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Determination of ephedrine, fenfluramine, sibutramine and phenolphthalein in food

by solid phase extraction—high performance liquid chromatography tandem mass spectrometry

ZHANG Zhigang, ZHENG Xianghua, CHEN Yan, WU Ming, LIN Jianzhong, XU Dunming, LIN Liyi
(Xiamen Customs Technical Center, Xiamen 361013, China)

Abstract A method for simultaneous determination of four illegal drugs(ephedrine, fenfluramine, sibutramine and

phenolphthalein) in food by solid phase extraction—high performance liquid chromatography tandem mass spectrometry

was

established. Samples were extracted by 0.1 mol/L hydrochloric acid solution, purified by Oasis HLB column, ionized

by electrospray(ESI) ion source, and detected by positive ion multiple reaction monitoring(MRM) mode. Qualitative

analysis was carried out with retention time and daughter ion ratio, and external standard method was used for quantitative

analysis. The results showed that the mass concentrations of the four banned drugs had good linear relationships with

chromatographic peak areas in the range of 2.0-200 . g/L, the linear correlation coefficients were more than 0.998, and

the detection limits of the method were 2.5 w g/kg, limits of quantification were 8 w g/kg. The recoveries of the tested

substances at different addition levels were 71.0%-99.5%, and the relative standard deviations of the determination results

was

2.1%-8.2%(n=6). The method can be used for the simultaneous and rapid detection of ephedrine, fenfluramine,

sibutramine and phenolphthalein in food.

Keywords solid phase extraction; high performance liquid chromatography tandem mass spectrometry; food;

ephedrine; fenfluramine; sibutramine; phenolphthalein

E£WH
BIEEE
Wi B
5| A&

M KT S (T BTH (2018Y0075)

KA AT AR L TR, RIS 18] S £ 22 A A

2021-12-21

RN, RS A R, A TEDARAC I — R OB 3% R I BT VR I 5 £ il v RR B 8 S RChr L A il RN R [T ] AR A b
2022,31(2): 16.

ZHANG Zhigang, ZHENG Xianghua, CHEN Yan, et al. Determination of ephedrine, fenfluramine, sibutramine and phenolphthalein in food
by solid phase extraction—high performance liquid chromatography tandem mass spectrometry [ J ]. Chemical Analysis and Meterage 2022,

31(2): 16.



FBIHE, A5« TS RHEEIR — 0RO G ERIBR R DN G £ 50 T ORR B A 2 SRR A i A 17

Bifi 5 At 2 1 e, NATTAE T K AR B4 =
RE AR G DRI ARk L, H
IO fie S0 L5 Kok A A BRE ALY 1l 1 R K )
FERE, BRI AN TR A7 oK H 2558 o Ak, —
WRRFEA T REEF], LLH & &8I, Bk
VS IR BRI, 25 P | PU A il s R, KB E
PR EA B s B DR, USRI IS 284 . IR
JE— 2R 2, eI AR RE R (IR TS 2
Gy e AR R A RGN R RN 5 S5 A o
AW JE T A R 22 R, AT AR BT AN R
SIS 5 5 A R S 25 M 45, S5 AN RLE
AR AR SR R AR 5 mkE T
fi AR S 2, 43U R 20 i [ PR (B L 250 4%
Vs R RS . T X 2 A
HEREIWEH, FI C g 2 8RS e el 1k I 24 1
NS 4G B0 KN HES Ik 2R 25 Y i 2, F
SIXHE RS BRI

2021 4E T I WA SRR A AR a8
W SN2 i A T A A R U R Ak
27 478 R, IR AE 5 H 27 HAE T4 4 2021 4F
RO SR R A A T “BRZR” A7 3h i B 22 4], Hrp
WL R B R AR I A A A EF R
TG, PR A ST £ T A TR A 2 4 v
By PR ARSI g AR T o

H i T RRE 25 5 hr B VG A il B L 5 K Y
K7 v A w2 ik e B
ARA LUK R A kT B T R
WU R AR - TR RO i IR
RT3 M B R S A P e R S R
g g b A A R Y R
sii FBR A 5 98U BT G A7 [ R 0 T[] e ARz g
il . ZEE R EIAHACH — B RO A (s 5 I T
(HPLC-MS/MS ) ¥, LA g%t 42, i sk fe ik
R 252, ST T [Tl 0 2 ot P RR B L 25
Fr WY VU A i AT R i IR T RS T A
L BRFE AT . 2T ERA PG R HER
JE o AR A, TS B S R AR RS I PR L 2T
Fir B PG A B R R R R A
1 EWES
1.1 EEAME LKA

PRI AH €5 13 R R BT Agilent 6470 5, it
A HLEZS B R, R ERRHCA R A

[EAHAE IR : 57044 %), 26 [ (3R AR

BE IR % - MS5 AU, {1 IKA /A .

