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ABSTRACT: After a brief introduction of the definition and risk factors of overweight and obesity, this paper
presented and discussed the types, extraction and detection methods of illegal additives in weight-reducing dietary
supplements. More than 100 synthetic drugs are adulterated into dietary supplements individually or in combination,
including appetite suppressant, energy expenditure enhancer, drugs for preventing digestion and absorption, drugs for
influencing lipid metabolism, diuretic and antidepressant. The applicability and limitations of existing analytical

methods were summarized. Compared with gas chromatography, thin layer chromatography, enzyme linked
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immunosorbent assay and nuclear magnetic resonance, high performance liquid chromatography combined with

tandem mass spectrometric detection is the most commonly used technique. For tablets, capsules and granules,

liquid—solid extraction is the main sample pretreatment method. Although the current analysis methods can basically

meet the actual detection requirements, there are some defects in the face of new drugs and high throughput screening,

such as simultaneously extracting and pre-treating of the compounds with different polarities and improving the speed

of analysis for high throughput screening. Direct analysis in real time-high resolution mass spectrometry has the

advantages of high speed, accuracy and efficiency, which can be used to fill the gaps and screen illegal additives in

weight-reducing dietary supplements.

KEY WORDS: weight-reducing dietary supplements; illegal additive; high performance liquid chromatography; gas

chromatography; thin layer chromatography; enzyme linked immunosorbent assay; mass spectrometry; nuclear

magnetic resonance
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Tablel Information of 111 illegal additives

CAS

o QO w >

althiazide
acarbose
amiloride
diazepam
amfepramone
amphetamine
bupropion
triamterene
orlistat
oxethazaine
bambuterol
phenobarbital
phenylalanine
phenylpropanolamine
phentermine
benfluorex
phenmetrazine
phendimetrazine
phenytoin
isoxsuprine
phenformin
ethyl 4-aminobenzoate
bisacodyl
benzfetamine
bendroflumethiazide
benzthiazide
probenecid
bumetanide
theophylline
acetazolamide
emodin

usnic acid
dobutramine
metformin
sennoside A
sennoside B
sennoside C
sennoside D
sennidin A

sennidin B

5588-16-9
56180-94-0
2016-88-8
439-14-5
90-84-6
300-62-9
34911-55-2
396-01-0
96829-58-2
126-27-2
81732-65-2
50-06-6
150-30-1(DL), 63-91-2(L)
14838-15-4
122-09-8
23602-78-0
134-49-6
634-03-7
57-41-0
395-28-8
114-86-3
94-09-7
603-50-9
156-08-1
73-48-3
91-33-8
57-66-9
28395-03-1
58-55-9
59-66-5
518-82-1
125-46-2
14648-57-8
657-24-9
81-27-6
128-57-4
37271-16-2
37271-17-3
641-12-3
517-44-2

