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M, 2 8K, ARER, RAET
GLIEBEPENP LR ARAF, T 510665)

B E: Br o AR E A AR IR e oo - = DU AT R 2k (series solid phase extraction—ultra
performance liquid chromatography-triple quadrupole tandem mass spectrometry, SPE-UPLC-MS/MS) ][] B}l =& f4:
fedt ity v 20 P BRI/ R AR 55 A E ST 0T s 0 a3k FRRR AL 2 WAL IS, AR 280 C 5 [5TAH
ERE . MR ZE R | ORIR AR AL AEAL . SRAT 0.1%H BR(A)FT 0.1%H BR- 21 (BYVE M it sl AH EA T4
BEBERR, T (ESIH)R A £ 5 74 AR 2 (multiple reaction monitoring, MRM)¥EATK . 4558 AN 7¥:4E 5 min
P SERL 20 Fh FARIE G 3 B 5 5E o 20 Ptk B HE sl G M 0 55 AL G E 0.5~30 /L R BE T [N 1t RLAF )
HMERR, MERB(ART 0.98, FEMIIBR)E -1 ECRTE 82.0%~105.2%, MIXTFREMZE/NT 10%, JrikeE
HIRTE 0.1~0.5 ng/mL JuRl. G5 2Oy RE. R RBUL S HEBIVELF, e oo B R A e g
F5 R AR A I PR B 0 T H.

KRR RPN EARATIIEST; ARG S ROBAR (- DUARAT B AREE I

Simultaneous determination of 20 kinds of illegally-added medicals in foods
with claims of improving yang deficiency and/or relieving fatigue by series
solid phase extraction—ultra performance liquid chromatography—triple
quadrupole tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneously determination of 20 kinds of yang-deficiency
and/or fatigue-relieving chemicals in health food by series solid phase extraction-ultra-high performance liquid
chromatography-triple quadrupole tandem mass spectrometry (SPE-UPLC-MS/MS). Methods Samples were
pretreated and purified via a series of solid phase extractions, including C18, SAX (quaternary amine), and WCX
(carboxylic acid) SPE columns. And then samples were analyzed on a reversed phase using a gradient elution
program of 0.1% formic acid aqueous solution (A) and 0.1% formic acid in acetonitrile solution (B), and determined

using UPLC-MS/MS including electrospray ionization source and positive ion scan multiple reaction monitoring
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(MRM) mode. Results The isolation and identification of 20 target compounds were completed within 5 min. The

results showed that 20 kinds medicals with functions of improving yang or relieving fatigue had good linear

dose-response relationship in 0.5-30 pg/L, with correlation coefficients () greater than 0.98. The average yields were
82.0%—105.2%. The relative standard deviations (RSDs) were less than 10%, and the limits of quantitation (LOQ) for

the 20 kinds medicals were between 0.1 and 0.5 ng/mL. Conclusion This method is rapid, accurate, sensitive and

reproducible, which is a powerful tool to screen illegally medicals-added foods with claims of improving yang and/or

relieving fatigue.

KEY WORDS: improving Yang deficiency; anti—fatigue preparations; series solid phase extraction; ultra performance

liquid chromatography-triple quadrupole tandem mass spectrometry; illegally added chemicals

il

1 5
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55 PR DR £ i S B 24 v B 5 5 T e 0 P DAk . A T
K va 2t BRI 25 R R it K
9, R R 5 A B B SR A 5 57 2 2 A DA £
W2y, ol RN, MEE LA

R GERSY, T AREEN, BATHAT A R
aitE AR EELE T 3 PRSI TE S PEIIREE . fRith
TRAE | At RARAR o 2 A i 24 b B A BRURITE 2009 40T
T2 AN TR IR ARUED), e T AR AN 11 Fhah BB
Kb 2o HmiAn B PR A BR TR, AT PE 2551 AR
ISR, PN 0 F 7 (A it B v 2l s I Aot
P W AT A s ), R T B0 R I Jr vk i) Jry R
P S BT WA TR, DRI DR S AR AR R
2, R b R b 2 Y 5T e A AR RO DR

