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Screening of anti-obesity drugs, their analogues and
prohibited ingredients in slimming foods

Jisuk Yun, Jangduck Choi, Kisung Kwon, and Cheon-Ho Jo*
New Hazardous Substance Team, National Institute of Food and Drug Safety Evaluation, Ministry of Food and Drug Safety

Abstract Globally, obesity has been recognized as a serious health problem. Recently, slimming foods for weight loss
and maintenance were found to contain anti-obesity drugs, their analogues, and prohibited ingredients. To avoid inspections
by the Government, structurally modified analogs have been continuously synthesized. For rapid determination of
adulterated slimming products, we simultaneously analyzed 21 illegal compounds using liquid chromatography (LC)
equipped with photo diode array, and LC coupled with tandem mass spectrometry. The validation of the method was
performed with regard to selectivity, linearity, limit of detection, limit of quantification, precision, and accuracy. We
purchased 128 samples from the Korean market and online sources in the year 2015. In 31 samples, 3 illegal compounds
were detected as follows: 9.9-1353 mg/g of sibutramine, 0.2-17.5 mg/g of yohimbine, and 1.8 mg/g of icariin. This
simultaneous detection method might prove to be a simple and rapid analysis for monitoring illegal compounds in

slimming foods.
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SAIE 8520708 AAKe A= 1A% Aot 817 0]2111}(1) 4
Fo]oFEQRAA A 2013 RE] 20159714 Fagh AFALY
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o] ohtiehs sk sbssle], Bu Al SUG AAE W95
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AFEZRE Held AZEY 2S5 JAA (selective serotonin
reuptake inhibitor)Z Y&l 25 XEAZ vl= 219K (Food and
Drug Administration, FDA)2] 1S WotoL}, A4 48831
ol A7 JS ek ot 51'7]”«] DA AT
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Table 1. Classification of 21 illegal compounds investigated in this study

Classification

Compound

Anti-obesity drugs (2)
Sibutramine analogues (4)
Hypoglycemic drugs (4)
Other drugs (4)

Sibutramine, Orilistat

Prohibited compounds (7)

Desmethylsibutramine, didesmethyllsibutramine, chlorolsibutramine, benzylsibutramine
Glibenclamide, gliclazide, glipizide, glimepiride
Liothyronine (T3), levothyroxine (T4), ephedrine, fenfluramine

N-nitrosofenfluramine, fluoxetine, phenolphthalein, cascarosides (cascaroside A, B, C, D),
sennosides (sennoside A, B), icariin, yohimbine

aEg & dAFedMe toldE AF F 74 E9d" vRt
A8A} 2 AR, oo AR, A BA AR T F 21T
o] FE=EE FARANORE 238 ddleH, B HE
ol the dejzrt dae A5 s A 7|zAE8=E &
[¢]

Satarat sl

R
=4 Y A=
A3l 74 EYE vIAEAl O fARE, QoE AR, A
€ B4 AE 5o HHRAE flsto] s dEU AlelES =
WelM FE52L e teldE A% 12808 TSI 7Fde
AlEe B A7) AfEls 203 9 2004 skt

Al & =X}

HIREX 54 A8l AIREST G Q2 2eEE v %E
(Hwaseong, Korea)ollAl #|-g AL, AIREZR] FAREZD 452
Y AHEA L EZT (desmethylsibutrmine), T H] AW A ET]
(didesmethylsibutrmine), =& 3E 219 (chlorosibutrmine), 12
A F-E 2] (benzylsibutrmine)s} #&F2H7] (fenflulamine), N-UE
243 ZF2 (N-nitrosofenfluramine)S- 2% 2FEobd Aol &
e ZTEFS AT 2EME ko] =(Glibenclamide), =
ZZe23 (gliclazide), S23 A (glipizide), S2]7 2] = (glimepiride),

L E]Z (liothyronine, T3), #X.E]S4l(levothyroxine, T4), il
= H(ephedrine), =74 ¥l (fluoxetine), ©]7}+¢ (icariin), 23151
(yohimbine), #|& 22 ¢l(phenolphetalein)-> Sigma-Aldrich (St.
Louis, MO, USA)IA 43+ 32, AlzAko] =(sennoside) A2} B
+ Wako (Osaka, Japan)llX 43ttt 7F2=72AF0] = (Casca-
roside) A, B, C, D= 2&]&Fo|oFESbdxjol| A 2 o] HEA| (dietary
supplemen)Z =3 e 2FE FEPASt] Az 23
F2 AMESIATE o187 Ao T8 sodium-1-hexane sulfonate
o} FEAK(formic acidye Sigma-Aldrich AES FY8A, 14+
(phosphoric acid)> Wako (Osaka, Japan) #|&2& AME-SIATE o
A Z2etE T 1]-8 ofA BV EE (acetonitrile)? ™ EH2-(methanol)
< Merck (Darmstadt, Germany)ollA +43153, &2 Barnstead
Nanopure (Thermo Scientific, Marietta, OH, USA)E ©]|-&3}f

