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Rapid determination of 15 chemical drugs illegally added into slimming Chinese
patent medicines and health foods by UPLC-MS/MS
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Abstract: Objective To establish a rapid and accurate method for the determination of 15 chemical drugs which were illegally added
into the slimming Chinese patent medicines (CPM) and 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 C;g column (100 mm x 2.1
mm, 1.7 pm) with 0.1% formic acid methanol (A) - 0.1% formic acid water (B) as mobile phase by gradient elution (0—3 min, 33%—
45% A; 3—>5 min, 45%—55% A; 5—7 min, 55%—70% A; 7—9 min, 70%—80% A; 9—10 min, 80%—90% A; 10—11 min, 90%—
33% A; 11—13 min, 33% A at a flow rate of 0.2 mL/min, and the column temperature was 40 ‘C. A positive-ion (ESI") source and an
MRM mode were used to separate and quantitatively determine 15 chemical drugs. The obtained molecular ions, fragment ions, and

retention time for MRM channels were used to identify the 15 kinds of drugs by comparison with those of reference substances. The
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obtained peak areas were used to determine the accurate contents of chemical drugs in CPM and the health foods. Results A good
resolution of 15 kinds of chemical drugs, including terbutaline hydrochloride, ephedrine hydrochloride, theophylline, caffeine,
doxofylline, clenbuterol hydrochloride, tulobuterol hydrochloride, bambuterol hydrochloride, fenfluramine hydrochloride, furosemide,
indapamide, phenolphthalein, sibutramine hydrochloride, N-demethylated sibutramine hydrochloride, and hydrochloric acid N,N-dinor
sibutraminel, was obtained under this UPLC and MS/MS condition. The limits of qualitation and quantitation were in the range of
0.1—5.0 ng/g and 0.3—15.0 ng/g. The standard addition recoveries were in the range of 91.8%—110.8%. In the 86 batches of samples
(including capsules, granules, and other different matrix types) were detected in the 74 batches of added chemicals, the positive rate
was 86.0%. Sibutramine hydrochloride (39 batches), furosemide (20 batches), phenolphthalein (23 batches), theophylline (1 batch),
and caffeine (15 batches) were checked out in the samples, 22 batches of which two kinds were checked out, one batch of which
three kinds were checked out. By contrast, the products which were not clearly marked manufacturer illegally added more seriously.
Conclusion The method is simple, accurate, and highly sensitive, which can be used for the determination of illegally added chemical
drugs in slimming CPM and health foods.

Key words: UPLC-MS/MS; chemical drugs; Chinese patent medicines; health foods; illegally added; terbutaline hydrochloride;
ephedrine hydrochloride; theophylline; caffeine; doxofylline; clenbuterol hydrochloride; tulobuterol hydrochloride; bambuterol
hydrochloride; fenfluramine hydrochloride; furosemide; indapamide; phenolphthalein; sibutramine hydrochloride; N-demethylated

sibutramine hydrochloride; hydrochloric acid N,N-dinor sibutraminel
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Table 1 LC-MS/MS parameters for 15 chemical drugs used for slimming

/min ARG AR BET mk)  EEAT mbk) EMNET mkz) HELRE/NV iR E/eV
125 TS ES+ 226.0 151.8 169.8 24 16, 12
190 EH ES+ 165.8 147.7 132.7 20 20, 12
1.98 % ES+ 180.8 123.7 95.7 32 18, 22
229  WMHER ES+ 194.9 137.8 109.8 32 18, 24
274 ZBEREW ES+ 266.8 180.9 123.9 34 20, 32
296 CH ES+ 276.8 202.6 258.8 22 18, 12
374 TH ES+ 227.9 153.7 171.8 24 16, 12
402 BH ES+ 368.0 294.0 312.0 28 20, 16
518 FH ES+ 231.7 158.5 186.6 32 22, 14
6.02  BRIEXK ES+ 330.9 80.7 — 11 14, —
6.26 W[k ES+ 365.9 131.7 116.7 22 16, 26
6.96 ML ES+ 318.9 224.9 196.9 26 22, 32
8.14 SH ES+ 280.0 138.7 124.7 22 14, 24
8.45 NDSH ES+ 266.0 124.6 138.6 23 22, 15
8.69  NNDSH ES+ 251.9 124.6 138.6 20 19, 10

