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Development of Rapid Analytical Method of Forbidden Medicines
in Dietary Supplements Using LC-ESI-Tandem MS

Hee-Yun Kim, Hwa-Mi Lee*, Young-Mi Jang, HyunJin Joo, Young-Hyun Jung,
Myoung-Sook Lee, Jong-Seok Park, and Kwang-Ho Lee

Hazard Substances Analysis Team, Center for Food and Drug Inspection,
Gyeongin Regional Korea Food and Drug Administration

Abstract A high-performance liquid chromatography-electrospray ionization (HPLC-ESI) tandem MS was developed for
the rapid and simultaneous determination of forbidden medicines in dietary supplements. Thirteen medicinal components
such as PDE-5 inhibitors and their analogues, and the newly identified dimethylsildenafil and xanthoanthrafil, were
included in this study. After tentative standardization of molecular ions in both polarities using thirteen references on the
mass spectrometer, with ESI-continuous infusion via the syringe pump method, the relative intensity of the ions present
in the resulting spectra was quantitatively compared. From the results, the ion mode was selected depending on each
reference's characteristics. A HPLC method coupled with the ESI mode was developed considering the matrix effect and
interference depending on the type of sample. The validation test of the developed method was followed by carrying out
precision, accuracy, recovery, sensitivity and linearity, etc. The method showed sufficiently high sensitivity, reproducibility,
and specificity, and produced 4 times faster results when compared with the existing HPLC/UV method for the
determination of forbidden compounds in dietary supplements.
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Aol AMEE A1 formic acid(99%, Fluka, Buchs, Germany),
TFA(trifluoroacetic acid, 98%, Acros, NJ, USA)$} ammonium
formate(99.995%, Sigma-Aldrich, St. Louis, MO, USA)o|= &-rf
24 WELMHPLC gade, Burdick&Jackson, Seoul, Korea),
ACN(Acetonitrile, HPLC grade, Burdick&Jackson)o] AME-S|310.H,
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717124 =24 (LC/MS/MS)

NSAENAEY] 2R EE 242 9% LOMSMS 24
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AR ZARF Gojeel MZIE vlmsle] 39 Fo|o]
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Table 1. Selective ion mode of 13 Compounds in ESI

« ESI + mode & &

« MRM =&
ED

« Buffer &
«pHY

« Matrix & - Matrix &

Fig. 1. Flow chart of Instrumental Procedure for LC/MS/MS.

AL AR FZHA MRM =4 2 LOMSMS 271¢ &
Yaiach ¥ LoMSMS HHES AS3E) st A,
24, 39 282 A Bol B AL FYT F AA £
e 23 Fga BAupS ARG AAH BH2 AF
H AZSAEZA 28 AFE EE O A8E F
Pz 4F Y FHE NEE Fig 13 2ok

AE B2 oA Liquid Chromatography(LC)= Nanospace II
(Shiseido, Tokyo, Japan)E AH&-3F%ATh CapeellPak C18 MG I
(2.0mm Ld. x 150 mm, 5 um) (Shiseido) & AME3IH oW o]&ite
2 BYzAS JH3) 9319 I BRiE ARE AR
5}04(89,15-17) 0.1% formic acid, 10mM NH,COOH &,
0.05% TFA(Trifluoroaceticacid) =843} & A3 BA & F
83} acetonitrile §-94-& A3t ¥l REAEIGAh LCo 92"
tandem mass spectrometerMS/MS)= API 4000Qtrap(Applied Bio-
systems, Foster City, CA, USA) 29-& AMS-3192™ curtain gaso}
collision gas2¥ FAAE ANt dlojg A % 778
Z2 7880 24 Analyst 1.4.2(Applied Biosystems)S AM2-313ith.