& zeF 3% BR4E Aesn,

O o r-

EFESY| =X

FEY (stock standard solutionyS ¥FES zHzt wgkgo] =
] 10mg/10 mLo] H=F A2, 3 EFEH (mixed stan-
dard solution)2 EFUNE 70% methanol o =] 7ol whet
10-200 mg/Le] F=7} ExE AZSIT). 34 (calibration curve)
248 913F A8 (working stand solutionye XL AL 70%
V) MEHEE 3]43te] 0.5-50mg/Le] F=7F S AZ3A

Table 2. HPLC/PDA conditions for 21 illegal compounds

Parameter Condition
Instrument Shiseido Nanospace S1-2
Column Capcell Pak C18 MG II (4.6x250 mm, 5.0 pum)
Column temperature 40°C
Mobile phase A: 0.5 mM sodium-1-hexane sulfonate in 0.1%
phosphoric acid
B: 95% acetonitrile
Gradient Time (min) A (%) B (%)
conditions Initial 85 15
6 85 15
15 70 30
30 60 40
32 60 40
40 0 100
50 0 100
52 85 15
60 85 15
Flow rate 1.2 mL/min

Injection volume 10 pL

Detector UV 220, 291 nm (200-400 nm)
ot 2 dFoAE HTRIEA 2 2 fAEE, AMEEAEE T
21%5%

STFOR o] EAsglon], REAYS EPAEE
e B A gl Hol 4colN WA R

EAEE B 8 #43S F 18 Fst 70% (viv) T
50 mLoll = 1027F 233 FE313L, 4,000 rpmel|A] 53
A

771 # BM=A

I&NA I ZwlE 72 3] (High performance liquid chromatogra-
phy, HPLC)-PDA 4]-> Nanospace S1-2 (Shiseido, Tokyo,
Japan)g ©]-&-3t oM, ®Ael ARE-3F Z7-2 Shiseido Capcell
Pak C18 MGII (4.6x250 mm, 5.0 um)°] AT} °] A 0.5mM
sodium-1-hexane sulfonate”’} E10E 0.1% <AAH(ClE A
95% CHIEHEZ (IS ByE ARSI, 1.2 mUmin®] #5
o2 FrruzAcs BAEtHTable 2). AE £EE 40°C0]
A3, A& 2ul& HPLCO FYsle] 60%7F 431tk PDA
AZ7)9] 3L 200400 O & Aol 7t ¥ o) Fgshe
2FEYS Blsiglon, o7k, a3nl, F2TlEAlel=E 291
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Table 3. UPLC-MS/MS conditions for 21 illegal compounds
investigated in this study

Parameter Condition
Instrument Waters AQUITY UPLC
AQUITY UPLC'™BEH C18
Column

(2.1x100 mm, 1.7 pm)
Column temperature ~ 40°C
A: 0.1% formic acid in D.W.

Mobile phase B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%)
Initial 95 5
UPLC 3.0 95 5
Gradient conditions 7.0 90 10
14.0 20 80
16.0 20 80
16.1 5 5
18.0 95 5
Flow rate 0.3 mL/min
Injection volume 2L
Instrument Waters Xevo TQ-S
Ionization source ESI
Desolvation temperature 500°C
1\1\//[[SS/ Desolvation gas flow 800 L/h
Capillary voltage 25kV
Cone voltage 25V
Source temperature 150°C

nm, 7L 2] A2 220 nmol|A F]=29] mEE AR RISk

HPLC-PDAZ 12} 2=3'd g &, ZA=ZHEATH(LC-tandem mass
spectrometry, LC-MS/MS)Z FAAIE S 3tk LC-MS/MSE
Xevo TQ-S (Waters, Milford, MA, USA)Z ARg-sljon H28
AHES  Waters AQUITY UPLC™ BEH CI8 (2.1x100 mm,
L7 umyE ARS8 ol 0.1% EEA] E9%e E(©]
B A 0.1% EE3e] E0%e SHEUEZH (]S B2
AMEEIE 2™, 03 mL/ming #4502 F5 7] ZA0E B4
Sl TH(Table 3). 28 2%E 30°CE AABIL, A1F 2 uLs

