 327.128 4,
299. 100 3
Sildenafil analogue I~ CyH, N¢O,S, 535.2156 535.2168 2.2 517.204 4, 475.2125, 327, 299,
327.1291, 299.103 7, 283
283.119 2
3 Tadalafil C,HpN,0, 171596 -29 -5 390.144 8 390.1438 -2.6 361.1414, 268.1114, 268, 262,
(fbEHBE) 262.083 4, 250.084 1, 135
135. 043 4
Aminotadalafil C, HgN,O, 385769 -84 -6 391.1401 391.1378 5.9 362.1340, 269.0983, 269, 262,
(R EAEHAE) 262.084 7, 250.085 2, 135
135.044 6
Chloropretadalafil CpHCIN, 05 171489 -59 -1 427.1055 427.1083 6.6 395.083 1, 349.1162, 262, 135
262.085 5, 135.045 3
4 Acetildenafil C,sHyyNgO, 831217 -01 -7 467.276 5 467.2748 -3.6 449.268 3, 420.2256, 353, 339,
(4 BaE) 353.163 0, 339.180 7, 325, 311
325.122 6, 311.127 0
Hydroxyacetildenafil C,sH; NgO, 147676 -56 -0 483.2714 483.2716 0.4 465.264 5, 437.2499, 353, 339,
(BEaHAE) 353.161 0, 339.160 4, 325, 311
325.136 8, 311.125 4
Nor-acetildenafil CyH;,NgO, 949091 -38 -7 453.2609 453.2604 —1.1 353.1609, 339.1602, 353, 339,
(FRAaHARE) 325.121 3, 311.1292, 325, 311

166. 098 3




ERBE: FRBA G - BT B AT R 18 8BRS R A AR A R

H3H JEVEA N B BERR — R AE - 5 IR R R 243
(5R1)
Theory Real Mass i
Major fragment Common
Class Compound Formula CAS No. mass mass error )
ion(m/z) fragment
(m/z) (m/z) _ (ppm)
Carbodenafil Cp HiyNg O, 453.2609 453.2606 -0.7 382.1854, 339.1444, 339, 311
311.118 6
Piperiacetildenafil C,H;NsO, 147676 -50 —4 438.250 0 438.2492 -1.8 353.160 8, 325.1318, 353, 325
297.136 0
5 Avanafil CpH,CIN,0, 330784 —47 -9 484.1858 484.1842 -3.3 375.1228, 357.1121,
(FTARRE) 233.101 3, 155.024 8
Mirodenafil CysH3;NsOsS 862189 —95 -5 532.258 8 532.256 6 —4.1 514.2452, 404.162 3,
CRPME) 362.118 0, 344.104 6,
339.194 8, 297.148 3
Xanthoanthrafil * CoH,zN;04 247568 -68 —9 388.1514 388.1493 -5.4 358.1419, 298.059 2,
195.07 92, 165.070 6
Yohimbine C,;HyN,0, 146 -48 -5  355.2016 355.1999 -4.8 224.1268, 212.1260,
(F¥%R) 144.079 9
Udenafil C,sHigNgO,S, 268203 -93 -6 517.2596 517.2611 2.9 474.2228, 432.1729,
(Z3AE) 418.156 5, 325.168 3,
299.109 1, 283.120 6
Gendenafil CioH»pN,0, 147676 —-66 -2 355.176 5 355.1779 3.9 327.1456, 285.136 7,

256.092 3, 166.096 8

1. vardenafil analogues( fZHiFBIES), 2. sildenafil analogues( FAHEFRIES ), 3. tadalafil analogues( fltiAFBIES), 4. acetildenafil ana-
logues( ZLHBARAEZK ), 5. other(HAth); * ESI™ for this compound, ESI* for the others