Algel #a
A - 99 - BAEL AR 2A%E 98 SAAPIE Yo}
NEE AAST LUAFL BYPAFL AFFL = A%

No. Compound Q1 Formula Exact Mass Mode

1 Vardenafil 489.2 C23H32N604S 488.2

2 Hydroxyhomosildenafil 504.9 C23H32N605S 504.2

3 Aminotadalafil 391.1 C21H18N404 390.1

4 Hongdenafil 467.0 C25H34N603 466.3

5 Sildenafil 475.1 C22H30N604S 474.2

6 Homosildenafil 489.2 C23H32N604S 488.2 ESI Positive Mode
7 Pseudovardenafil . 4601 C22H29N504S 459.2

8 Hydroxyhongdenafil 4832 C25H34N604 482.3

9 Udenafil 517.1 C25H36N604S 516.2

10 Dimethylsildenafil 489.0 C23H32N604S 488.2

11 Xanthoanthrafil 390.1 C19H23N306 389.1

12 Icariin 6752 C33H40015 676.2 .

13 Tadalafil 388.1 C22HI9N304 389.1 ESI Negative Mode
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Fig. 2. Structure of Icariin.
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Fig. 3. The full scan spectrum of Icariin at the ESI positive (left) and negative (right) mode.
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Table 2. MRM condition of 13 compounds
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No. Compound Q1 Q3 Dp* CE** cxp
e 1592 151.3 70 67 8
1 ardenafi . 169.3 70 59 14
Hydroxyhomosildenafil 504.9 872 o 33 ”
2 ydroxyhomosildenafi . 1291 101 41 20
3 Aminotadalafil 3911 S o p 4
inotadalafi . 169.0 81 47 14
4 Hongdenafil 467.0 1o o . 0
ongdenafi . 1273 146 47 10
5 Sildenafil 475.1 1909 e i :
ildenafi . 283.1 131 53 16
. 72.1 136 95 10
6 Homosildenafil 489.2 99.3 136 57 14
1512 151 59 8
7 Pseudovardenafil 460.1 1692 151 59 10
127.0 126 43 20
8 Hydroxyhongdenafil 4832 143.0 126 45 )
2832 96 65 24
9 Udenafil 517.1 3253 96 51 16
' . 1133 120 43 18
10 Dimethylsildenafil 489.0 283.1 120 55 14
151.0 76 21 26
11 Xanthoanthrafil 390.1 107.1 76 73 16
‘ 513.1 -65 -14 -9
12 Icarin 675.2 3672 65 42 -19
262.0 -95 -26 -5

1 .

3 Tadalafil 388.1 232.0 -95 -52 -17

*: Declustering Potential
**; Collision Energy
***. Collision Cell Exit Potential
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3l A¥e FP3g e 7t &4 pH= 12, 34, 70 2 638
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3 B Az} Az AME Fig 409k 22o] 2+ AR o] 23}
&3 £E8=7F ¥ pH 7 F=! 10mM NH,COOH £}
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2 2 olujx=glr}ztEe] MRM ZZ(Table 2)7} Table 394 1t
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A AR 2 54 ALAAe] EAE gREde] gA A
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ESI negative 2=A] Elttelge] -9 4] 278 FA46
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Fig. 4. MS chromatogram of Vardenafil, Hydroxyhomosildenafil and Aminotadalafil (above) and extract ion chromatogram of
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Vadenafil (below) at the various buffer conditions.

Table 3. Buffers, pH and mobile conditions of HPLC

Buffer in DI water pH Mobile Mobile condition
Gradient Table
Time Flow rate B% A%
THF 0.05% 12 :
Init 250.0 5.0 95.0
3.0 250.0 5.0 95.0
o

Formic acid 0.1% 34 A: Buffer in Water 35 250.0 20.0 80.0
B: Acetonitrile 40 250.0 70.0 30.0
10mM NH,COOH 70 12.0 250.0 95.0 5.0
bk 65 13.0 250.0 50 95.0
No buffer ' 15.0 250.0 5.0 95.0

g HEg2 2 BeEY 738 HAsBle olsdd &8 =
A& HZ s rH(Table 3).
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Fig. 5. Comparision of Tadalafil 388->262 ion intensity at the various buffer conditions.
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Fol XA FNEH0] 4% o]F 8% oy HEHEEF
7Ag AsAkFig. 6). FRFNEZ 13F0] IR &2
B3 7AA e AZvETW(Fig. 7)7 vt & o ¥ Lo/
MSMS BA 270 2R E2 135 digk £ Jert &
35S & 4 ik

