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B E:. By 257 SsURH 6% - 5 % (high performance liquid chromatography-tandem mass spectrometry,
HPLC-MS/MS)Z: Gl K R PR AR B il v 5 Bl oS AARBH W) &t pode il Jr s o 7558 FERMZE W EERIR, 5k
£ Waters Sunfire Cig (100 mmx2.1 mm, 5 pm) 345325, 1L 0.1% H BR /KA -0. 1% H IR 21 7AW T sl A A
JEVEE, WA 0.3 mL/min, SR HIZ SN I IF 2 R, PR E S e TR R A B P i R | 2
WEBR ., DRIEIE | FRHIEE AT AR S Bl a2 IRBHIEGR . BER 5 Tl o- 2 ARBHITRI J3IAE 0.5~160 pg/L W JE
JEEN R RAFARPERR, MOCREIY KT 0.993; By 22hr W FIWRmE g 5 ik (A (B 5 ne/kg, EHREFRZY 10
ng/kg; FEHIMERFIE F AR TRy 2 ng/kg, EFRY 5 pg/kg; ZAPRARAR TR 15 pg/kg, € FRY 40
pglkg; BRANAKSEA> B 10~100, 5~50., 40~400 pg/kg I, P ESE N 81.6%~113.5%, HIXTHRIEREE N
0.69%~4.80% (n=5). £&W ZJLTME . PREE. WERE . REUER, &M TR E R SR AREa i m %
PIWY . ZALMEAR . WRIRIE | RERIMEE K F o R AR 5 R a2 PRI AR A ER A A

SIS BB A5 - FR IR a-SZ ORBHITR); A, OREE R b

Simultaneous determination of 5 kinds of a-receptor antagonists in
antihypertensive health foods by high performance liquid
chromatography-tandem mass spectrometry

BAOYi, LIU Bin, ZHAO Yang, WANG Qing-Feng, HUA Lei’

(Jilin Institute for Food Control, Changchun 130103, China)

ABSTRACT: Objective To establish a method for determination of 5 kinds of a-receptor antagonists residues in
antihypertensive health foods by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
Methods The sample was extracted with methanol, and the residue was separated on a Waters Sunfire C;3 (100 mm
x2.1 mm, 5 pm) column. The gradient was eluted with 0.1% aqueous formic acid-0.1% formic acid in acetonitrile as
a mobile phase gradient at a flow rate of 0.3 mL/min. Five kinds of a-receptor antagonists such as phentolamine,
tolazoline, prazosin, terazosin and yohimbine in antihypertensive health foods were qualitatively and quantitatively
determined with positive ion mode with multiple reactions. Results The 5 a-receptor antagonists showed good
linear relationships in the range of 0.5-160 pg/L, and the correlation coefficients were greater than 0.993. The
detection limits of phentolamine and prazosin were 5 pg/kg, and the limits of quantification were 10 pg/kg. The

detection limits of terazosin and yohimbine were 2 pg/kg, and the limits of quantification were 5 ng/kg. The detection
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limit of tolazoline was 15 pg/kg, and the limit of quantification was 40 pg/kg. When the addition levels were 10-100,

5-50, and 40-400 pg/kg, the average recoveries of samples were 81.6%-113.5%, and the relative standard deviations

were 0.69%-4.80% (n=5). Conclusion The method is simple, rapid, accurate and sensitive, which is suitable for

rapid detection of 5 kinds of a-receptor antagonists such as phentolamine, tolazoline, prazosin, terazosin and

yohimbine illegally added in antihypertensive health food.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; a-receptor antagonists;illegally

added chemical; health foods
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o-Z R BH W (a-receptor antagonists)f&:— IS AE 1L
P o ARG G, Ta P BH I 2088 T X o SZ ARSI 5
o ZWEEL, M= AT o ZRES ML N2, 7RI
R EEH TR S RS0 IR A g, Ju
R EEY a-SZ BB A HE R R a-s2 ARBHI], R
KRG FERAW LR . Zhimepk . WRMEGE | RERL g
ME=EE,

WA B A AR T KO R B, R R RS R 1 A=
WOrSH AR E, BIRAT. BzZEs . BRI
252 IR 28 S 07 L ) RS XU, a0 — A 3 ), g o A A
SRR RO U, T LR R B M R | e
Jii H XUEE S0 ) B LS IR L2 e 28 VG 2 A e, Y
MY, mmN ATz, BRAARY S ERRIER, &
TEIRREATE R TR B2 E TS .0 IR T
e FERR, XA R R R RIS ZER. &
AN F IR G R TR EH T WO, 4
R RSSO i P AR IR BRI 22 25, BB RN AU (1