2.3 [RGB

PR RIER EERR B TR m/2377, 311, 283, A THEMBIEBMBERAEH AN 0, ARBHIRE
TER, B N—S 8 C—S BARE, BROHRENR, &6 H 55 m] DU T vE 38 3k 09 2L L
i, TEBEE N—S BEARENH, B3 m/z377 WA, MEREBRKN C—S 8, BEPHrRA
H,S0,, B8 m/z k311 W f . BESREAEA AR RERH 28 I C,H, Skt H HER T,
B3 m/2283 MR, AR 1 Rl WEBFEHIRIER MY (MR ETTMAE, BEFEVGHAFIEMN_—F
EFalES) 5 R R G AR, REANFMLERREANR, 25053 H A R R IR
RET (m/z377, 311, 283), RMWICHR[4, 15 - 18 1MEK AR ALK R R BE 0 S H FE AT IR
L i R AR (LB 1A) . PEHEARIEMC M RERE SR Ef O 4% S TR, BEImATEHIRIE, HiEs
FEFIEL P AEMHES F B FIEK 16 amu, FI S HFFMER B F (m/z 393, 327, 299) ¥ L7
A AERAFIERE B F K 16 amu, SHHES FEFEEEMR, SHBKERRFIENSEHPHEFR
oy, mAAMBIEREDY SFEBMIENRME S HRE, R IESTEBIRIERD, BIELERER
A RBEBE N—S 8, B3 m/z377T WEH, A5 C—SB8WE, B3 n/z312 R, B=PHHE
RE AN R RRECH 28 B C,H, St ARERR, B3 m/z 284 MBERST- ) Rk RmE e
WHE 1B, MhABIERBUD I FERIER R B FA m/z 268, 262, 135, FUikREMEILE 1C, H
BTYFEREN m/z 268 ZHEEHBRIABINESTE T, m/z 135 BHEBTINBIET., B—FIEEF
m/z 262 I Diels — Alder RNV K FEIKE _MWEINN®F, FE, R\R 1 PO E LY
3t R R R 5 B T AT 3 L S (I 1D)
2.4 TEMFHERRBILE

SERREERRIE, FTREB IR AP FGE S, B Met ID solution J 2 2R M4 K 0 R B BT B3R
BRI, FAMMER, WARGERE N RS RIGIER A B FRATHIE, &P ROCEDH
TR, BARERHRESR, SHSFATRAEHEN KT TRARUEMEXTAE
ME, REBEZEIEDIRE, SMHSTERRE T, H5EIIEREUD (m/z 377, 311, 283),
Lot e R (m/z 377, 312, 299, 284, 151) ., MIEARIE 2RI (m/z 268, 262, 135) FLLHy
AR KRB (m/z 353, 339, 311) FH X FHBER —FRlE - 5 WS R E P = AL R ERA BT
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LR, #HERHTRRSGHARFGERERRE, & 2~3 2050 2 FH R B 3R BRI B 2 4
B, MTTSEBL T LA m R OL T, X R4 M P 8RR —BREE - 5 I KA RLD T ERTIE

A % l—‘u-

|
N N ; N,
B0 W8 R i B i
r/\N-\ N - . —_—
R M 0= O,
X=0, m/z 377 X=0r, m/z 311 X=0, m/z 283
X=5, m/z 393 X=8, m/z 327 X=5, m/xz 299

H

Sildenafil and analogues 0 \IJ:T,A\
- Y, N
" " llwkr";m -CH, @rf\:ﬁ; /
. N . :

{ \ (M, HT X 4]
T . T I )"
(\N,ﬁ(:]\)\\kag_, ;@k\ ,\u{_\/' ) ULN:“I .
/-\I\) !

m/e 32

Y 177 WI"H“‘ 0 @;‘JHJ\
’E 3 0
o o |-1N)'\(4LN PN
0 o N HN~
Vardenafil and analogoes N
4]

m/z 299

R=CH,, n/z 268
R=NH,, m/z 269

m/z 3533 m/x 339 m/z 311

Acetildenafil and analogues

B 1 ARFREBER BN -5 MR AR RUDE R R B TRRFER
Fig.1 Summary of proposed fragmentation pathways for formation of common fragments
from various PDE -5 analogues

m/ 25052228 |
) ? 1.0+ B
254
200 nm ‘ . ‘ Hydroxyvandenafil
= A =
2 100 || ~ 0.5+
= | | | |
L I : : 00 |4
I T T T %
0.0 10.0 200 30.0 0.0 0.0 20,0 300
1/ min 1/ min

B2 FHYEESE HPLC/UV S e (A) RIS THE (B)
Fig.2 HPLC/UV chromatogram(A) and extracted ion chromatogram(B) of a positive sample
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5.0+
505.2246 1.5+ ‘ abL Lk
| M=* [rrecirEor
M5 71280
. . LA
= a5 =
e o 2841274
037 151,084 3
0.0 . " . 0.0 L { ]
300 4000 500 LN 200 X 404)
msz msz
; 51.0892
312.1591 177.1280 o 151.08
299.1153 M= precumsor &

L5 505.2246 < 504
= [ = A MS* precursor
= o - e 312.1578

9. - 2.5+
87,2152 =
[ }Tfmll]ﬂi
|
(1113 T l b, | - 0L.0-— T — T
250 S00 {44 200 300 400
ms/z miz

B3 EEAAMRIRR S FRE A (IEE THRN)
Fig.3 MS'™ spectra of hydroxyvardenafil( positive scan mode)