HL 7R PL403-1C AY, J&&h 0.01 g, Hii -4
R — FoR Z4E A,

BLOHL: TGL-16G B, FifF s Rlp AU,

4 H 8 & W 45 {X: Turbo Vap LV #Y, 3 [H
Capiler LifeSciences /A H] .

FE 2 %) PR B T K S5 Ry B L P A it B A
WEVRT : TR E N 100 wg/mL, CAS S5051H
50-98-6.77-09-8 .458-24-2 .125494-59-9, % [H A
ChemTek 2\ 7]

[E FHZE U : Oasis HLB %4, 3 mL/(60 mg), 3¢ H
KRR A

HlE G R : ¥k i ol TR B A ]

B 200 ALV, 300 F Y Hb T T A
WS, AR SRR DT R R RR AU A AR
B RIS R AR TORHE

SEBG AT B R A bt

SIS K R B 4tk .

1.2 Bk
12,1 FREME &R

53 N HERA A% SBOURK B0 . 3 JChr B P4 A fth B 1
Tk 4 Ak 27 25 W hn MES W 45 1.00 mL, ¥ H s
A% 10 mL, e i BT s R E 3458 10w g/mL 119 4
FhALF 25 AR HERS 250, BT —20 C A& Tkt
it -

122 BAREF K

Ay ERIASE 1.00 mL FRESHE S5 IRHIHH | vE A
ity B A VA 4R 2 10 mL AR, FH P
ER BRI, BLHI AL 1.0 wg/mL FTR-A AR AE T TR .
123 ZFRAREIEER

KT 0.2 % HER/K — ) R %90
R 778 O AR 4 T2 245 W 1 o 4 B 39 4 3
4 2.0.5.0,10.0,20.0.50.0,100.0,200.0 ng/mL ) &
IR A BRI TAER W
1.3 FESmArAE
1.3.1 #H

HERMFREL 2 ¢ R B 2 0.01 g) FE&Y, BT 50
mL B0 HERTITA 10 mL 0.1 mol/L ShRR VA ,
WHEYET 1 min, #7515 min, B2 R, L4 5000
r/min f 55 B0 10 min, #EFTFE I S mL b5,
[RRELX A



18 ot

2022 4F 45 31 45,55 2 )

132 %1k

I3 2K 3 mL FEE 3 mL /KX Oasis HLB [#
AHAEBOE AT TG AL, FRRE 1.3.1 s R AL i L7
R AL 1 AR AE U, RS, B 3 mL 10
mmol/L Y #h PRV Wbk %, il 2305 T )5, FH 9 mL 4%
SR BECRFLE ) W53 3 RPN o K T JI I A
£T 10 mL 345, 7E 40 CF &4 =i+,
0.2% HER/KIFIRERZE | mL, gk )5, i3 0.22
pom SALIEAR, (e
1.4 B IAEEH
141 fif

{0, 3i% #£ . Agilent Eclipse Plus 3 C; #£ [150 mm
x 2.1 mm, 1.8 wm, ZEEREHE (TE) ARAFR ] ;
FEHR: 30 °C; Wit 0.5 mL/min ; JshHH: A 8 0.2 %
HPRS I, B A HH s ERERR: S WL BEEEURIRR
FPULE 1.

F1 BEEHER

o J it S %
] /min —— —
H K i Iz
0.00 90 10
2.00 90 10
2.10 65 35
4.00 65 35
4.10 60 40
6.50 60 40
7.00 20 80
9.00 20 80
9.10 10 90
11.00 10 90
11.10 90 10
13.00 90 10
142 Jiig

B PR . S B ( BST) YR ; BANE HL K 3.5
KV ; ZALSES7:310.3 kPa 5 BiHEHL . 500 V 5 T
JEARIE 1300 °C; TR0 : 10 L/min ;¥R
325 C; #5558 L/min 3 WIS . £ 50 Wil
( MRM ) B 5 R A B 85 - 35 F BRI g il
TERE R R R A TS S HOLE 2.