DT RS £ LI 87 il AT A B0t R A 8 o, P 0 s A

P23 OB O RS M A5 A 45 3, ™ BT R BUE T
XY AL B . ZRIIObR | WRMRIER | RRRIIRIZE K
TS Bl a2 ARBEIN R ARSI, A 1 7 A )
1 (thin layer chromatography, TLC)™ | %845t i il
IR R AN AL kR R OB 5 25 (high
performance liquid chromatography, HPLC)!'*' 152 i AR
{07 - B K 5 1% 15 (high  performance liquid chromatography-
tandem mass spectrometry, HPLC-MS/MS)!' 2134 | 75 | iR %
D5k v, e RACVBRORH 0,335 125 R T Z8OBA 0 33% - A K o i v
2 HHTH RN 5 3%, HAb kA R pe e A REE
i JCIE RIS ARG 22 H R | R 1 R e B 2 S
FHT, [k 5 Fh o-52 MRBH IR SR B B AL 25 25 4 76 AR £
A PRSI 5 VR I E S ARE R, EAT RIS A £
@i b Bk 1 FPER 2 FEER I 25, BiE RS
HAEPG LB 2y vh S e vk . B OB £
T - I DA AE TR R A T ) S A A
VLK BA 5545 2 04 e ROBURE (8 15 (SO L TE vk EL UL Y B (3%

PR RS TR ) 43S 2R3 R R O v R A s AT BE
F—EmEs, T Z 0T BRI, 2y
Yot . B R R R A Y AR Y S T —
Fft HPLC-MS/MS 72 [R] RS A A £ 5t v 5 B -2 VR BHLIKT
FIEAR AL 2250 0 )5, AR AR e bl ) H 3 1
. RERESHNERZSRESE.
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TSQ Endura /35 A (€% - 58 B T %X (3 &) Thermo
Fisher /A wl); BP211D A i F V(8 2 FI WX A5 BR A7),
Allegra 64 AIE5.0>H1(35 [ Beckman 23 7]); KQ-300VDE %!
B e i e (R LU T R RS G IR A HD); Milli-Q Y
HBALK R G (L E BRIV ), TKA IR TETR 7 # (KA 2
Al); HIEHEID . OGS | et o) S5l B 4 L35 Oy R % 3
AR BRA A A=

HE R 2 B . ShIR ek . EhERRMER | SRR
FER g K LR R T EEAREXT HE S (L =99%, P E 2G5
A= Pyl it 7 D)

., 20 BER(( %4, 25 Fisher A H]); 0.22 um
AHLIERE OB ] ), 3250 /K i Milli-Q BUR ik R
Sl WHE. SRR DR R A 2RS4 10
By, W H FAHE T R Z5)E .

22 WA
221 BB

FRUESE R ELHI (500 mg/L): Al HERRARIC A 5 Fh
FRUERI T, PrEsAs B SRR 10 mg, B EARE
20 mL A, iffET-18 “CUkA 4 .

o VB PR )V BC (10 mg/L): vE At B BUAR E I 4% TR
1 mL F 50 mL &, FH A mfs e 2205 .

TRAPRAER R B HERAS IR R R, B2
B2 mL), WRMEBE(2 mL). 4HHiMREE(1 mL)., HE
(1 mL), ZHiMEHK(S mL)T 100 mL &EHiF, FPEEY
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85, F: P RORA - R IR R E PR S AR B P S Bl o AABHIBTRI AR A B I 25 i & i 1567

FITR AR E AR VAT, 217 HH 5 R e 155 (X s i T A il 2k
BIMRBETL IR 1~40 pg/L, 5P 5 & = S AhRiE TAER
R EETER: 0.5~20 pg/L, FEHIMEAR KR TAF £k 1
WETE ] 4~160 pg/L,
222 HRATAE

()[4 SRR

PRABEZN R R L ST R, DY A3k 4 al I 50 g, MRS
it 0.4 mm FLARR AT, RS, A AILEH, #h, &
o BERERESL IR S RSTIUN A5 W), BT 2 e B e
WY, &M

IRE RIS LIRS, WERRFREL | g(KSTM2 0.01 g), BT
10 mL ELZER.LE P, IMAHE 6 mL, A $HEH 30 min,
10000 r/min &.0> 5 min, ¥ FIEREB E 10 R IE
HEEEARZZ2E, R 022 um 38 K5 4t
HPLC-MS/MS 43 #7 .

