© 2238 « ¢ £ % Chinese Traditional and Herbal Drugs 3F 46 3% 25 153 2015 8 H

UPLC-MS/MS N EIE 7 RIREEMmAPIEERINA 9 Mt (R =254

miE %&iéﬁ, At Mae”
LT B AL 2 R IR A e, WYL FER% 314050
%#F?ﬁl: Em, WHT 3% 314001

ﬂ& **tr&

Nrﬂ

W ZE. Bey @A TR DIPTSR R PR N 9 B BRI ) O BRRR I ZZhr i FH S
AR R, AR AR MR PR 2RO EE . AR BRARSCHIRAE) W57k, FiE R UPLC-MS/MS
%, DL Waters Acquity BEH-C g /1 (100 mm X 2.1 mm, 1.7 um) A{Oi%F:, DL 0.1% R FENAR (A) -0.1%FR/KER (B)
HRBHAH, BEREEVEM: 0~5min, 50% A; 5~7min, 50%~90%A; 7~9 min, 90%~100% A; 9~10min, 100%~50% A
AR E 0.2 mL/min, #EFEE S pL, #HE 40 C. &R ESI AT ERTHEHE. 2 XMV (MRM) BCE 9 Rl R
A2, @I s MRM B IE R T 0 T R IR A B U R B e CA T OR B I I A5 R e R
M2 208, FHARYE SR LS I AT SR I e . G53R 7oA (ol ROTE A T, 9 Pk 2= 29 W R 1y
ZRIU. FERE] . FAEPEE . GAACME, fluk g, MOERTEHA AR FHOARAE. ARHARAE. SRACSCHARARR A B R AT,
AR (LOD) ¥J7E 0.1~0.3 ng/g, EmE (LOQ) H7E 0.3~0.9 ng/g, b INAEFRIN R IYLE 88.4%~116.3%. 68 fLIIE
SRR T A 41 I T ARy, BHYERN 60.3%; FER A T MG PR AR AE . AbiA e, BHORAE. BRACY
HIRAE. 2518 AkfiifE. W, REBUER, ATE R ST IS OME S b AR Ik 2 2 i P R A 5 i
FKHEi7: UPLC-MS/MS; fh225¥; fREE& s ARVEIIN; FREBE 2 0, FSEid; R, A Abisduk; #
IR VGRS AR, ZHRE; A EE; HRASCHRAE
PESES: R286.02 XERFRRRD: A XEHRS: 0253 -2670(2015)15 - 2238 - 08
DOI: 10.7501/j.issn.0253-2670.2015.15.011

Determination of nine chemicals illegally added into antifatigue health foods by
UPLC-MS/MS
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Abstract: Objective To establish an accurate method for the determination of nine chemical drugs (phentolamine mesylate,
methyltestosterone, stanozolol, danazol, tadalafil, sildenafil citrate, aildenafil, vardenafil, and thioaildenafil) which were illegally
added into the antifatigue health foods. Methods The UPLC-MS/MS method was adopted. The samples were extracted with
methanol by ultrasonic processing and separated on a Waters Acquity BEH-Cg (100 mm X 2.1 mm, 1.7 pm) column with 0.1% formic
acid methanol (A) and 0.1% formic acid water (B) as the mobile phase by gradient elution (0—5 min, 50% A; 5—7 min, 50%—90%
A; 7—9 min, 90%—100% A; 9—10 min, 100%—50% A) at a flow rate of 0.2 mL/min. The injection volume was 5 pL. The column
temperature was 40 ‘C. The positive-ion (ESI") source and MRM mode were used to separate and quantitatively determine the
chemicals. The obtained molecular ions, fragment ions, and retention time for MRM channels were used to identify the nine kinds of
drugs by comparing with those of reference substances. The obtained peak areas were used to determine the accurate content of the nine
chemicals in the antifatigue health foods. Results A good resolution of the nine kinds of chemical drugs, including phentolamine
mesylate, methyltestosterone, stanozolol, danazol, tadalafil, sildenafil citrate, aildenafil, vardenafil, and thioaildenafil, was obtained
under this UPLC and MS/MS conditions. The limits of detection (LOD) and quantification (LOQ) were in the ranges of 0.1—0.3 ng/g
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and 0.3—0.9 ng/g. The standard addition recoveries were in the range of 88.4%—116.3%. There were 68 batches of antifatigue health

foods, among which 41 batches were added with the chemicals with positive rate of 60.3%. The sildenafil citrate, tadalafil, aildenafil,

and hioaildenafil were detected in samples. Conclusion The method is simple, accurate, and has high sensitivity, which can be used

for the qualitative and quantitative determination of illegally added chemical drugs in the antifatigue health foods.