BV, B, F AR R R BE, o
JE¥S R 1 mg/mL [P0 HE S i . RS 2 L 2 mL,
H 50%FEEZK (5 0.1%H ) w454 100 mL, #
A, PR R T mL, A 50%HEEK (5 0.1%
M) EAA 100 mL, #85), fHERAEA 200
ng/mL YRG5 IR Lrh 2 AN IR A 5 2R TR

Btk EEIFE LR IR T .

2.3.2 HEASVEI HORZEFRIRE G N A RRL
RIS, 7B THHA, BEEE A A Bok AR,
ARSI 0.5 g, B S0 mL S, I R
2] 40 mL, HEFEAHE 15 min, BEA RN, 0FEE
WRERZE, WAJEYIIE, £ 0.22 pm MALIERE
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Fig. 1 TIC of 15 chemical drugs used for slimming
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Fig. 2 MRM chromatograms of 15 chemical reference

substances quantitative ion pairs
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W (% 0.1% TR EEMBRGT CH. TS, EH.
BH. FH. TH. "[iAMifc. SH. NDSH. NNDSH
JFEREISHy 54 104 25+ 50+ 125 250+ 500 ng/mL;
ZRANE WIHERRL, A5 P B TEIR AR 10,
25, 50. 125. 250, 500. 1 000 ng/mL; MIEXK R
EIRE N 25, 50, 125, 250, 500, 1000 ng/mL ff]
TR NI SR . $2 “2.17 F1 “2.27 TR (i, it
TS AP REREIN T, DA A 2% 2 1 B M 00— o 1Y)
O REIGIE AU AAAR (YD, XN A HERE IR
HRARRR QO ZefilbrdEdhZe, HEATZeME] 152k
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TRE A, BERE, DUEMELE ) 3 554

2251 LOD FYE ML A4 10 ) LOQ, 45 5 L% 2,
LOQ #J7E 15.0 ng/g LL'R, RUIEHAE SR
U, S84 Rei 2 AEVR N Ik 22 29 A I 225K

F2 15 MULEAMBNLEFTE. HXEH. EWER LOD. LOQ
Table 2 Linear equation, r, recovery and LOD, LOQ for 15 chemical drugs

PIRON - . éiriﬁil%ll/ LODj LO(%/1 — RSD/% SRl e/
(ngmL™) (ngg) (ngg ) BEFERESEE RUEME Ik %
TS Y=4007.9 X+10102.3 0.9996 5~500 0.8 2.5 4.2 4.6 6.1  93.6~105.2
EH Y=4600.9 X+15 6458 0.9929 5~500 0.9 2.8 2.6 32 48  96.7~106.7
AT Y=455.9 X+3 102.4 0.9995 10~1000 2.0 6.0 3.0 33 50  94.2~103.0
U [[E[37N] Y=566.8 X+1324.3 0.9994 10~1000 2.0 6.0 43 45 56  92.8~105.8
LRI, Y=411.8 X+3371.7 0.9996 10~1000 2.0 6.0 3.1 3.7 3.9 91.8~106.3
CH Y=21589X+129489 0.9988 5~500 0.5 1.5 3.8 45 46  99.0~106.9
TH Y=5860.8 X+139154 09991 5~500 1.0 3.0 3.6 3.9 48  958~108.5
BH Y=5813.9X+111546 0.9994 5~500 0.1 0.3 23 2.9 43 97.6~1078
FH Y=78759X—192239 0.9999 5~500 0.7 2.0 7.4 5.6 6.7  958~105.4
WgEK  Y=35.86 X—920.6 0.9958 25~1000 5.0 15.0 45 5.0 56  96.4~110.8
WlkWAfE  Y=498.4 X+54.8 0.9995  5~500 1.0 3.0 2.5 3.6 45  957~108.5
Tk Y=565.0 X+9 076.5 09971 10~1000 1.5 5.0 23 2.8 3.6 942~109.4
SH Y=24283X+9990.0 0.9997 5~500 0.3 0.9 1.9 1.9 3.0  96.3~105.8
NDSH Y=4320.0X+95455 09998 5~500 0.3 0.9 2.0 2.8 41  955~1052
NNDSH Y=26584X—67169 0.9999 5~500 0.5 1.5 3.9 4.6 58  97.2~105.9
2.7 HEREEERRE 29 BFiREEMERE