T A A A 1 22 SCIRAGE DG T OR i S rh 2l
AR A INAL G YRR ik, R UL ARSI T B R A A
T2 (115 (thin-layer chromatography, TLC) | miosiH
11 (high performance liquid chromatography, HPLC) P %
o SRR 3 - = R DU AT % 325 (ultra performance liquid
chromatography-triple quadrupole tandem mass spectrometry,
UPLC-MS/MS) "3 4y ik 45118, TLC 3 AL
IXER A AT BRAERTE . A B RAR SRS, (B S
P2, 255 MEBBAYE; HPLC & @ thas, (1 HREmL
TREREYE, ANREFIEL S W ZEITEE; LC-MS/MS 12
FA & RS s, 2 Bardeamsnib & 259t
ST IZ R TRz —; o BRI an A T I fA) B
DU S B 5, AN 3 U AR SE e S7. 1 Dk A 20 Ffitke
5 B R AR/ B3 AP 3 57 2H A2 40 B 114 B BB [T A 2 - 1 5K
VAR {0, 3% - = 7 DUAR AT B 1% 5 (solid phase extraction-ultra

performance liquid chromatography-triple quadrupole tandem

mass spectrometry, SPE-UPLC-MS/MS), H:H MR E = =
M A FEmr AR AR A WSk IRGE, DA SR AR TR
TRt RS R IR 2E, JF b — R R R S T 3
L N

2 MREREE

21 ML ES5HF

MRS N A FTB,

Waters UPLC-Xevo TQ i## /=i 508 FH 23 - = 2 DU
I A (F BT %5 B T EST Fl Masslynx 4.1 TAF3);
KQ-300 i/ P veA A (R ILEF £ A F]); MS-TS 447K
V(i AR - HE R 224 \]); Milli-Q Al 7K #i (BR v 25 2
D), MS3 IRHEIR &4 (P2 IKA 2 F]); Cg FIFHEEEL
. SAX A ZEBUHE . WCX B AH Z£ HUH: (60 mg/3mL) (=
2% A ).

S R SR HUIRAE(CAS: 224788-34-5), R ELEESE TG Hb,
ABAE(CAS: 139755-85-4) . ZELELPUHIARIE(CAS: 642928-07-2)
Wi A% S b BB IE (CAS: 856190-47-1) . JI 21 4t 7 lE: (CAS:
949091-38-7). ARFPUHIARAR(CAS: 371959-09-0), EhFAH &
TE(CAS: 65-19-0) . FAAMIATIBAE(CAS: 385769-84-6) . £ BB
JE(CAS: 831217-01-7) . PHHBARIE(CAS: 139755-83-2) , fRHIAR
JE(CAS: 224789-15-5) . HRATRI ZFIH(CAS: 65-28-1). filiik
HBAE(CAS: 171596-29-5) . %L PG HBARIE(CAS: 479073-79-5) .
FIHAHIBIE(CAS: 448184-46-1), N-Z= F1 EL PG HARE(CAS:
139755-82-1), —HEPGHIARE(CAS: 1416130-63-6). #54115%
¥R (CAS: 21187-98-4) . . Z & 3 W b 3% $7 9E (CAS:
1588526-67-3) 2 FARMARAE(CAS: 224785-98-2)(LEEI KT
98%, fii[E| DR.E/AF]), HEE. FIR . LG5k, 7EE Merck
250
22 KK
221 2R SR B

A3 BIFRBLA AR | R ILZETIPU AR | ZEEEPT
AR . BACSCHIARAR . AR AR | ARV HARAE . iR
BEE ., @A RE . oA . PaARAE . AR
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MEARAE . FEEPGHARAE . R ZIARHARTE . N2 ISP
HARAE . FIEPUHIARAE . A8 SISTRE . AL AT bk
k. FRILARHIRAEF P R R B Zh X R 4 2.5 mg, M
75 10 min, 435000 FEEE RS 25 mL, il LU
0.1 mg/mL (X HE TR

222 HonaraE

DOFEH

FERIFRE S ¢ K& A A Bk B, TE4N3E:d 80 B, A
100 mL FEE:7K=80:20(V:V)Z AL 20 min, L3E, WE
W45 E 5mL, —20 °CUKARFHE 12 h,

@ik

K H Cis BAHZEBGE A TRE S 2liAk . T5EH 5 mL B
FEA S mL £BFRIG/MME, 5 mL BR4HrkeEdh 2L 1 /s
PITREI AT o T 10 mL #9258 F /K R TRIR B2 95% 1 Y
BN TE . B FH 20 mL PRV, W B vEmi i A

K H SAX WAHZE O 7 2l4k . TS S mL 9253
FAKIEA/ KL, BRI A LA 1 mL/min (937 353 4E, 5 mL
KA S mL H RS B TRAE T, WAV B. B 15 mL
T 1% HCL 1 F I i e, IR R TR C.