C1H4CIN;0,4S;
CysHasNOis
C¢HsCIN,O
C¢H3CIN,O
Cy3H1oNO
CoH 3N
C3;H;3CINO
CHi N,
C39H353NOs
CysH41N30;
Ci5H2N305
Ci2HiN>Os
CyH;NO,
CyH,;3NO
CoHsN
Ci9H20F3NO,
C1H;sNO
C,HsNO
CsH12N>O,
CisH3NO;
CoHsNs
CyH;1NO,
CpH | 9NO4
C7Ha N
Cy5H4F3N;04S,
C5H4CIN;04S;
Ci3H19yNO4S
C,7H20N>0sS
C7HsN4O,
C4HeN4O;S,
Cy5H,00s
CsH,607
C2H,00
C4H N5
C42H350,0
C42H350,0
CyoHyoO19
C4oHyoO10
C30Hi15010
C30Hi15010
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gxR1
CAS
41 fenoterol 13392-18-2 C7H,1NOy
42 phenothiazine 92-84-2 C,HoNS
43 phenolphthalein 77-09-8 CroH1404
44 phentolamine 50-60-2 C7H9N5;O
45 furosemide 54-31-9 C,H;CIN,OsS
46 fenfluramine 458-24-2 CoH6FsN
47 fluoxetine 54910-89-3 Ci7HsFsNO
48 cyclothiazide 2259-96-3 C14H16CIN; 048,
49 gemfibrozil 25812-30-0 Ci5H,,05
50 methyl amphetamine 537-46-2 CoHisN
51 methylephedrine 552-79-4 C H;sNO
52 thyroxine 51-49-0(D), 51-48-9(L) CisHi1O4ILN
53 caffeine 58-08-2 CsHoN4O,
54 theobromine 83-67-0 C,HsN4O,
55 clenpenterol 37158-47-7 C3H,,CILbN,O
56 clenbuterol 37148-27-9 C,H3CILbN,O
57 ractopamine 97825-25-7 Ci3H»3NO;
58 rimonabant 168273-06-1 C»nH, CI;N,O
59 sulbutiamine 3286-46-2 C3,HuNsO6S,
60 lorcaserin 616202-92-7 C1H4CIN
61 chlorphentermine 461-78-9 CoH4sCIN
62 clobenzorex 13364-32-4 C6H3sCIN
63 clorprenaline 3811-25-4 C1HsCINO
64 clopamide 636-54-4 C14H,0CIN;05S
65 chlorothiazide 58-94-6 C7H¢CIN;04S,
66 chlorthalidone 77-36-1 C4H1CIN>,O,S
67 spironolactone 52-01-7 CH3,04S
68 ephedrine 299-42-3 CoHisNO
69 mabuterol 56341-08-3 Ci3HisCIF;N,O
70 mapenterol 54238-51-6 C14H,CIF5N,O
71 mazindol 22232-71-9 Ci6Hi3CIN,O
72 metolazone 17560-51-9 CsHcCIN;O3S
73 modafinil 68693-11-8 C5HsNO,S
74 nefazodone 83366-66-9 CysH3,CIN;O,
75 paroxetine 61869-08-7 C19H»0FNO;
76 meperidine 57-42-1 CsH,1NO,
77 penbutolol 36507-48-9 C3HoNO,
78 propranolol 525-66-6 CisH,1NO,
79 hydroflumethiazide 135-09-1 CsHsF3N30,48S,
80 hydrochlorothiazide 58-93-5 C;H;5CIN;04S,
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gR1

CAS

81 cathine hydrochloride 492-39-7 CoH3NO

82 salbutamol 18559-94-9 Ci3H2iNO;

83 sertraline 79617-96-2 C3,H33N4015S;

84 strychnine 57-24-9 C,1H»»N,0,

85 salicin 138-52-3 Ci3Hi507

86 terbutaline 23031-25-6 Ci,HisNO;

87 topiramate 97240-79-4 C,H,1NOsS

88 torasemide 56211-40-6 C6H20N405S

89 tulobuterol 41570-61-0 C,H5CINO

90 pseudoephedrine 90-82-4 CoHisNO

91 penfluridol 26864-56-2 C,3H,;CIFsNO

92 sibutramine 106650-56-0 C7H,6CIN

93 cimbuterol 54239-39-3 Ci3HisN;0

94 sildenafil 139755-83-2 CH30NgO4S

95 cimaterol 54239-37-1 Ci,H7N;0

96 citalopram 59729-33-8 CyH, FN,O

97 synephrine 94-07-5 CoH3NO,

98 brombuterol 41937-02-4 C,H,3BrN,O

99 nicotinamide 98-92-0 CcHgN,O

100 bergenin 477-90-7 C4H609

101 ethacrynic acid 58-54-8 C3H,CLO,

102 indapamide 26807-65-8 Ci6H16CIN;O5S

103 yohimbine 146-48-5 C,1Ha6N>0;