2.5 ZMEE., MHREEETR

BCHI R FIA ¥R PDE - 5 KB S A HERS A MAL A T REAT I, DA Ao g mE AN LR E
WEHIRHE L, REBLMWERHGTBAMEXRE, SMrkE s, U3 A ESKNERE(S/N=3)7
B AL I SRR R (LOD) , Z65RRH, 28 FALAMINI LOD % 0.2~7. 0 pg/Le BL10 frfEe
FL(S/N=10) X NI B AR IR E R E A AR E R TR (L0Q) , £k M iR i SE 1 & IR B
FhH 28 P LM ERTRA 0.04 ~1.18 mg/kg; H AR 28 AL A ¥ K 52 & T R4 0.007 ~0. 235
mg/L, SEREHRIE 2,

F2 28 FHEEER _EEAE -5 MHIFICRE IR, RMEVEHE, HXRRE,
KR, e B TR. B R AR X bR =
Table 2  Retention times, linear ranges, correlation coefficients(7), limits of detection(LOD), limits of quantitation(LOQ),

average recoveries and RSDs of 28 compounds related to PDE —5 and their analogues

LOD Capsule Oral solution
No. Compound tiljne:zr::i(;n) ;.l(near.r:n_gf p/ w/I(‘(r)nQ . Recovery RSD /IE?HQ . Recovery RSD
p/(pg L") (pg-1H) T Ry % P R /%
kg™) L)

1 Yohimbine 13.16 1.0~50 0. 999 0.5 0.10 86.2 5.3 0.020 89.6 9.1
2 Carbodenafil 14.42 1.0~50 0.998 0.5 0.10 47.9 2.5 0.020 66.9 8.9
3 Hydroxyacetildenafil 14.93 1.0~50 0.998 3.0 0.50 31.0 3.3 0.100 75.4 9.1
4 Nor-acetildenafil 15.23 1.0~50 0.997 1.0 0.18 60.0 10.1 0.035 83.2 6.0
5 N-Desethyl vardenafil 15.64 5.0~100 0.992 3.0 0.50 33.4 11.2  0.100 70.9 8.1
6 Acetildenafil 15. 68 1.0~100 0.997 2.0 0.35 81.1 10.7  0.070 81.1 12.2
7 Hydroxyvardenafil 15. 69 5.0~100 0. 995 3.0 0.50 68.1 4.9 0.100 85.0 4.5
8 Vardenafil 16. 09 5.0~200 0. 996 2.5 0.43 89.6 6.1  0.085 80.8 3.8
9 Piperiacetildenafil 16. 55 1.0~100 0. 996 2.0 0.35 77.2 3.1 0.070 89.4 9.2
10  Hydroxyhomosildenafil 16.99 1.0~100 0. 999 0.5 0.10 73.5 7.9  0.020 84.2 4.6
11 Sildenafil 17.14 1.0~50 0.999 1.0 0.18 71.4 3.2 0.035 86.6 7.3
12 Homosildenafil 17.52 0.5~25 0. 999 1.0 0.18 73.4 9.4 0.035 63.6 6.7
13 Avanafil 17.81 1.0~50 0.993 0.5 0.10 92.7 141 0.020 85.5 6.4
14 Dimethyl sildenafil 17.82 1.0~100 0. 996 1.0 0.18 80.8 5.0 0.035 90.1 6.6
15 Udenafil 18. 46 1.0~50 0. 996 1.0 0.18 82.1 11.5 0.035 71.8  12.1
16 Mirodenafil 21.35 2.0~100 0.997 2.0 0.35 114.0 8.4  0.070 74.4 5.7
17 Xanthoanthrafil 21. 69 2.0~200 0.997 5.0 0.85 85.2 11.2 0.170 101.8 10.3
18 Hydroxythiohomosildenafil ~ 22. 50 2.5~100 0. 995 1.0 0.18 66. 3 9.8 0.035 75.0 6.7
19 Aminotadalafil 22.55 1.0~100 0.998 1.0 0.18 67.1 8.8 0.035 107.2 8.9
20 Thiosildenafil 22.79 1.0~100 0. 995 1.0 0.18 107.0  10.7 0.035 97.2 8.4
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Retention Linear range LOD LOQ Copese LOQ o sefun
No. Compound dme(min)  p/(pg - L) r p/ w/(mg - Recovery RSD /(g - Recovery RSD
prine (pg-171) _lg % s/% P _lg R/%  s/%
kg™") L)