KA WCX MBS 4k . 2B FKEk
WCX BEAHZEOE, A L —2 Vel B, KA 3 mL
KT 3 mL FHESE, FFRMIE, &JEH 3 mL & 5%20K
) R A e, SR VR D

A 3F C A D BEBLHE, 40 CCARIBR ST, FH BRIR
ERZE 2mL, 3T 0.22 pm HALIERE,

223 AR EE-E RS

(1) WA RS

Waters BEH C g ff,i41:(2.1 mmx100 mm, 1.8 pm), %i
A 0.1%H ER(A)-0.1%HF ER L 1% (B), #iE: 0.3 mL/min,
PEREARTR: 5.0 pL, AR iR VROAH G R BE R
0~5.0 min, 10%~100% B; 5.0~7.0 min, 100% B; 7.0~7.5 min,

100%~10% B; 7.5~10.0 min, 10% B,

(2) Fuikscf

BT S ES ESI(+), HESEHLIR(IS): 5.5kV, 5
FURIREE: 550 °C, BEAFIACREEFLIORS: Ny, IR <
JEF7: 50 psi, HEFLWCSHLEST: 35 psi, BHES: Nyo FIHIE
o 2 Wil (multiple-reaction monitoring, MRM)$H =,

3 HER5HH

31 BEEHMRK

SIS T R . ZREVE TR AT B AR S 0 i
[E R . 25 SR, 2 st ] f b, o ) s
K, R SRR K R FR . Hok, #9287 HshAl
WINSHE LB R B FSOR, R AL B F4
FNEIN 0.1%H ER 0.1% LR 0. 1% = LR, 45 RFRM, m
0.1%H IR = LR, 21k, WEIE | /s . REUERT.

e, WP BRI C g WARF: A B R 3
W, WA 0.01%. 0.05%. 0.1%. 0.5%AFH LK)
HR, & IBEE B IRVE B R 3 m, 20 Fiib A4 i £ B3 ik ]
Uk FLAr R A (H R N 3 0.5% LAJG, WORAE
TEFEAR . TR RIS IR N 0.1%, 45 NI 7e BB i i
AR RE T HASII
3.2 FRiEs#iii

K ESLIE & AT — B4, 19805 Frik
A BEES T Mo DLABE B FIEE T, SRR TR
U D, Y 2 AFE U Dy Fl Dy, S35 5B M B
B X, SRJGHEAT MRM BRI, %045 32 Kt
Tithite. PEAbE RS EOLEE 1, HWrpF 15 H
FRBE B TR s X 20 PR A R A T I IR
W1, #ALEYIi MRM @i E L 2.

®1 20 MM BRBEORIESH
Table 1 Chromatogram parameters of 20 standards

% &9 BT M(mfz) T#T D(miz) ERERIE/V Tl 4 e s/ V il % 5 SRV

. e EISk 2604 30 4 1
(pseudo vardenafil) ' 50 43 16
s BRI SLPIH 5052 30 3 10
(hydroxyhomosildenafil) ' 487.3* 50 33 25
= 50 64 10

3 %%@iﬂﬁﬁiE 4892
(omosildenafil) 50 50 15
A BRI 5053 105 3 17
(thiodimethylsildenafil) ' 105 55 16
4 55 38 14