F2ORREW IR P R B O RS TS

ey BEggr THT WEBE R/ RifERE AT /
" (m/z) (m/z) \% eV
< 133 13
JPR TR 166 el 135 "
= ey 109 25
FEAl
BzS e RAl 232 byoch 115 2
139 13
o
VA ] 280 125" 70 .
FK 319 ;21‘ 205 ‘2‘?
T 1) AERE T,

2 HREITE
2.1 ARG

5390 2R FH B B K B S KW .0.1% g
K = ZNE0.1% HFRZK — HEE, 0.2% WK — Z1F,
0.2% W R /K — W BESE Z Rl ShAR IR R AT 5 53
BT, 5351 25 S DA 1) 3 B O, i U e vy S
MRl . S5 AL, 26 FH H K TR G 7K I
VER T s AR B, A ) i i TR 4 F2 W 4 5 >R 0.1%
HRK — 2 .0.1% H /K — B BEAE b i Sh AR B,
T Py T A 0T, AH AR HAIG; 2 0.2% HH R K —
CIEBE 0.2% HFRZK — W BEAE Ry i sl AR ), 45 41 4
A2 20 B AR, 43 B8 B RN AR -, i 37
o 5 R R AR Y TR SRR RO Y, oA TR
RO IR RV A — B0, B g 0.2% HRZK —
H AR R a4l
22 RS

KB R S A, BERE [ MHH ] XS BB
HEAT RIIRS , 40 ) % AR 24 FiL Sl 45 B o A A 1R R A T
Pk, BRI S8 36 2. PLAL e R o 25 b
WY PG At B L R TR Y 275 £ B ] 433 A 3.805
5.688.7.896.7.907 min,4 Fi{b2= 254 () MRM 3%
UL 1.

t / min

(1) JFREER

|

T T T T T T 1
3 4 5 6 7 8 9
t / min

(2) VP4 ]

t/ min

(3) Zrod i

1/ min
(4) FpEk
1 4R A2 I ( MRM ) @ik



FBIHE, A5« TS RHEEIR — 0RO G ERIBR R DN G £ 50 T ORR B A 2 SRR A i A 19

23 RIBUEA ek

P T IR B 75 A7t B L S SRh B e oA e e
UL A, By BkA B SE 1A, 208 Tt &9, it
A DABE B LA i A ML), A HLCTEHL ) RS
WA ML R AR G R E AR IO .
VS TSRS 1 7 v, AR B 20 L H B —
K. LN~ 7K .0.5% H R 7K 1% B ik 7K .0.1 mol/L
ERTRIK TS W AE R PG ), 25 5245 1 R A R IR %
FEHEAT HL 8, 45 9 & 9, 0.1 mol/L £k iR V45 i vt i il
Py BUSCR R HARE L 4 Rk 2= 25 i [mllfoR
PIRERE] 90% LA L, P B BGA I 0.1 mol/L
ERTRIA I
24 EAFEBUEI L E
241 FEHAE

BT TS A FE AR 0 — T / Bk
TRIEAT RE I S B, T ERRE h EA TV A DR EY
ST, Bl B TR0, 4 A A5 R e e . A
SCHk B FH 5 PH 2 7[5 A A8 B0 ( Oasis MCX ) X
e i U RO R Y B RR R A T, TER
D A A BORE I FH - 4 Rl 4 G £ i3
3% %E C . HLB, WCX Fl MCX 4 Fift [ AH A< /)N
X B U 20 3 P 2% BB 38 RR BB 25 CH I L P A
B B TAAE 4 A 22 0/ INVEE L [T se 38 1 b s
K2,

120 -
100
80 -

60 1

i /%

40 4

20 A

Cis HLB WCX MCX
=R RS
oA -k
P2 4 FRLAYITE 4 FHIEHIAEEU N bl o
FH L 2 ATHT, MCX /N PG A7 i BH RN 5 K 1Y)
FEPCRAL, A 50% 2247 5 WCX /ST B K L 25
SRR RIRR B 3 A A T ) AR BUBCRAR T 60%
Cs Al HLB /INEEXT 4 Rl il 90 4 A5 U R 2 5
PR IAF] 85% LA, A A HLB A5 B/ M 1]
WCR T NRRE , P A e $F HLB A A [ AH AL B
(=