Key words: UPLC-MS/MS; chemical drugs; health foods; illegally added; phentolamine mesylate; methyltestosterone; stanozolol,

danazol; tadalafil; sildenafil citrate; aildenafil; vardenafil; thioaildenafil
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Table 1 LC-MS/MS parameters for nine kinds of antifatigue chemicals

tg/min IS % HEa BET mz) TERHAT mbk) ST (mkz) HILHREV  fRERER/eV
2,18  FREERMY 2 H B ESI 282.2 211.9 90.5 30 20, 40
2,63 fRHhiRgE ESI 489.3 151.0 312.2 55 45,38
2.88 MR PG HLARSE ESI' 4753 100.1 283.2 50 30, 40
3.09 EZHUIAE ESI 489.4 282.9 312.2 50 40, 40
3.62  flisHAE EST 390.1 267.9 134.6 22 2515
470  fARSCHIRAE ESI" 505.2 98.7 299.0 50 36, 40
5.04  FEE ESI 303.2 96.5 108.5 35 25,25
521 )M ESI 329.3 106.9 120.9 55 45,38
5.72  akIRmE ESI 338.3 90.5 147.6 38 50, 25
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231 RA N SEHE R HS RS ER 9
PG HE A2 10 mg 735 BT 10 mL B R+,
FH& 0.1% R (1K) FEE 6 mL &8 A i, 134 s n il
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53 A GG TR S AH AR R B2 PR R 1y 22 Bl | PR 52
Fi . E) AR L AT AR BRAR R
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mg/mL; A Fz AR MR PR b AR 5
HEIRE 5 10, 250 504 100, 200, 400 mg/mL
(R A5 X0 Lt VT o L v PR B R 3 22 oy 5 M MR IR
PEHLABAE N 55 R b T3, i v A5 DA AR i s
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1-phentolamine mesylate 2-vardenafil 3-sildenafil citrate 4-aildenafil

S-tadalafil 6-thioaildenafil ~7-methyltestosterone 8-stanozolol 9-danazol
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Fig. 1 TIC of nine chemical drugs
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Fig. 2 MRM chromatograms of quantitative ion pairs of

reference substances of nine chemicals
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TIE PSR WA 09 Bl B ARy 1) i g . &5
RRW], Bk 3 FhRIA A B 2 AT
HARIE, ikl miter.
26 ZMHXREESNR (LOD) FAEER
(LOQ) iR

H“2.3.17 TR IRA N R, % “2.17 A
“227 TR, BUSAAFERENE, L&A E
BTG IR (Y) MREREE (X0 2 HbsiE
Mk, fHEETREMMCRE (D, WK 2. 455
XKW, 9 L EZAE 5~400 ng/mL B 10~400
ng/mL ZEVER R K LR, r ¥ILE 0.990 5~1.000.

B R S G RS &, & 50 mL
T, 3% 1.0 mg/g IS I IN TR A 0] S
2 “2.3.27 TN IR AL B D FRRE J 1ERE
DMERELE Y 3 IS0 2451 LOD AERELE
10 L AAL 222010 LOQ, S5 2, 45 RE W]
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Table 2 Linear equation, r, linear range, recovery rates, LOD, and LOQ for nine kinds of antifatigue chemicals

i IR r &M E/(ngmL ™) FE/%  LOD/(ngg!) LOQ/(ngg)
HRERRI 2 Y=5319.8 X+508082 0.997 8 5~400 94.2~113.6 0.1 0.3
et A Y=141.8 X—243.4 0.999 4 10~400 93.8~102.3 0.2 0.6
MR P Y=679.4 X+11922.5  0.999 0 10~400 100.1~110.1 0.3 0.9
AR Y=284.9 X—17.55 0.999 6 5~400 103.5~112.0 0.1 0.3
fibik hr Ak Y=607.2 X+326.7 0.991 4 10~400 102.1~115.0 0.2 0.6
TR A IR Y=1690.5X—1610.6  1.000 0 5~400 91.2~105.2 0.3 0.9
FF 52 ] Y=15373 X+39346.4 0.9905 5~400 88.4~116.3 0.2 0.5
L Y=1032.9X+13960.1 0.996 4 5~400 95.4~116.3 0.3 0.7
pr.y] 131 Y=539.8 X+13309.7 09914 5~400 93.1~115.9 0.3 0.8