5 %BI#@%MF 4533
(noracetildenafil) 297.2% 55 49 14
oy 283.3* 200 44 8

6 %%E.ﬂﬁﬁ# 4603
(norneosildenafil) 200 48 15
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g1
%' (azg?| BT Mmiz)  FET DM  EEARRNV O MHERENY BHEEN RV
; SR TE 3553 144%* 80 26 20
(yohimbine hydrochloride) ’ 212.2 80 30 12
o SAAAR AR 3013 269.2% 70 15 18
(amino tadalafil) ' 169.2 70 40 17
ARIE €15 111 50 37 10
9 467.4
(acetildenafil) 297.2 50 50 16
100.2* 100 34 10
10 Eiﬂﬁﬁlﬂk 475.2
(sildenafil) 311.3 100 40 17
> 151.3* 100 46 14
H (ﬁzifﬁmfkl) 4893 3122 100 0 1
vardenafi . 5 7
1 P s R 2217 280 1 212.2% 200 20 10
(phentolamine mesylate) ’ 90.8 60 50 10
e 268.2% 94 13 19
13 ﬁ%l'—?F?E 3903 134.9 94 28 30
cialis .
” B P AR AR 1913 299.2% 110 47 15
(thiosildenafil) ' 341.2 110 37 16
s % LA 4614 1513 30 43 16
(N-desethyl vardenafil) ' 312.1 50 46 16
6 N~ U 4 TR 4 4614 2832 65 >4 2
(N-desmethy] sildenafil) ’ 311.2 65 37 20
— . 99.1* 132 38 17
- S 4893
(dimethylsildenafil) 283.2 132 28 14
1| S 127.1%* 97 23 17
18 (%1?1J ﬁjlj) 3240 110.2 97 27 16
gliclazide .
" A baA AR 4642 134.9% 100 39 12
(diethylaminopretadalafil) ’ 334.1 100 29 18
2 A 151.1%* 100 50 13
" F AL s052
(hydroxy vardenafil) 312 100 49 16

TR B X

3.3 BIRIBEHML

PR S PSR ERTASTIL AR IR, S~
T RIS UERG P R AR 2 SR, R BB 1R, AL
BRERIr 2, Hri A HAERiR ., el . AHIEFIA
RS . BRI, ARSIKSRAT Cig. SAX. WCX [EIAHAEHL
I TEREAS, Ho Cg /IMERR MRS, i
1T SAX SR E TR IV, FIFZEIE A B BE AR AR
WA B TFRLEY), BJagad WCX 55 BHES A5 s A
BRI, IR SRFISARTRI L G A3 SAX F WCX [EAHZERL
JIMTEAAL S RIS, 1 0.22 pm LIRS, EALIEE,
34 FEMZMEEREHR, TR

B A 20 et REShE I, i R AN TRl BE R X R
BRIV, TE Waters A8 mysSCRORE (6 — T DU T 1 SGHEA T4
WAHT . AR B X (R DML TR e B A T4 M ]

IR EbRHERNZR, TR FERROC R, 2538 20 Ak
BYIE 0.5~30 pg/L JEFIA HAT RIFIILMHEZ( BIKT 0.98).

TEZS FURE S R AL B, #; 2.2 PRl b3y
RHTRE S TTAC R, _EAURI, DAZED 3 A5 10 £5 {50 L
(SINYXSF RO PR JBE A0S Y BRAE BB 0 20 oty Bt i 1) e
#: H FR(limits of detection, LOD)XXTF 0.2 ng/mL, E&H R
(limits of quantitation, LOQ)7E 0.1~0.5 ng/mL G, &fb&

WSt . M R BRI . PR IR 2.

3.5

5.

B REEEE LR

EHRFEA A B EIREFRES, IbRE50h
10, 20 pg/L, B FATHIE 6 (3FEah, He A i
IRy T Al . R, K, SEELZE 3, AF 3 ATLA
B, 20 FfEGWILE 3 AR TR 72 kR 7
81.5%~105.2% 2 [a] , #H X #5 #fE fi 2% (relative standard
deviation, RSDs)HI/INF 10%, ELAT 38l B vHEwff B ARG 4% 2
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Fig.1 Total ion flow spectra of 20 mixed reference materials
3.81 452 2.44
24000 7000 8000
£ & & ,
= Pt AR N 3500 BBV H AR E i 4000 AR
2 12000 = B
[ 8] /min [} 8] /min
2.70 225
80007 24000} 24000}
3 KR HARAE & 3 |
#4000} N- ‘ " I i 1
= o 10000 § 12000
Mooy ln m.hl-xn b 80 il I, FUWI PRFIUL YPTSI VPRI S P s " n L TV ST A S Y M Ta—"
5[] /min it ] /min 5 [E] /min
2.46 2.88 2.86
5000} 3000} 6000 |
g TR I 2 3 g — FL R & ZE TR
= 2500 = 1500 2 3000
found Pl el gt ety Aty sl b e et e ey
s} [] /min FsF 1] /min s} [] /min
3.05 3.29 3.84
15000} 34000} 16000}
£ AT & HsTR £ KaIFEE
= 7500+ i I i I &
% 4@17000 % 8000
5 [E] /min 5 [E] /min [5F 8] /min
5000} 3.65 12000} 258 2500} 3.52
ﬁ%‘ 2500} AR 2 6000} LTHIR 4;;3 12000 Fi A
B [a] /min [} 8] /min