HAS B0 sy BE 34 4 200 ng/mL R A B
W5 L, % “2.17 K “227 TR ORI FE 41
BRI, JELLE 6 Wk, T ik 15 ik 2z 2 e
T I T ALY RSD 7E 1.9%~7.4%, W3R
2. RIPZITIEIRE % R AT
28 EEMRAW

VRS S OB 25 I3 . R i L 3¢
HIREE, WARYTELYS), % 11 B A £ 6
s S R B IO S i A v e, A
2 B4 1.0 mg/g, 4% “2.3.27 TR ikt
ITIRBUG, % “2.17 A “227 T RO, ik 41t
HEFENE , VHRAS I i 7 B0 RSD. 452 TS,
EH. 7%, #neERRl. 2% %0, CH. TH. BH.
FH. BEZEK . WA BBk, SH. NDSH. NNDSH
(1)1~ 35 5 253 #0043 94 1,05+ 0.94. 1.03. 0.97+ 1.06+
1.04. 1.07. 0.93. 0.99. 1.07. 1.04. 0.96. 1.05.
1.06+ 1.08 mg/g, RSD 734 4.2%- 3.8%- 5.2%-
5.1%-. 3.7%-+ 3.3%-. 3.9%-. 2.7%-. 5.6%. 4.1%.
3.6%- 3.5%. 4.6%- 5.0%- 3.1%. £WHZTEEL
PR

I “2.8” TR — Al il (k24 2 it
WRES R 200 ng/mL), 2 HIFERECHIE T 04 2. 4. 6.
8+ 12 h AkiEME . MR HE Lk 15 Rk 22 250 5 i
TRHOREIA T RSD (£ 2), 455 RSD ¥¢7F
1.9%~5.6%, FHIMHRMEMAE 12 h WARE .

210 fAEEEWERSARR. AEBEERRE

R BRI 15 B4 27 25 I B 1 F R il (gl
HEST T S5 IR L S R BB IR« WO A (gl
SEHTRELAC JE PRI S ISR D (1) 2% (1 L 344 9
FHAFRE 0.5 g, 405 & T 100 mL &, AR
B SR ASE R, A “2.3.27 TR vk gt
TR, TR AL Y ) Y., R 15 Ak
22254y 0 3 44, Hf CH. BH. FH. TH. SH. NDSH.
NNDSH #47 (2.0, 3.0, 4.0) mg/g, EH. TS. Wi
MER WA ByEEEAT (3.0. 4.0 5.0) mg/g,
Al PRFEK . 2R ARHIHEAT (4.0, 5.0, 6.0) mg/g
3 ARSI EIeR RS . 48R AR 2. WK 2
AP, 15 B2z 25 I FRAE AR [ A, 25 ik i
RN IILE 80%~120%, 1 1| LAt 2 (1) 45 2R o
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2.0 mg/g P2 ERERL QRGNS S5 e, SRt
HIEHRHE), 4% “2.3.27 TR kTS, 1%
€217 F“22” WURNERE, PSRN e, H
PR 2 R el B ARG 6 e S 3], H DS %5 th
Bk 3 d BRI E A 4558, H PR %% RSD
#EHIE 2.8%~5.8%; HIWK % B RSD #4678
3.5%~6.3%. KWITTVFHRG I RAT.
2.1 #HSNE