LOQ #J7E 0.5 ng/g LN, R ERAR IR B
JE,  SEATRENE L ARVES I AT 2K .
2.7 HERBEERR

HUTCR R )24 200 ng/mL [R7R A6 B S
Sul, 4% “2.17 F1“2.2” TR, Bk &
W, ESME 6 I, THE TR ZH .
WAE MR VGHIBAE . 2R Ak hr e, iR
ARCHASE . SRR, R H M R T

X J i e TR ) RSD 43900k 2.3% 6.7%- 2.8%-
2.3%- 7.2%- 2.5%- 3.2%- 1.7%- 4.6%, H7E 1.7%~
7.2%, R TIERG 2 R
28 EEMHIRAE

R BEPRIORKE H 9 b4k 27 24 (R B P e 3 A o
G B R R e 1 IR &, 3L 6 4, 2 il ks %5
AN R 8 WO &, AT & APk 2 2 B Rk B 3
M 1.0 mg/g, % “2.3.27 TR J5iEREATREBCH] R
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HIRIEYI 200 ng/mL [, VB AR SRR,
F €217 R €227 TNk S AAEREREI 2,
LR o R Mo H RSD. 45 5 W R PR 1y 27 1
FHSER W] HPREE SR, 2R E . AR 3L
AR Mk hr k. MR PEH SR . At
By #0sy h 1.05. 1.03. 1.06. 1.02. 1.07.
0.98. 1.02. 1.04. 1.01 mg/g; RSD 437 3.8%-
4.1%< 2.9%- 52%- 3.3%- 3.0%. 6.2%- 2.6%-
5.8%, RWZTIEE SRS
29 BREEMAE

B “2.87 TR AR s, R I S T
0. 2. 4. 6. 8. 12h, KENE. R4 ik 9 Fpik
21T A N I AL RSD 40
2.8%-. 5.6% 2.95%. 3.2%-. 5.7%. 2.4%. 3.8%-
1.6%- 5.5%, FHIMXNMERAE 12 h WEE .
2.10 fnfEEERIKE

FEERRICA T 9 Fhfb 27 2 1 B 1 Jls 2 70 i
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CREERE R ES 0y« ¥ B A AR g 3 D FH RLFFARE o U
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TR T2 sl i i, 2 i AT 1,04 2.04 4.0
mg/g 3 MM EICRIRE, 45 R WK 2. 45
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MEAFR], H AR 2 B SE 3 d A PRI 2 15 5.
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3
2 1. T Q) BFaEILEE

M ) RS AD BEPESERTEHTIE (A). RiERidE B). ZHIPIE (). FHAXHMABIE (D) B9 MRM E

Fig. 3 Ion pairs chromatograms of MRM quantitative (1) and qualitative (2) for sildenafil citrate (A), tadalafil (B), aildenafil

(C), and thioaildenafil (D) in solution of reference substances (I) and samples (II)



¢ £ 4 Chinese Traditional and Herbal Drugs 3F 46 3% %5 15 20154 8 A ©2243 -
#3 HREEREHES =3)
Table 3 Sample information and detected components (n = 3)
RS TR S s M H AN fh 2

HER RISy 0lg & 14062801 GRARR IR A AR At
BEBEBMEAEE x 20140716 I HREMETEEE MR REAR AT KR
R 05¢ k& CO78/062/A13  cantrust life cience crop PR istin
ER VAU Siitey! x BOART 007) 0685 20140305  PHEHEM M IRARAR At
SRR QIO MI# 03¢ EEET G20110661 14062801 T BRI RA T, S R

i B MR A AR
BEEEREIAZA  032g  EEET 620040972 599001410 ZARHEAGL: MR ERAARAT: % Akt

AT RS AR A A
W RMESE  S00mg  EEHT G0100501 20140701 TR A R AR it
G 06g  EIFNTS: 1998/0795 x [ STRONG LIFE [HFreE A RARSAL Ak