21  Thiodimethyl sildenafil 23.14 1.0~100 0.997 1.0 0.18 97.2 10.2  0.035 82.1 7.9

22 Thiochomosildenafil 23.29 1.0~100 0.999 1.0 0.18 62.1 8.9 0.035 86.5 10.3

23 Sildenafil analogue I 24.26 2.5~100 0. 999 2.5 0.43 87.3 9.6 0.085 80.1 9.9

24 Tadalafil 25.27 5.0~200 0.999 2.0 0.33 111.5 14.9 0.065 89.9 6.3

25 Chloropretadalafil 26.18 5.0~200 0.989 7.0 1.18 49.4 11.6 0.235 82.0 13.5

26 Gendenafil 29.89 0.5~25 0.993 0.5 0.10 86.5 12.4 0.020 85.0 11.4

27 Pseudovarnafil 30.49 0.2~10 0.998 0.2 0.04 90.5 8.5 0.007 92.3 7.1

28 Norneosildenafil 31.79 0.5~25 0. 997 0.5 0.10 84.6 6.8  0.020 74.7 2.9

2.6 FHEMEWESHENIRERE

M N8 2 KA 2540 0 B BEAF R D IRV i, BEAT LOQ R BE/K R AR E e 525, “PATHIE 6
K, HHEEW R HERZ, SREH, HERFYRERERR 31.0% ~ 114. 0% , HAHEEEI AR
. N-ZZFEARHITIE, Chloropretadalafil F Carbodenafil BT 3 T HI R N 08, BT ER AT S AR (2
F50% ), THEHREEWEL 60% ~120% , FHXFRAEMZER 2. 5% ~14.9% (£ 2) .
2.7 SEBREEMATIE

NRAARITFEN TG . #MNFRGUB SRR R . ik, BRE. DRK)IL45 kst
T, FHEERRRMERIR 3,

£3 EhHERUESR
Table 3 Detected results of real sample

Sample Numb(?r of Compound detected
detections
Tablet( 5 7), capsule( BZZE), 7 Sildenafil ( Fg3 B E) : 0. 84 mg/kg~780 mg/g
pill(ZH.), health wine( fRI&H)
Tablet( F7]), capsule( BZ3E), 7 Tadalafil (fB3&BBIE) ; 13.4 mg/kg~26.1 mg/g
pill(ZH)
Oral Liquid( 2 AR¥) 1 Yohimbine( F% ) : 0.76 mg/mL
Tablet( ;7)) 1 Acetildenafil (ZLH1FFIE) ;. 3.06 mg/g; Carbodenafil; 0.21 mg/g
Capsule ( 5258) 1 Tadalafil ( fBiXFRIE) ; 6.24 mg/g; Hydroxyacetildenafil( BRI MATIE) ; 65. 4mg/kg
Capsule ( B 2E) 1 Vardenafil (fR3#8FIE) : 7 mg/kg; Hydroxyvardenafil( FEARMIIE) : 6.29 mg/g
Pill(Z5 ) 1 Sildenafil ( TG HBIE) : 570 mg/g; Homosildenafil( EEFGHATIE) ; 41. 1 mg/kg
Capsule ( 5138) 1 Tadalafil (fbiAFIE) : 7. 76 mg/g; Homosildenafil( ZEEFHHIATIE) : 10. 2 mg/kg
Capsule ( B 3E) 1 Vardenafil (R FIBIE) ; 16. 8 mg/g; Hydroxyvardenafil (FEEEZHIRIE) ; 0.437 mg/g
Capsule ( B 5E) 1 Sildenafil ( FAHEAFIE) : 542 mg/g ; N-Desethyl vardenafil( N-2 Z.ZEfRHAEE) ; 1.8 mg/
g; Hydroxyhomosildenafil (JREE B B PEHARIE) . 48.5 mg/kg
3 & i

ASCESL T RGBT BRI - 5 I R SR B WA € — BT B - TRAT Y TR A R R
WIRESWIE %, SOTERERERE, MEGE . REER. aFty, EdEERR. 27
AMULZ ZHAETRIERER, T CMUERROLEWHTRI, FREFFETRER, #
Wi H RS, ENERARESR BN RARE L T AR TENSER, ERTRMA. GRDHE
JWEIR —FEE - 5 1MHI R ERAY DL R ARV N B B IR B - 5 MBI LD PRERE L K,
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R R A& B R E R R R

TEEBT RN BT A H—F R RS R TR, SR SRR AR E AR R TR
FRFGEHETAROIFANRZI G LEERE R, PrEHEMHEZAMIELORZAREHNER

P, BEEANGHR, EAH, SAMBERBSAEREMRM, BEKF, EEH, SHESFS

1E,

W “BER” PKEARL 10 pm, EF= XM A EEMH 3D #otezIBR,
PR RGN, XMEFAEHIEENTK, FUEBRENR 280 MPa, ARG B F L, LO0MN

BB, X—BHARREEARERE (BXRB¥REET) L.

AT REE T RGBT EBURAS, T2 fLARHEA T TE B A T,
(fERBRIR. #eM)
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