Fis} [] /min

2 20 FfbA W MRM Ji i

Fig.2 MRM chromatograms of 20 mixture standards
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10000 3.14 20000 2.53 13000 2.74
& e e B N & .
= 5000/ Z RS s AE 40000 AL AR AR B 6500 [iipEiR €[5
| = =
ik [ /min o ETIEﬂ/mm - o i [A] /min
34000 3.79 1500 2.37
& &
17000 L HARHARALE B 750 FRILARHARAE
i i
5} 8] /min 5} ] /min
222 20 FE-E 0 MRM JTiE 2]
Fig.2 MRM chromatograms of 20 mixture standards
2 WHERBLMHIE. &MEE. EXEHRFELNRLOD)FIERRLOQ)
Table 2  Linear equations, linear range, correlation coefficients, LOD and LOQ of mixture standards
ha= a7 15 £4 it 1] /min LT MXRFr PSR/ (ug/L) LOD/(ng/mL) LOQ/(ng/mL)
1 Ph ik AR R 3.81 Y=3.82x10°X-2.52x10* 0.9992 0.5~30 0.03 0.1
2 FREESE DG H AR AR 2.71 Y=2.64x10"X+7.89x10° 0.9954 0.5~30 0.07 0.3
3 ZEEPHHARAE 2.86 Y=6.18x10*X+4.72x10° 0.9894 0.5~30 0.07 0.3
4 TRAEL LR (]2 3.65 Y=7.31x10*X-2.69%10° 0.9900 0.5~30 0.07 0.3
5 TREL HTIRE 2.53 Y=3.69x10*X-1.1x10° 0.9934 0.5~30 0.03 0.1
6 AR B PG AR AR 4.52 Y=5.93x10*X+238 0.9938 0.5~30 0.1 0.3
7 HRE 7 2.25 Y=1.74x10°X+7.71x10° 0.9914 0.5~30 0.03 0.1
8 I IRARE 3.05 Y=6.92x10*X-2.3x10° 0.9998 0.5~30 0.2 0.5
9 Lo AR AR 2.58 Y=4.93x10*X-4.05%10° 0.9968 0.5~20 0.03 0.1
10 PaHLARAE 2.74 Y=2.74x10*X-256 0.9932 0.5~30 0.2 0.5
11 A AR 2.44 Y=6.34x10*X-1.27x10° 0.9928 0.5~30 0.2 0.5
12 H i RR I 2% hr ] 2.46 Y=4.87x10*X+517 0.9940 0.5~30 0.03 0.1
13 kAR AR 3.29 Y=5.92x10*X-2.63x10° 0.9902 0.5~30 0.1 0.3
14 B VY Hb AR AR 3.52 Y=1.83x10°X-186 0.9954 0.5~30 0.2 0.5
15 F CHEAARAE 3.79 Y=8.03%x10°X+3.52x10° 0.9938 0.5~30 0.07 0.3
16 N-2 F BE PG b AR IR 2.70 Y=1.91x10*X+871 0.9930 0.5~30 0.03 0.1
17 TR AR 2.88 Y=5.93x10*X-6.95%10° 0.9930 0.5~30 0.2 0.5
18 F& A5 3.84 Y=2.93x10°X-1.04x10* 0.9966 0.5~30 0.03 0.1
19 Mk bk 3.14 Y=1.07x10°X-3.5x10° 0.9974 0.5~30 0.03 0.1
20 B AR AE 2.37 Y=5.02x10*X+1.98x10° 0.9942 0.5~30 0.07 0.3
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#*3 BREHS AP 20 MLESYINMRERESHEMRERE §%R3
(n=6) -7k 3 2 QNG
Table 3  Recovers and relative standard deviation (RSDs) of 20 Fs &= IR ACH: Iﬁqulz *HXTT];{E
chemical drugs in Maca sample A (n=6) /ug/L) 1% f2e1%
o N [ % 0 7\“ 5 1050 61
J_‘?%‘ 'TJC%% ﬁui‘mﬂ(? I_ILL&E *i?j;]/;{ﬁ