KA FOBCEIRNER P 2y ARt 86 A
FES, BUSFESN, 1% “2.327 0K J7ihla At i
VWL 3% €217 R €227 TUR A RE. i 44450 )
HEREIE, 53E “2.3.17 TR 200 ng/mL A6
R A VR Y00 2 ) o AR R o 00 35 X 11
ORI TRIAN, R FH MR T SR b R A Itk 2 24
P, SERIE 3. 45K, 16 86 fithE i (fufd

JRSHE ORI SEAN [ IR AR kS 74 HEES N T
222y, BHYERN 86.0%, HLUK) MRM €43 K I
B 3. FESL A SR SH (39 HiE) . WRZEK (20 Hib).
Pyl (23 fb). A%k C1 b, wmHERR (15 k), H
R 2 R 22 4, 3 BRI 1 AtE. AR HE R
PRI LE AN [1) ot P e A0 o 22 S K, i EL S rp A
WINMEDR],  Sof L8 by v 3 A7 2 S A 1)t Ao i A
P, FERE R, CAB A s inmsE]
20003k 3 RIL, WIRaARRA=] K10 25
HEAE A 18 #1422 2, BHIEZE A 72%,
FErPRTH 2 B 3 #tbe 1 AR BIEARR AR ) K 61
HEFE SR S6 LRI T 4k 2% 24, BIPEZE 4 91.8%,
FOA R 2 A 19 ik, 3 RRIG 1 . ELAR 86 Hibdh
RIFE i P ARERS I E AR, AR 5, AR
VAN AR I TR RE [P | [ L s

x3 HBEEREHMS (n=3)

Table 3 Sample information and detected components (n = 3)