?3‘5‘}04 185 %Cﬂ' ’E‘}ﬁ O]'M

N

A|%-II:H S5M A=
ATl e AFTEE)N FAEAUA FeHA, Choi &

(9)J)r Kwon 5(4)°] A& AFollA 24351 Fdd Al W
AFEZRC] A AlEY K2 4SS AAlsilen, A9
A (selectivity), 21414 (linearity), 71Z$HA (limit of detection, LOD),
A=A (limit of quantification, LOQ), A (precision), & &4
(accuracy)S BRISHAITE. MAAFEZTI0] AZEHA] 2 FA
ol MAAFET FFEAS Hrete] AeldS g,
EFEAS TR Bl de fdedosiy 37143 4
23 A4 (coefficient of determination, )& AF&3slo] F A4S &l
;]'Oj‘jr AZEsHA e} AFHAE BFEdS HUIs ARE 53]
HHE =459l om Ao Fro] ¥FHAK(standard deviation, 6)E
30}04 38 (o), 1081(100)== S 283t A Sug
mL&} 25 pg/mlLe] HFENS FAIR Hrtete] FFEs gl
stlom, 397 sukE SR BYAL 2 T oA 1
Y <t 53] sk AUl EX(intra-day assay)Z 3o AX

1:

O

rulo 1>

Table 4. Accuracy and precision of benzylsibutramine

Spiked Accuracy Precision (% RSD)
concentration (% Recovery)
(ug/mL) (n=15, 0=0.01) Intra-day Inter-day
5.0 94.5+0.7" 0.5 1.1
25.0 94.7+1.0 0.4 1.6

DThe values are mean=confidence interval.

Y A3E vhEse d7F X (inter-day assay)S AAlste] A
2 Jdl £ X (percentage  of relative standard deviation, %
Slstnt. 97 Adde AR FAHEA (one-way
analysis of variance, one-way ANOVA)S.Z oA HFS A3
atom, JEA 4284 AOAC 7Hol=gl(10)dl] A §HehA]
gttt

SHXE|

B, EFAAL AR FAREA S AESH] flste] o
(Microsoft office 2010)2] WoJEEA 238 ARSI )
ofE 95%M FAA S A8 tHp=0.05).
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1(LC-quadrupole linear ion trap mass spectrometry)@ 213+ 1
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Table 5. Levels of illegal compounds detected in slimming food

Concentration
Detected N.  Mean? Range ( Ig;:gilgz)
(mg/g) (mg/g)
Sibutramine 4 5424556  9.9-135.3 6.6-39.2
Yohimbine 26 3.443.8 0.2-17.5 0.1-15.2
Icariin 1 1.8 1.8 2.6

"The values are meantstandard deviation.
IContent per dosage form, including capsule or tablet

CIOOEXNE & HIEXIEM, RASE % AESSA 42 4

ENZ=AL
ol EAlFe] &

g MR A, g
4, OFF AR 5 ASTA AR 53 BYY

sl sla gt} tholo]EA|Zo] EF

S st}

fls
1541 stetr2s dF WA FAE
o

A gAS} FAREE, oA, 8|, 2R, ASA|, Dt

Folth, 58] M EA FAHEEo] A&HoE
i, sy d AFAD

9 LCPDA 24 ) A ARE 2kl Yolsied /1

Aol AE 4
o 7 gwa— Hl‘i‘]?ﬂﬂ %, g e e
MAAREDR S EHT FAHRA 45, GJoFE AR 4%, 4

oHQl EiLi'
Ao ﬂruﬁﬂl U= *4% 128718 Fuli3le] HPLC-PDA%} LC-
MSMSE 243 A3} 31724%)004] AREZH] a3l o]}
do] HEHUTKTable 5). °1& FA=H] AEdE A& 3112
BT 89 A"l A|EE Bl el AFoInh & Al
A 228 tlolo]EAE F 7P ol ASEH ARL g3dlo
2267 AZHIL, AF FEE 02-17.5 mg/gel e, A
2 471(9.9-1353 mg/g), ©17H 173(1.8 mg/g)el 74ZHE}(Tab1e
6, Fig. 1). Jang 5(2)2 HololE AF 5 AFEHT 28-82.1
mg/g, 8349 5.6-92 mg/go] AETATIL HASIHSL, Jang 5(3)

A 3: MRM of 3 Channels ES+ 125.10 3: MRM of 3 Channels ES+
e 8.24 TIC (Sibutramine) '] (Sibutramine)
2.31e8 1.22e8
‘ 139.14
|
I
.!
| 201.99
0 T T T T T “JWTWS 0 LA M s T LA | T T T T ™ miz
2.00 4.00 6.00 8.00 10.00 12.00 14.00 100 110 120 130 140 150 160 170 180 190 200 210 220
5: MRM of 3 Channels ES+ 445  SEMRMLERS Channels ot
B 100 6.04 TIC (Yohimbine) 1007 (Yohimbine)
1.26e8 Lased
212.20
‘ 117.18
o T T T T ‘v~ T T T T T T T Time e T | sl T T T T T miz
2.00 4.00 6.00 8.00 10.00 12.00 14.00 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
C 14: MRM of 3 Channels ES+ 369.12 14: MRM of 3 Channels ES+
1004 7.33 100