242 RMAEMEREAE
K ZS VO I 77 = A T B 6 15 5510 DA K 0k
WHFRARFR AT LA . AR AL S PR T, BB PRI
o33 R L 2R TR L O 4% 2K AR
PR, 2520, DL 4% ZoK B AR AE e e )
1 NG 3 = S RE LAV &S SO 7 7 ~ S Y 3L
FIFH A BEASCR , & IS e FIMAFIR T 9.0 mL
B, SR T A2 R T 95% ), R ek 6 e M ¥
WM 9.0 mL 4% Sk
2.5 KM R

SR FH FH B 5 00 s A 85 YRR 88 1l T ot R 2
4 2.00.5.00.10.0.20.0.50.100.200 wg/L i % 5
TR A PR E TAER I, SR AR A (i B i 25 1,
#47 HPLC-MS/MS 734t L 4 RS 110 Jon i ik
Rt AR A (o ), o B 5 R ) 0 5 U TR R A Al
Fr(y) 2 hilbnifE TAEMZ . 7EA & Bintb a9 1]
PERE S S PR S T, 76 1.4 4088 TAES T, LA
3 A5 MR FE TR B, 10 f5 (5 M He T 3 e 1
FR. 4 Fiib &9 ny e Evu il etk 8 M OC R 2L
ot PR A E HE PR L 3

F3 SEEEBMTEAXRN RHRNERR

MBS (e ke')

an (RERD amre ST
JBRECHE 2.0~200  y=414x10%+131x10° 09995 2.5 8
IEEBET 20200 y=897x10w+2.58x 10° 09994 2.5 8
P 2.0~200  3=2.95x 10%+4.08x 10° 09999 25 8
B 2.0~200  p=1.14x10%+1.59x 10° 09988 2.5 8

SR ICIFSING S A Tk N LN TN
4 Ak AW R FEAE 2.00~200 wg/L JEFNS
g T FUELA R A ZRPE Y EM S R BU KT
0.999, ¥ PR Ky 2.5 wg/kg, EEBE K 8 ngke,
BZ T R
2.6 EDEGAEE R

IR 4 P s mp s Rk ik AR
FAZS EARYCRE 5 RIS, SR FH 25 AR
IR E R 1%, 3 IAE 1.2 10 A5 5 ik
BEZKSESEAT bR mIBGR 6, #42 1.3 7 ik b4 TR
AP FEARAL Y 35 BT S5 AF AT E AR
TACE AT 6 Yk, M 25 5 WA 4. & 4 vl %0,
S A2 2 I IR TR A 71.0% ~99.5%,
FE LRI R AER 220 2.1%~8.2%, #WZ %
FLAT W0 00 v RO 2%, mT LA 2 H Rl 43
Hrite Ko



20 ot

2022 455 31 4,55 2 )

R4 ERERSHBEEERBLER(n=6)

ey WIS / B Rk R IVEES EifNvess
" (g -kg) FIE /% RSD/% W% /% RSD/Y%  [% /% RSD/% % /% RSD/%  [BIC% /% RSD/%
8 76.9 6.1 79.8 3.8 81.7 52 87.7 6.8 79.4 8.2
R 16 82.9 3.9 79.4 6.8 90.9 4.8 89.9 5.1 87.9 7.2
80 83.8 6.9 83.5 47 94.8 3.6 98.7 3.3 88.1 5.6
8 78.2 4.6 73.7 5.5 82.4 4.7 85.2 3.7 82.7 4.9
BAy L] 16 91.0 2.1 87.9 6.3 97.4 6.2 91.9 49 89.2 29
80 87.8 5.1 83.8 7.2 98.2 7.3 99.5 6.1 95.7 5.2
8 82.7 49 82.1 24 91.9 4.6 90.2 3.0 83.8 4.1
VA A 16 83.6 5.9 83.3 3.7 96.4 6.3 95.9 5.3 91.9 3.6
80 89.0 33 89.2 6.2 95.6 45 91.3 8.2 78.2 47
8 71.9 4.7 86.8 3.0 79.4 3.8 93.8 7.3 96.4 5.3
[N 16 81.3 5.3 84.2 5.1 89.3 49 933 6.5 71.0 43
80 87.9 45 88.8 5.6 95.7 6.7 96.1 5.4 82.8 6.2