HR A itk e I e B R
ErH
R 300 mg X 30 Hi T VN 1V N TV SH 39.4 mg/ki
BHA GEIOH, B X% T Kir  Kbw SH 0.9 mg/fi, FHEk 26.3 mg/fi
BHN GRAE. ) K k PN v S N v Akt
PRI 5 3.0 g4¥ [ T G20140676 20150303 il gl AL 2l A7 B A ) I(E7N
IR B pr T 20151123 KbfR SH 22.2 mg/ki
fari 350 mg I A#57"  Biosearch Highway Company Ltd. ~ SH 13.2 mg/ki, MK 18.0 mg/ki
WHA AERRE K & PN v N v Akt
BAH () x & Z XV N TV SH 7.5 mg/Hi
SULILIGUT % 300 mg k PN 1V N VN SH 24.1 mg/ki
IR 2 e 0.30 gk A7 G20130622 20150409A [ M 1y R4 G R4 A AKih
SRR R T 04g [ &7 G20100331 20150101 PHLERFTLZRHEA PR A 7 At
IRAEIRIE (CRIEE) k k PN v S N v ek 53.9 mg/hii
WIERE () x & E NIV N i VIS WEFEK 42.7 mg/hi
IRAERRHE (%D I T Abrs Abrs SH 23.3 mg/fi
“COURONNE” W% T T Abiw KbR SH 17.0 mg/hi
WIERE (O & & E NIV N i VIS WEFEK 60.7 mg/hi
AR (A k & PN v N v ek 63.3 mg/hii
T R & & E NIV N i VIS W FEK 81.9 mg/hi
L5 k k Abiw AbR SH 38.0 mg/f
AT R A 5 k & 2015.10.28 J ARG AEMBEARAR  SH25.1 mg/hi
G SRR IR e 0.3 g/ki & {7 G20040364 FC373 TN R AEAD ORAEE AT PR A 7] IHERR 1.6 m/ki
AR EfHie 4 & PN v S N v JR0H 22.4 mg/Hi
R R RE (RE) K & E NIV N i VIS W FEK 78.8 mg/hi
BB S E (&5 K & PN v S N v WRAEXK 75.3 mg/hi, MK 10.1 mg/hi
RS RE (KR K & E NIV N i VIS WEFEK 57.2 mg/hi
BRI (FE & 0 Kir  Kbw WRIEK 141.9 mg/ki, K 18.9 mg/hi
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BT ik ok itk R iz
EEHE
(Sta a4 k& [ {5 G20110551 PN i S v WRIEK 5.5¢/ki
R k& [ i 7 G20110551 PN v S v SH 12.9 mg/fi
NV #ilR k% E E Khr KR WIEEE 45.0 mg/ki
RERE E E F N S S T SH 9.3 mg/ki
SRR k k b ST N S v SH43.7 mg/ki, Bk 30.0 me/ki
A S AT %k 0 2015/08/15 Fbzm SH 6.8 mg/ki, WIMERK 0.7 mg/ki
SULILIGHT (#737#8) 350mg & 20150405  Biosearch Highway Company Ltd. ~ SH 14.8 mg/fii
Ry E E Ahr KR SH 14.1 mg/fi, iRk 7.0 mg/fi
WIS (LB k k f N SN Wk FEK 74.4 mg/hi
IR i) 0 0 PN i S v WK 66.5 mg/hi
WS (BERT 0 9 Arr AKbw K 59.1 mg/hii
e TN 450 mg [+ G20120007 20150809A I EIE A THRA RAF SH 13.6 mg/fi, iRk 16.0 mg/fi
IR S R E [ & 620110551 PN S T IRFEK 45.0 mg/ki
Timi master 453 k k 2015/03/18 B R A HARF RAF WZEX 115 mg/ly
IR e 2 0.4 g/ E T G20141178 20150409 VLFEEE AN RA H WnE
ol ok 04 g/ [EErT G20141178 20150309 VLFEEEANARA H W
IR (HEaEe) k k Arr Abor WEFEK 50.7 mg/hi
BEH (LORT) k k Arr Abor Aok
EJERAE MGSS #iFi — 5% k& Arm o HJE IEIEXK 20.0 mg/ki
TRk % B I k& [ fr {7 G20050373 Arm BREGEEVERAR  RGH
RSN 4 k k Arr Abor YK 38.1 mg/hii
EALNIE k k Mir KR SH 7.1 mg/ki, YK 13.1 mg/hi
T e £ % Fhin kb SH7.1mg/ki, YAk 34.8 mg/hi
B 15 % 2015/07/20 "IN TAE R A A TRA BYEK 22.1 mg/kii
90 TE SR 9 9 Arr AKbw SH 8.3 mg/ki
WIS GRERERE k k Mir KhR SH 0.2 mg/fi, Bk 2.5 mg/fi
COURONNE 1 (i) E E F N S T SH 77.2 mg/ki
FRLm ) (ERHESY 500mg & 20151101 Fbsrs K 16.4 mg/hi
fiikraza i 9 k& Arm EMTRERAVARTHEAR i
S AR ey 4% EEfET 62020130306 20150101 FEPHTTERZA RIHT AT WnHEA
TITISO WAL % E E Ahr KR AR
FRYERIE e A s A R 400 mg [E 4t G20120449 151226  WARBIFRIBESEMEARGRAR KK
R 300mg & Arr AKbw SH 2.5 mg/ki
HOMHH 400mg & E D EEHATT R X 2 AT SH 8.1 mg/ki, WIMEEA 0.5 mg/ki
KEMABEREN 0.7g  QS440713011890 20160101 | ARAETEAFHA RA kA
BRAHRI P 2 lg/ki & 9658562-05 | MIEAELE i RHEA TR A A A
PRl S 25g4% Gz DAIET (2006) 04150807  IbRUBERAT RIS TR WA E kA
5 110000-JS0031 5
IR/ e TR A I AU 2.0 /b [ T G20100331 20150403A [~ g HECR{ i AT IR A4 7 WIHELA] 3.1 mg/fi
T AT 042¢ T 620110551 14081901 ZALHT: BUEECEMBHEIITRA Wi
BRAA RZAGEFH: Wi
WY ARG R A