B AR L A A WA R
BEARIESER 3¢ [ {7 G20060770 KD001 TR E Kb A RA TR T REE ARt

FENARAH
SHMEEESKEE  05g  PABT997)% 5355 20140803A  &HHIZ CPED HRAH At
VAR 600mg  [E T G20050108 201404074 AREEREHARAF A
HERME DR % H & T 62011062 201446315 B & AR IR Akl
AAHME S 05¢ AT 620100623 541044307 RHCH &R AT il
FER R IR 0mg  DRET (1998) 5388 5 KD003 FbHERER AL ARARET AR Kt

R RAH
CERR 980mg HEEEMET (201D H0285 20120508  IbmEEERHEREERTHEAR MR TG R AE 130.0 mg/ b
R 05g  DEEF2001]% 0284 5 2012-0228 AL FEERH R EA R A HAER Tk 128.9 mg/hi
EISER TN 800mg i &S (2004) 26 5 2014-03-18  HupEEIAE A AT AR E 62.0 mg/kil
s R 05g  HEDAF (2007) 5 130403267001 2013-10-12 I ILHRHBHE e dI2 5 IR A IR TR 82.9 mg/ki
FEAGTH % BT 200350265 2014-04-02 AT A A MR FAAE 226.1mg/
JEE R 2000 mg £ 2014-01-01 FUIUIE VEAIRA R MR A 1347 mg/hi
1Ly 980mg Kb 20140116 FEIEREY TRARAH HBIRTEHAE 148.5 mg/Jy
KPS IE 4 4800 mg [ E{#T 620060562 2014-03-16  FERM I EDREARA A MR T A 145.5 mg/hi
WE TR 580mg  WLEIMES (2008) 55010175 2013-01-10  FSHEARMERHRAT Rk 98.4 mg/kil
WAL 999 % 500mg 2014-01-22 TR R () SRR MR TR EE 48.2 mg/ki
HRANE T 90mg I x PSR A R A ] MR A 82.4 mg/k
R AT A 2000mg £ 20130605 FEKEAAEEE (HF) £HAR MR TG H A E 260.1 mg/ b
NERE 2800 mg BT (2004) i 0468 5 20140108 FRABAYARA A HURARTE H Ak 248.5 mg/ki,

fluikfidk 41.9 mg/ki

F[E WS 3 % 2004-03-08  HIFBEYAHRAT MR PGl 192.6 mg/fi
FEH B 2000mg & 2014-03-01  FHUIENVESIHIRA A HIBRRT M54 48.9 mg/ki
SMTRE 800mg k& 2014-08-16 P EPEEEREDRERERAT PGB TTHAE 221.3 mg/ki
Hinas BRI 880mg % 2014-02-03 TR SR () ERARH HRAIRTG A 148.1 mg/hi
Eii i 584mg  BIRFEIET (2010) 010095 L " ME 2 EAEDREA R AR M Pt AE 1347 mg/
PRERE 450mg HPEMET (2005) 00185 2012-07-01  PEREREYTREARA AR TR 96.4 mg/kil
i 300mg LA (2008) 5 0178 2013-08-01 FRBEAYEALA MRS TG H Ak 235.8 mg/ki,