2z MY AYS 5 JITAARLNE F 295
U AEQA AR 1.000 g8 500, 1000, 2000 ng/mL. EENE 75
% A8 Axjglsle] LOMS/MSE BHEHS o vleluzy A
£ 10-500 ng/mL BINM %33 AXAE=09978) & Y
e ymzA] 12%F9] AiME Ha ABAIFEE 098522
Al AAAE JeERRATHTable 4). 71&2] HPLC/UV "PE< ppm
leveldld E4& 33k W £ AF9 LOMSMS W
ppb level 7FA] AFAE BolB= o)z mF9] {FalEHe] &Y
e ALdE AZo] Lolah 2 F UL AX) Frh

AU, A 2 AS@EIA, AN B Y ¥
AfAE 1359 EEEH-E F=H(50, 100, 200 ng/mL)E A
g% AAE AT H7he HPLCAOA ohdit AEe 2
Zo] Uit dl2F AEL 29Fu AEe E5ES 7Y
g AAE F=EE NHEG-sY) Aldste BT AL
7 RARSED EEE W EEUAE WA HFgoe=n
Wi H]e] WE-8 CV(Coefficient of Varation, %)&A1 78tz
A A 3ty AFY wxe] FFIYEL NINY F=
2 ke HY] MES(%)E FIAth(Table 4). = AZALET
WA Aozl F o] peak?] AlZ of FLH|(SN ratioys 3.3
LB AEFWMZ 31, A5 ol FEH] 108 FHIAZ sl +
3} th(Table 4).

AR EE 1359 582 7 292Gy AE, 4E5S
E AE, HEHEN A8 XEYE 78l AR AAIE
3le] HF FE7F 50ng/ml, 100 ng/mL, 200 ng/mLe] HEE v
g 71 89 FEoA B2 tlolElolA e HARH S o]
o &3t BEE o)l A &5 A d& AR ER
9] Hola WAL ¥wdly EaAch2s). 2 A3} viEge)
23t AFoA e HE F5Ee 7 06.1%0)1R e A&
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o2 fEY2Y 3489 Aol velR] & 35S A

=
B
=

[~ B TiC tom Bample 3 Blank) of REC_ 1112 wit (Tuibs 8piay)

¥H0
400

a0
400D
w00
300 a0
34004
3200
2000
2800
2e00
2400
2200
2000
1200
1800
1400
1200
1000

00
500
L]

2001

Indenssy, <ps

M. 46950 93
395
1137 204

3% 42

1408
105¢e

—
e

7 ¢ 8 [ 10 n 12 13 14
Time, min

Fig. 7. Blank chromatogram.



378

Table 4. Validation data of 13 forbidden compounds*

=2 ER |2 Al 39 A A 4 F (2007)

Overall Mean

Overall Mean

No. Compound R? CV (%) Accuracy (%) LOD (ppb) LOQ (ppb)
1 Vardenafil 0.9978 5.0 100.9 0.5 1.0
2 Hydroxyhomosildenafil 0.9882 42 97.6 2.0 5.0
3 Aminotadalafil 0.9710 5.2 87.7 2.0 5.0
4 Hongdenafil 0.9972 34 98.5 0.1 0.5
5 Sildenafil 0.9872 4.5 98.8 0.5 1.0
6 Homosildenafil 0.9743 5.4 97.9 0.5 2.0
7 Pseudovardenafil 0.9609 7.0 97.4 0.1 0.1
8 Hydroxyhongdenafil 0.9970 4.6 100.2 0.5 1.0
9 Udenafil 0.9955 4.5 99.4 02 0.5
10 Dimethylsildenafil 0.9718 7.0 98.2 0.5 1.0
11 Xanthoanthrafil 0.9886 6.1 99.1 1.0 2.0
12 Icariin 0.9998 0.0 99.8 5.0 10.0
13 Tadalafil 0.9790 0.0 97.9 02 0.5
Overall Mean 0.9852 44 98.0
*: Overall Mean Data at 50.0, 100.0, 200.0 ng/mL solns (n=9).
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