()W, SR

HURE OB PR 5], MERRIREN 1.0 mL, BT 10 mL H3E
BT, INAHEE 6 mL, A HH 30 min, WWAEIRS,
10000 r/min .0 5 min, # FIEREREZE 10 mL 25 EH
IR A B2, P T 022 pm ¥ RS i
HPLC-MS/MS 434 .
223 WA

Ok sk ke Waters Sunfire Cjg (100 mmx2.1
mm, 5 pm); WENIH: A B 0.1% M BRKIER, B 7 0.1%H
B2 VAW Fi#: 0.3 mL/min; F:iR: 35 °C; YEFEHD: 5 uL;
Vel = BRI, WK 1.

BT S B IR 25 2 R (electrospray ion
source, ESI); # il J7 &: £ & % ] (multiple reaction
monitoring, MRM); i 530 IEB T4, BB HE:

3500 V; B FAEHIEIREE: 350 °C; MiISUE ST 40 Arb;
RS 12 Arb; W E T HE 2B TR B
%20

®1 BERRERF

Table 1 Gradient elution conditions

F5} 1] /min 0 1.0 70 80 82 10.0

0.1% F R 7K 5 1 /% 90 9 10 10 90 90

0.1%F R 21 %/ % 10 10 90 9 10 10

3 HER5SH

301 BERREEHML

SRR SARR R AT T ORI, RS B o2 (AU 1
B 43 F B T U N IE 8 7, AMF5E22T HPLC-MS/MS
Dy B E B AT R IR s AR R, A PR 2R
HEE . SIS R - S IR BV, KR T B R K
W, RREKIR IR IR BOK VTR . WIS, L4 A
T &R B E . B EREIE, SRAMONEE B
T BT RO VE T, 0.1% F Bk s oV /K A e 8 4R
w HbR b &9 5 S ni(E, HAasedal, @i s vt
B =X, 10 min PYRPRESE BN B3k 5 B B AL AP0 5
Mr, A 0.1%F BRAKIEI-0.1% H R 215 s i A4
FAERHSIH.

FIHBEAL A 09 Th e fb ik B ARk & 90 Bk
SR, LRSS EIE 2. R LRIk w40
FFGESRAT, 5 Fl -2 ABELIBT IR A b v VA T 1) 22 S5 g
I 7 o s 1 L] 1

#2 MRMRKT 5 # o-ZRBEEFINRIES K

Table 2 Mass spectrum parameters of 5 kinds of a-receptor antagonists in MRM mode

Hix¥ BB T (m/z) FEBEFm/~) Tl {3 BB &/ V RF HLJE/V P B 5} 8] /min

. 212.1%* 19

1 P} 2437 B 282.2 112 5.2
91.2 43
247.0% 28

2 WR g i 384.2 212 4.8
366.1 27
_ 290.1%* 26

3 LEEALAA 388.2 188 4.7
247.0 31
N 144.1* 30

4 BYEE 355.2 171 49
212.0 23
‘ 91.2% 46

5 TR 161.4 112 1.4
65.3 33

e SR T



1568 T e T 0 =

5510 &

1.2x10¢
J\ﬁﬂ%’:ﬁffﬁ
9.0x10° Af@%
. e
% 6.0x10° |
3.0x10°
h%ﬁll‘f}é#
0.0
0 2 4 6 8
I [8] /min

P15 Fil o2 (RBHITRNR SRR 22 SN, 0 B T3 (i 141
Fig.l1 Multiple reaction monitoring (MRM) chromatograms of a
mixed standard solution of 5 kinds of a-receptor antagonists

3.2 REUAIANIEE

RIS PRI A 5 R a-SZ URBELISTRI, AR SR F T
SCRRARE J5 12 K7 vkAR i, 456 HARYI BT A 5 0 5 i
THEEM NG PER, AW E 5 TaREE ., L
LA TR B R G A (LK . R EE-ZK) X ERRE S H
PR EIBOECR U [0 00 3 £ o 40K Ay 5 e 40 W 412 Ji

RIS o SR, W RSN 2 2 B0 r B IO,

SRR TE 80%LA b, HZRRT THAHX D> . 2 -
JKCFI A K PR R 5 BB IR IO 5 F AR SR 0%
RBEH K BRI, KA IR 75% 0,
TE F R M 0 A DR 25 T i b AR 0 1) F- 329 [l g
RER 50%LAT, Z#g A HLARAY L], a] i 5
THe, HIRA IR A B2 EEFZE LN 80% L L 1 -F- 2 [a]