104 L-carnitine 541-15-1 C,;H5NO;3

105 zonisamide 68291-97-4 CsHsN,OsS

106 2,4- 2,4-dinitrophenol 51-28-5 C¢H4N,O5

107 3,3".5'- 3,3°,5’-triiodo-1-thyronine 6893-2-3 CsH1,I3NOy

108 3,3".5- 3,3,5-triiodo-1-thyronine 5817-39-0 CsH,I3NOy

109 3,5- 3,5-diiodo-I-thyronine 1041-01-6 CisHi3LNO,

110 N- n-di-desmethyl sibutramine 262854-36-4 CsHp,CIN

111 N- n-mono-desmethyl sibutramine 84467-94-7 C7HCIN

3.1 HSmETAIE

)3

3.1.1

B R FE IR
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3.1.5 HiwwraE
b b bl [12]
N , 0.45 um , HPLC 2
, , , T4,
. T4, 2,
, , (3600 g, 5 min) > T4 ELISA
(16000 g, 3 min)2 , , T4,
(liquid chromatography-mass spectrometry, LC-MS) , , LC-MS
[10] . . s
; 32 S E N AE
HPLC 21
, 30 min , 22 C '
4000 r/min 5 min, 2000
5000 ,  0.22 um (603 |
312 R-RFER ’ ’
- ( ’
) LC-MS NMR
’ 11-desisobutyl-11-benzylsibutramine!'*]
’ 32.1 BEGE®
9:1, V:¥) ‘ ?
(3600 g, 5 min) , , . '
, (16000 g, 3 min) ’ (4.40.54.63]
LC-MS (1] -
; ) 3
o . s ; 30 min 60
3.13 MARMEZFRLE . [4]
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(atmosphere pressure chemical ionization, APCI) ’ 225 nm ) ) (10:1:0.1,
Vv , (
60 F254) ,
250~2000 ng ™ - - (9:1:0.3,
Vv R >
1~6 mg, 190ng 634 ngl®!
(DCBI-MS) , tol
[59]
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, 6
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b}

250~2000 ng®
322 mABEHEL
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HPLC
[4,13,20,30,31,42,50,64]

>

[8] MS[2,4,24,27,29,30,35,36,40,41,43,44,49,5 1,52-55,64,65]

200~500 nm
219.2 nm 221.5 nm 222.7 nm
; 200 nm >
222 nm [42] ,
HPLC-DAD
Alltlna Clg N I
-0.02 mol/L ( 0.1% )(12:88, V:7), 11
-0.02 mol/L ( 0.1% ) (60:40, V:V)
215 nm, 550 nm, 190~600 nm®*”
Agilent Zorbax SB Cg (200 mmx 4.6 mm, 5 um),
0.02 mol/L ( 0.1% )- (20:80, V:1)
s 225nm
[25]
UHPLC-DAD
pH 5.0 R

Vision HT Cs-B(2

mmx100 mm, 1.5 pm) (13

225 nmb%,
275 nm B

[30]

323 EmE Bk

[12,55]
Cianchino % 4 , 4
, 2%
[56]
324 BT HERIEE
[14,16]
4, (limit of detection, LOD)
2ng IMS ,
325 AMEiEE
Parr - (gas
chromatography-mass spectrometer, GC-MS)
[3]
30 pg, ( ,30 pgx3 )
(20ng) 4
3.2.6 XAH&ATH

X

(coulometric electrode
array, CEAD)
spectrometry, TOF-MS) , X
(X-ray powder diffraction, XRPD)

(time-of-flight mass

[58]
X
[64]
32.7 BB EE
(ELISA)
ELISA , ,
ELISA ,

[62]

3.2.8 Amidkik

diffusion ordered spectroscopy (DOSY)

'H-nuclear magnetic resonance (NMR) DOSY-COSY
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'H-NMR , , ,
20 , 14 ,

329 # fu
(flow inject, FI)
5 B %

inject tandem mass spectrometry, FI-MS/MS)

N- N-
[60]

LC-MS/MS

11-desisobutyl-11-

benzylsibutramine!'®!
LC-DAD-MS" acomplia
SE
b
N NIR s 2 [1] http://www.who.int/topics/obesity/en/.hto [DB/OL] (2015-7-10).
s [2] Huang ZQ, Xiao S, Huang DL, et al. Simultaneous determination of
X ( X-ray diffraction, XRD) sibutramine and N-di-desmethylsibutramine in dietary supplements for
N weight control by HPLC-ESI-MS [J]. J Chromatogr Sci, 2008, 46(8):
’ 707-711.
N- [64]

[3] Parr MK, Koehler K, Geyer H, et al. Clenbuterol marketed as dietary
4 EE&% u supplen?ent [J]. Bio Med Chromatogr, 2008, 22(3): 298-300.
[J1. ,2013, (21): 100-102.
Liu RB, Liu CH. The rapid determination of illegal adulterants of
sibutramine hydrochloride in weight reducing dietary supplement [J].
Guide Chin Med, 2013, (21): 100-102.
> (5] , , , . LC-MS/MS
11 [J]. ,2009, 23(4): 335-338.

Li D, Wen HM, Cui FC, et al. Screening for 11 slim chemical

compositions in health food by LC-MS/MS [J]. Chin Pharm Aff, 2009,

23(4): 335-338.
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(direct analysis in real time, DART)
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