fhik e 20.6 mg/hi
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BRAT foig iG] M= H PR % iz
it 300 mg BIREME (2008) 550178 5 20130102 BB EDEA AT IR FTHTE 302.0 mg/ii,
ik 29.8 mg/fii
[ PR A R 250 mg x 013018 FEREWRE (ERR) FAAR IR A 142.5 mg/
ple 200 mg x % G TR R IR AT IR RE 176.5 mg/i
SRAGIRE 980 mg WO (2009) 0155 2014-02-15 PO A (R A TR A R HMRRTEHITAE 139.4 mg/hi
Vigour800 /7 800 mg x 03R012A KBS R MR 107.3 mg/F
R 500 mL X 2012-0924  WABEEARITAR IR 0.4 mg/mL,
FHAE 0.3 mg/mL
SR 250 mL % 2012:07-13 PG ARSI KA R A AR RAEHIE 03 mg/mL,
DDA R 2R B A B A i 7 FHAE 0.1 mgmL
A % x 2012:02-18  SMBHADHAHRAT BRI 0.5 mglg,
fhikHifE 0.04 mglg
SHEMSEREIES  500mg X 140501 WG 2R ) At
Bl 300 mg EAMT (2008) 4 0178 £ 20130801 bR AL MR TR A3k 203.1 mg/Hi,
flikHiE 15.0 mg/hii
WS IR 250 mg BEEMET Q01D H 0385 2012-10-15  FEAMEAEDARAR IR IE 84.6 mg/hi
BT 250 mg X 20130301 FEECIHAEN TRERAR IR FTHRE 172.9 mg/i
o x x 20120709 FEMAEEEWREHERAR HIR TGS 135.1 mg/hi
iiERiinlive x x 20130220 FEAVEEADREARA R E 145.1 mg/hi
o) P 400 mg X 20140722 RS B 2 TR A MR T 119.6 mg/ki
T g, HiR 0.25g. 250mL P&AET (1997) H735 140714 TR AR A K
B IR 025¢ [ &7 G20060434 501021306 ZARAUR: AR GRED AMRHAHRAR KK
AT RO A RA A
ARMANFETHIRE  100mg & T 620050723 20140101 ZHA: RRERSAMARAR, ZHEA K
A BT H R R AR
BEREREE2ARE  300mg T (1998) 54785 20140615 [ RE LR R A ik
R R 250 mg AEAMET (2009) 50655 20130402 Hse 1 e R R AT SRR T 129.8 mg/ki
LIS e 6800 mg %t 2013-01-02  FESAEDRHARA T HRRTG I E 94.4 mg/ki
100 A RE 9800 mg WU (2009) %1565 2013-01-09  FHEERADFHAHRAR MR PG AR 62.7 mg/ki
BRI 500 mL TEET [1998] 2725 2014-03-01 S BORGRAMERAIRAR; TR K
el = A= F AL AR A
BRI 6800 mg [ &7 620070012 2013-07-18  FiEGREREDADRHARA VIR E 103.4 mg/ki
BT AR 04g TR (2002) 205945 20140515 IR A ik
AL 04g T&fT [2002] 500825 20140701 WL T4 A AR ik
R R 990 mg AEAMET (2009) 50655 20130402 Hse 1 e R R AR SR T 129.8 mg/ki
A 38% X 2014-12-08  THRBHFBLARAR BACZ IR AE 0.5 mg/mL,
ZHHE 02 mg/mL
WM SRE  500mg [ & {7 620100501 20140701 AERETRE G A A At
B (B R R 05 X 20140504 I M A R AT KA
T ERE 9900 mg X 2014-06-10  FERUE B YR I FIR A E 121.8 mg/ki
41 VGA I 3000 mg X x LSRR AR A PRI E 143.2 mg/i
YT IZ R 028 ¢ i 7 G20120029 GI130201101  J" AR HIZIA AR PRl
JEHHAR S 4 (R A 715 mg SB/T103472008 20140427 REFGHREDRHARAR Ahth
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W TR A-10 mmol/L ZFRE VTR . 0.1% H1 %
CIEEEH-0.1% T RAKHFW . LNEHH-10 mmol/L
LIRS 4 NSRBI R, 55T 0 9 i
H: B 2R Ak 27 25 1) 1) €233 3 25 2380 SRR JB 33 W) S5 ) DAL
Fo WAL, CxEREMT Co 55 T A
BELL 25 A R T4 00 2 T 4 85, s R R n]
P v T P o S PR 528 2 1) A B B, S5 R EL 0.1%
FH R FH B T -0.. 1% T R /K B VR I I AR AR 3R R A
TEA VAR AR R I iR 4, w34 LA
0.1% A E, W ARAUE 9 P BH Ak 2 20 B A S AR 1)
T 4y B R g vy PR O e AR o 0 R IR
AT TR, 43 3 ANI TR BAS A HAH AAITLA 1) 50%
A5 100%,  ARAEAZH 53 15 3 K UF 05 25
3.2 MERNIEE