WK o SEHRIA, AT

ok
HE 2

P BRI L BB AR

@GS, KRS RILE R, KEREFE
P s Wil B, S R . EA X
W W TRN AR T A 24 0, X e O AR I AR
R I T4, H25 5 15 Y s AL i s IR ER 4 . SR
B el £ T AR B ), BRREN: 72 /- R BORE dh B AR,
NAVIERE S P &R A e . ICHE . B Sk
25 1 RO AR B, T2 b, B ER 2 BRI
2 FIAN G ARE AL A MR, HAHF 7R A
FH A A 2 B 711
33 FHEMGMSEE R HR

4 2.2.1 WUF FILBCH— RG] 5 F o-SZ RBHITH Y
TRA PR HEVE T, #e B8 1 R B A 00 €0 335 70 T 3% A% 1R 0E
AR Y V85 A 1) 06 TR R () %o L JB o VA B (X, /L) SN i ik
LR A1 5 AR o JETFOLALE B RTAL R A0 B (B3 | RS 4
1, FEA RS RS P A IR IR B 1) 5 il -2 U BELIBT 700 11
TRAPRUEV I, FRAHE MR A 3(S/N=3)RH X vk J3 O it
T B BAS B, (5T 10(S/N=10)H %5 57 4 e 8 S 1 5
B R PR S R, S Bl -2 BT R 26 4% F A9V YT
FRI PN S B R AP RS R, RMEHISE R B R T 0993, 5
Pl a-ZARBHWRI LR T AR . AHSC R B, KRR M e i
FRILZE 3,
34 [EINERRZIFEEXE

] B PR RE S e . PR a2 R . 1 IR S A 25 7)) Hh
WG, . w3 NREEAKEE) 5 B a-Z ARBHII B TR A
PRUEVEI, B REERE ST S WK, THRER P34
WCRFNAI bR E R 22, 45002 4 FIR, 5 Bl a-32 (R BH 771
B SF- 2T IR [0 e %K 81.6%~113.5%, KX A i 2 (relative
standard deviation, RSD)# 0.69%~4.80%, 1%J5 1 i HER
FORG % BE 45 6 AT 23K, T H R AR rh Al
RSN S B o527 1A BELUBT 350 25 e A 0

R3 5T ZHREETINEESRE. BXRENEER

Table 3 Linear equations, correlation coefficients and limits of quantification (LOQ, S/N=10) of 5 kinds of a-receptor antagonists

Hir9 LRVEVE L/ (ng/L) AN KRB et R/ (pg/kg) FE R BR/(ng/kg)
13 22 F 1~40 Y=9.73x10°X+1.82x10* 0.9930 5 10
WR e 1 1~40 Y=1.95x10°X-1.80x10? 0.9995 5 10
LRI 0.5~20 Y=2.75x10*X+1.18x10° 0.9998 2 5
AFE 0.5~20 Y=8.06x10° X-8.51x 10> 0.9998 2 5
R IN 4~160 Y=3.25x10°X+1.51x 10° 0.9954 15 40

X a-SZ ARBHWT R MR B, mg/L; Yo WETRIFRL
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R4 5T a-Z ORI A EE B IRAERE (1=5)

Table 4 Recoveries and RSDs of 5 kinds of a-receptor antagonists (n=5)

g TReE2 R m3ii3 PR A2
o ¥ ¥ L— L L—

R 3;;% /% *ng ks ?}ggjﬁﬁ R RSD%

10 85.5 1.98 84.0 3.69 90.5 3.42 88.2 3.94

132 20 94.5 1.43 108.0 1.42 103.0 2.58 102.5 4.09

100 110.0 3.26 106.0 1.98 111.0 1.46 105.0 1.23

10 110.0 3.17 112.0 4.70 109.0 4.13 104.0 476

WR M g 20 109.5 3.78 108.0 4.73 112.5 2.85 104.0 2.63

100 107.0 2.43 106.0 2.49 102.0 2.52 105.0 1.44

5 97.0 2.20 82.2 4.20 97.6 4.56 88.6 2.70

SRR 10 81.6 0.69 85.1 2.11 95.0 1.48 89.9 3.75

50 100.6 1.88 101.0 0.88 102.0 1.69 98.4 0.95

5 106.0 4.50 109.6 2.19 100.4 4.08 93.6 4.41

HFIE 10 93.5 2.41 103.0 3.20 102.0 3.45 95.0 1.66

50 103.8 1.53 103.4 1.28 104.6 1.66 105.0 1.32

40 85.0 4.53 89.0 3.96 91.5 3.87 90.2 4.70

D72 DALYEN 80 103.9 4.80 91.6 4.14 106.2 4.28 95.8 4.40

400 1135 233 86.5 3.96 106.0 1.95 88.5 3.84

TR UL AR A R BE R pg/kg, IO AR IR B A pg/L.
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