2.7 RS
K JFH i 4 52 56 T vk xR B PR A RIS T AL

P E A TR, L S DF T RS BER CRR

FZE AN BRI R S A OB £ 3t

11200 #ERFEM . RIS R R, 78 1 HUCR G

SR AR RS P A i B ARSI R 35 4.06 x 10°

p g/kg, HoE AR TR ARAG I 4 FPAEZRGAS M)

3 4HiE
BENT TR A I — e e 2RO A 3 R R T

T[] A0 it P R AR S5 SR B L P A B Ay

Pk 4 FhARE TS IR 25 0 Ak I 7 v . %07k

F AL FRERAE RT3, X AN [) £ i B i A SR A, R

JE VRS R RIORG %5 R s, DGR AR, AT A PR

B Ik 25 W i TARSR R 1R 3 HE,

FId e AR IR A = 24T e )

WA, T ORAIE T 2% 8 A R 25 o

S % 3k

(1] SRR A=A UL 5 RRE IR B S5 S0 ] HPLC 7 12
[J]. Z8EE2Y,2004,8(1): 57.

(2] ™. W HBC 259 A RN [T ]. A [ 25 0,2007,10(6):
599.

(3] EdRif, Z2a57R . VGAi i AR RO B HBa (1], A R
JLRiA 2006, 8(4): 276.

(4] A2RZE L BUHBZI [ ], b EIEIRZ)2E 44, 2002(9): 307.

[5] skir, skF500 . VS 25 SUE el [T ], 1 #BEE24,2005(15):
35.

(6] fds . rEBm! &I ML 5 B FLZ [N/OL ]. h
I T 377 W 4 4%, 2021-06-08[2021.10.27]. https://baijiahao.baidu.
com/s?id=1701951245517393572&wfr=spider&for=pc.

(7] s, B Car, w28 JdUIB b a2l AR Mg e i i P
VSIS PR V8 A7 T BH A5 Ak 27 1043 R DA D A5 [T ] £
5245,2011,13(3): 114.

(8] AGeME . 2EAMIEI GBI By LBk & ik [0 ). 259057

Hr4435,1990,10(5): 115.

[9] Zomss s B4l e th S e e rh it b M A th [ 7 ).
JEIESEE A, 2005,22(5): 1025,

ZEPH R, TR, A AT A0 R UK T R s s D A R T
b 7 FEAS R [T ], 0Tk, 2011,39(11): 1 716.

AT XIRTE , 4 AL AF L SORH B0 OB i X e i 24
S0 i ER R P A i B I [T ] AR A4, 2000,
28(9): 1 092.

TR, R, Sl A AR LRI A O PR
HEFHRREE [ 1], R RHE 554 ,2017(5): 52.
TRFEFE A AR, AF L AR RS I ) e s T 2 A f
dh S AARE I I A S [ ] BB AR 3R (k2 40T ), 2018,
54(12): 1 419.

R ) WERER EARIE, AR IR & B AR 2 Y R R
AL | 0| ) SRR 3 — SRR [T ], 3, 2004, 22(3):
228.

AR, R, Wt A SO @S — A I e IE £
sty O SRR B ANV A L0 )L B R, 2012, 28(10):
1419.

X BB, i, A5 . SO S — R I A A B v YRR
BANARRETHR [ T ]. (4335 ,2004,22(2): 188.

g, T, ik, S WA OR e £ v Ak VR A R 7 A
T AR TR RN [0 ] iRl ,2010,31(4): 156.

SR, SRR A, E AT, A AR — OO (g — FRESE
GRS 92 ] A 0 A e A R R V- FR SRR B0 ]
3% ,2013,31(9): 898.

hf, BT, 5K 24, S L BRI AR AR H — SO (% —
ERIR BT V% (] e 5 A D it o 20 P B A I [0 .
IHrkF,2014,42(8): 1 161.

X, S SOHE, ST R, AF B R OB (3 — HR IR BRI
FE AR Wb 78 FhARTR IR L2 [T ). AR R,
2020,36(12): 283.

KB R, TR, A R R ASORONH (T — I vk () e
FE B 4 RS IS AR R 25 [T 1. 43 B A, 2020(5):
36.

[10]

[11]

[12]

[13]

[14]

[15]

[20]

[21]