(ng/L) 1% W22 1% 13 Tk ARAE 10 87.5 6.7
> 1044 79 20 97.3 3.5
1 Ph kAR AR 10 101.0 9.9 5 95.4 49
20 872 4.1 14 S VG MR AR 10 83.4 6.4
5 96.6 7.2
¥ B P 20 1043 22
2 _— 10 94.8 5.4 s 104.6 04
20 933 6.3 15 za%m@ 10 87.6 6.8
5 102.6 8.8 A
: : 20 93.3 5.2
3 ZESLPG AR AR 10 88.1 3.9 5 97.0 2.8
N- 4
20 96.6 40 16 iiiﬁ = 10 103.5 7.8
> 87.0 6.6 20 91.4 4.9
o
4 T A S AR R 10 97.8 7.8 s 264 67
20 212 23 17 et 10 91.4 5.5
5 90.4 5.7 AR ' .
20 103.6 4.9
5 TR AR AR 10 103.7 6.5
5 90.2 5.2
20 88.0 3.3
s 95.0 48 18 H&F 554y 10 92.3 6.6
6 ARBEPE IR 10 83.8 5.1 20 1011 1.9
20 92.5 2.4 5 87.0 4.8
19 — LR 10 95.4 5.4
5 82.0 7.1 o . .
7 HRE 7= 10 103.5 8.2 20 95.8 6.0
20 105.0 3.6 5 85.8 8.3
5 88.4 8.4 20 FRSEARIBIRAE 10 104.5 6.7
= sk
8 A IRABIE 10 103.5 5.7 20 85.0 42
20 96.3 3.6
5 102.4 5.9
9 ARIL 10 85.5 6.4 3.6 EPrtEamilE
20 94.6 5.8 LR A F B2k aifbhil &, LAEaPrik
5 912 8.9 HREFRE A 3 FE 4) i HxT sEBRfe -5 X B 5
10 P 10 375 46 B9 2 XTSRRI RN (R 1, B 2 gk 1), BB A R
2 105.5 28 B TR A X B Hp 4% X B B TR R B sk A AR T
s 974 73 ey, BRAIRT A O A BEG B BSR4 X IR
. s 10 o1 s 65 s 25X R R T TR R B B T A () R A U
' ' 460.4/151 F1460.4/312 B FXF (08 4 i (6] $47E 3.81 min, 5
20 105.2 3.3 . . N
P AR AR L Xt B S DLk B 25 F X (R 1) B B IR — 3K,
T ’ 2082 172 0 B T SRR B B, 47 DA s
12 o 10 103.5 89 ARAE. 3 i T AL SR I, IIASRE S B R
20 94.2 2.7

PhARHBIR A 1Y) 55 R (45.540.32) ng/mL,
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Fig.3 Total ion current chromatograms of Maca sample A
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2.0e51 1.05 A ;
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[ &) /min
&4 HRFEG BB EFRIERE
Fig.4 Total ion current chromatograms of Maca sample B
. [2] #, 4hehE, A, 55 TR R B =Y By
4 & WrR BRI, 24, 2012, 33(6): 370-379.

ABIFEHE ST T H I [ A 2 E- e O - = EE
AT E53 5 i 0 [ A 300 R ek B R R 2 i 8 5 (A £
i 20 FhAR AN 2387 7 125 38 ek 0 S 2 kA T 3]
FERALAL, B 1A AL AR . il AR Bl AR
¥, £ 5 min P AT RUSE 400 8 0 20 FRARIEES I . I H]
I R 25 OB IR v A S AR i, A 00D £ i TR 23 1)
T, P 7RI R . O kTR R, R e T
HE, IF AT ARRIE N, 1E T XHZ R AR A R AR RS
PRI, h A PR A BT b Kb B R AR A2 25 )
B T IEAR S Ff

SE 3k
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