TIC (Icariin)
2.39e7

B S B A B A s 5 A S AR RSN S RS AR
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

Time

(Icariin)
531.17 1.12e7

313.09

0 T T T T T T T T T T T T miz
250 275 300 325 350 375 400 425 450 475 500 5é5 550 575 600

Fig. 1. Chromatograms and mass spectra of sibutramine, yohimbine and icariin obtained from weight-loss products.
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2 AFEFHT 474-792 mg/g, SR 1.0-6.9 mg/ge] AEFATH
I B o, Kim 5(13)2 AlFEZRI] tlo]oEAZE 7}t
WA AEEe FEEdolgal sifloH, AEsEE 0.03-
1324 mg/gS 2 B3], B e} H|S23t A5 Bk

23N 7he, MR, T2 T Ttz sk F
FAURE] Pausinystalia yohimbe -] FAANA FE2& HE
o, ol oM E HFHOE HSAR AREHASH(14),
McCarty®] el oJatd &5 & A3 Al AW 7el &
FINA AAF &IE HATHIS). o7He AT RS &
AREOE, AAFHRE FROAT AFHOE AT 5 U,
AFE AR & SITh(T). 23R o)7HS eyt
AREo] ERE Y89 B4 ARoIR|RE olEc] FHE A3
EUl ALe|EoA g2 FE A & 5 Sl sE9f 2
215 989 AN rhsolie dUEmitt 71Ee] EEE,
H Y8y AREFAE FEIA AT Eolel gt Eg g
AH F 257 Fel, WSS, Auts T AARE,
(manic reaction), 7| ZXA#A, EHS, B, A @7 @3
A, &%, 75 5 5F olmuidd &3 dE FFgol
SLETH(16,17). AFESFIZ A7 o] Hx g2 ARS-E e
L AEIA Sl Alzket REgo g sl 2010 10€ v+
FDAOI ¢Jaf A% 8l ARg-o] TR HUN, AFEpTe] 7)d3|AL
QA HF NHEA ARIS|F3ATHE). AFo FEPAA M=
20104 108 FLRHIGL3E AR AjFA g AR 3
TE dagk vb ok o]AH ARge] FAE AFEZIe] T
H B toldEARS E&te A2 W A e 98
2 FE Ut B AT AEHA G bl 2]
FEZ, tU2m AT ESRTAY A REZRIY] F25 ¥
A fAFE o] EUE Tl EAEE FE L AATHR,13,18).
ol FAEEE XEAZ MdE AR IsrRE o WY
AR Ao Z, Bl fFEdo] PEEA auS Wrk oy,
st rzrE M7 Wi 23 X5A dEd e &9
E UsAE FEd o floh BRI A9 2 fAREE, o9kE
AR B AREEA Aol EHAeE Y EFAES st
7] 918k, Al FAEA Al&e 33 &30 ZUHY
2 ArpE Bestm, WA AAE FE AAHE Asiof
g ZloF At HErh

o 2

oo >
rlo rlo rr

B
2 to ol (Z o

(]
=l

Hlvke AAAH o2 Azbek BAE QA E T k. H2 AE
At FA1E 913 tholoEAIF HRX AL} I FAMEE,
AREFA] AEEo] AT Aok AR IAE Hol7] flske,
HIWE 84 9] gehtzs dF HEHAZ FAMER] x&Hoz
A k. FAEHo] TYHE Tho|oEAES A& A
AFEE7] §15te, ol TjEE AlE die] QY Alo|Ed
A 12879] tho]o|EAIES rjEllen], HPLC-PDASF LC-MS/
MSZ 2159 FHELS ARSI AdHe f84 45
2 Aeyg, ANy, A&, AR, 48, 41U S AEsH
Atk BAAT 31719 A BolA FAPEHC] HEHNeH, HdE
FEe AREZ 99-1353mg/g, 24 02-17.5 mg/g, ©17+
1.8 mg/geI AT}, & Aol FAHER BEAHLe s L 44
g Ao R AEbdARE A% VIxAEE E8E ¢ IS
Zo 2 AtEHL

o

11.

12.

13.

14.

15.

AR EASEA A 48 AA 5 T (2016)

Aol =2

E AT 2016d% AFoekEebdAle] ATuNEn]|(161617]
21059)°l <j3ll Y= ReH, ojd AAR=H T}
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