IR 9 M oy T a R A N R, R
FEST HL&, fEIEE PRI, @kt fLH
FEIREE, SRS A tE [M+H] 2 T3 T
U I AV o P20 KT 0 T Al e 1 () R AL
b, EEEFRE RN HASE 1) 2 MEF BT, Mk
—YlEtEAE RS . KA MRM Wlle, HAHK
I R RLEREME . 1 H MRM B RS )
fe, MEIEARETEAEM 2 Mk, £ MRM
FETLLUA RIS R, WMIEZ AT, R
REAfG AT AT R A I IR R B2y B R A i 1)
PRI .
3.3 INHEEUERERS

RIER NI Rl AU 3 ) 20 [ A
s AR EEAT RISCRAR S LA 57 VA HERPE . 5 18 2
AN B PR S BT A i BA A (R 26 m] i Js AN [7] 1)
oM, SR AR AR LR 9 Rk 2411
DAt it P HRVR 5 L R, 29 ) R B R v A7)
FULF 3 PO A BT, 43 AT A [ 6
5o SRR, BCEER. AL AL 3 R
FEMRMC A B AT B 2200, & B AR S47E 80%~
120%, R T FAERVELS o
34 NG

EFE 9 PR FHR 25946 0 H A%, K H UPLC-
MS/MS 2 & W W S A a7 7 — MR AR
WG RS m S HERf PR ) i AR
VE e UHEFERI R IR 18 ANIE I KA N R
B ONERE R R e B, BT

PUR 57 AR ORAR B RS IS DN A 203
GINEABGE R TR il AR 9 Fi
RIS S 2 O ME BRI, 3 T S LAt ) R O
il B i MR R 2 B S PR DA 7

S Ak

(1] £ L, MS0k, & %, & iR i) St
FILRE 74T [7]. ThEEZY, 2014, 45(3): 437-442.

2] T=EA, B, w&alK, 5. UPLC-MS/MS 72l
5E M R 2 b B2 T AR B W R ARVETR N 34 P A AE 24T
WY 1. "h5E2y, 2015, 46(5): 688-696.

3] #aodk, WE, BE =, & RERZAR 2N
FR AN ITE S 1], 29 iRk, 2014,
34(9): 1701-1708

[4] & g, B4 REDS. UPLC-MS/MS AP il
MEZELRAE S T 13 FpARR IR IAG s (7], h A2y,
2014, 45(4): 509-515

[5] XBHEMS, 2efl, B %k ANERHBH SRR
AR I 7 0 5[], R 2524, 2011, 46(18):
1441-1444.

[6] B %, 8 Bk HPLC yZl & MR ve Al A i 2
[7]. HBIBILEEZY, 2013, 26(5): 755-757.

[7] JWfRuE, W o, sk, S AR EEEE
TEANEH: BH 2 H B2 2 AR A £ B P eEIRIE R I 7 ik 2y
By [3]. B2 EEEEZ, 2014, 25(2): 451-453.

[8] hme=E, # G, 5KPUE, % HPLC-MS/MS ik[F 4
BT 57 290 B AR W AR I 7 Rt B2k 27
23y [1]. PEZE5, 2013, 24(33): 3129-3130.

91 > W, BE &, 7, 55 LC/MS" VLRI AN H: BH
Hrp R 2 AR S P AR I S AR ThBESS Ak A
[7]. "2y, 2009, 31(9): 1371-1374.

[10] wicHl, BRI, MUA, 2% HPLC-MS/MS %3 5 #h
5 T H 288 2 sl PR gl R Vs I R 5 B b S AR
FIWEST [7]. %25, 2009, 31(7): 1058-1061.

[11] BRr&2, £8, # 4, %5 UPLC-MS/MS %k
PR T gl 2 B ARG T s I A 22 2 (9], R,
2009, 31(11): 1712-1714.

[12] X i, FEE, FEIRE b B BE S a2y o g s
ALE PRI [J]. PR2554K, 2012, 4(31): 507-509
(131 F ¥, 8 &, 5k %, & ANEHLPE 2y AR
i 31 S BUBERR IR BRI R 04 15 4 U K
AT B 1) T 3% 5 ko A i (0] PR 20K,

2013, 48(15): 1312-1318.

[14] SkEPs, 2 5¢, T M HEH B 25 H07) F ARk
IS INACE 29 A A (7). E 240, 2010, 19(22):
32-33.