USA Slimming Capsule *x k Arr AKbw SH 17.5 mg/fi

KRR 3
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AR i UL ﬁFftt%gz AT & e/
7 H
A RSN T & 2015/10/08 Fhim SH9.5 mg/ki
Devil figure (5 %5 MHIRALIEHE) 350mg & Kb Biosearch Highway Company Ltd.  SH 15.6 mg/fi
BT g A S DRI RALE) 400mg % 2014/08/10 Fbr SH 3.1 mg/ki, BHEK 20.1 mg/ki
PR R AR CORRBERALE) 800 mg 2014/08/10  Fbf7R SH 21.3 mg/kii
JERB I GLERTE) & Kar KEw WRIEXK 80.8 mg/ki, Bk 3.8 mg/ki
ERESRE GEERE Ok NIV N S VN Mgk 48.9 m/ki, WAL 3.0 mg/ki
USA purchasing (258 5 %) Ok S YN SH21.4 mg/fi, FHAK 23.7 mg/kii
USA purchasing (£ 255 5 i%) x & Kbsm A SH 17.8 mg/fi, Bk 16.7 mg/fi
USA purchasing 5 [H i M1 A Khir AR SH 26.7 mg/kii
AN
USA purchasing 5 [H i FRIEIREE A Kb AR SH 24.7 mg/hi, FHRK 39.0 mg/fi
(BRI~
EAE EER AT B Ok K AR SH 4.5 mg/fii, ML 66.0 mg/ki
RORE GOERRIERTE t E Khir AR SH 30.6 mg/fii, FEK 0.6 mg/ki,
IR 1.2 mg/
TRES AT SRR ] 20g/48 PEET (1997) %8225 20150702 ZAEH: ViR R RBAYHIATF ARl
RAERAR: ZHER: | RfEA
B 2R A
TR GRS ERRE & E&ET 620110551 Kar KEw it
WY GRAESTG A REE) ko HEMT 60110551 Kir KlEw SH 9.9 mg/fii
TEREE (REERESED) Ok SN S VN WEgEK 45.0 me/ki
YRR S By 3 04g  [EEET G20050373 20150901  ZHCAE RN BTG GF R KT
WARAR; AL 7
GRR AR R AT
OD ORANGE DIAMONDS 7 Kb AR SH 7.7 mg/fi, Mk 29.3 mg/ki
(OD Hififh) Hrfics
OD ORANGE DIAMONDS A Khw AR SH 8.3 mg/fii, Mk 28.7 mg/kii
(OD Hitifs) R
COURONNE PERDREDU POIDS (Ji#) £ & Khw A SH 0.5 mg/fi, UMHERA 8.3 mg/fi
b ‘1-,}1‘ R .H',Al‘ I . IA2 i 1I-A2
7\ 1-B1 0 1I-B1 N IBZ ““““““ A .IIPZ.
| I-C1 S S )it ‘Cl‘ L I-C2 A 1I-C2
L I-D1 i 1I-D1 L 1-D2 [ U II-P2I
A I-E1 L 1I-E1 \ I-E2 N 1I-E2
0 4 8 12 0 4 8 12 0 4 8 12 0 4 8 12
t/min

A1-280.0—138.7 A2-280.0—>124.7 BI1-331.1—-80.7 CI1-1949—137.8 (C2-194.9—109.8 DI1-318.9—>2249 D2-318.9—>196.9
E1-180.8—123.7 E2-E1-180.8—95.7

B3 xEBm 0) REEm 1) B&H SH (A). BKEX (B). BB (O). MHEE (D). F# (E) 89 MRM 2. EM4EF
EREE

Fig. 3 MRM quantitative and qualitative ion pairs chromatogram of sibutramine hydrochloride (A), frusemide (B),
phenolphthalein (C), caffeine (D), and theophylline (E) in solution of reference substances (I) and samples (II)
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