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Monitoring of illegal compounds and prohibited natural ingredients in 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 Illegally adulterated compounds, such as impotency drugs and their synthetic analogues, which have been
purported to enhance sexual potency or mood, have been constantly detected in foods including dietary supplements. The
adulterated foods with these illegal compounds may threaten public health because their safety and efficacy have not been
verified. This study was aimed at investigating illegal compounds in foods and counterfeit products. 54 illegal compounds
were assayed using a simultaneous analytical method involving liquid chromatography equipped with photo diode array
(LC-PDA) and LC coupled with tandem mass spectrometry (LC-MS/MS). The method was validated in terms of
selectivity, linearity, limit of detection (LOD), limit of quantification (LOQ), precision and accuracy. In 48 of 161 samples,
we identified 7 different illegal compounds, including sildenafil, tadalafil, chlropretadalafil, demethylsildenafil, dimethyl-
thiosildenafil, icariin and yohimbine. When purchasing products marketed for erectile dysfunction or aphrodisiacs, ulmost
care should be taken owing to the possible presence of these illegal compounds.
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HPLC #4-8 ZH-2 Shiseido Capcell Pak C18 MG 11 (4.6x
250 mm, 5.0 um)fé— ]- 3l k. 0.5mM  sodium-1-hexane sul-

4 BE A]—*‘l‘é’]-oi 2mL/m1n«] 450 F gradient Zﬁi =
Attt JJr Z71-¢ 291 nm (200-400 nm)°|N 1, AY L&
40°C, A5 FYFE 2pLollor, F BAAZEE 608l ATh
(Table 2). & °d¥oﬂ*1t W RAXEA 2 2 fAEE, 238
Hl, o]7kd & FAHEH 54%S group 1 (18%F), gorup 2 (18%),
group 3 (9%), group 4 (9%)Z W7ol BAEY siRNeH, 4
B4 54%9] HPLC A2nfEI2WL Fig 19 JeERNTH
23gg A3 FHEZ] AEFFHAAY d4=E 9 LC-
MSMSE A ES st TE LC-MS/MS #2412 WatersA+<]
Xevo TQ-S (Milford, MA, USA)E AM&3lslon, 244 AHe

Table 1. Classification of 54 illegal compounds investigated in this study

Classification

Compounds

Anti-impotence drugs (6)

Avanafil, mirodenafil, sildenafil, tadalafil, udenafil, vardenafil

Acetyl acid, benzylsildenafil, carbodenafil, chlorodenafil, cinnamyldenafil, cyclopentynafil, homosildenafil,
demethylhongdenafil, dichlorodenafil, dithiodesmethylcarbodenafil, dimethylsildenafil, dimethylthiosildenafil,
gendenafil, hongdenafil, hydroxychlorodenafil, hydroxyhomosildenafil, hydroxyhongdenatfil,

Sildenafil analogues (31)

hydroxythiohomosildenafil, imidazosagatriazinone, methylhydroxyhomosildenafil, mutaprodenafil, nitrodenafil,

norneosildenafil, oxohongdenafil, piperidinohongdenafil, propoxyphenylthioaildenafil,
propoxyphenylthiohomosildenafil, propoxyphenylthiohydroxyhomosildenafil, propoxyphenylthiosildenafil,

thiohomosildenafil, thiosildenafil

Tadalafil analogues (8)

Acetaminotadalafil, aminotadalafil, chloropretadalafil, demethyltadalafil, diethylaminopretadalafil, homotadalafil,
2-hydroxypropylnortadalafil, N-octylnortadalafil

Vardenafil analogues (5)

Acetylvardenafil, desulfovardenafil, hydroxyvardenafil, norneovardenafil, pseudovardenafil

Other analogues (2) Thioquinapiperifil, xanthoanthrafil

Natural ingredients (2) Icariin, yohimbine
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Table 2. HPLC-PDA conditions for simultaneous analysis of

erectile dysfunction active ingredients and natural ingredients

A 2UEHH 407

Table 3. UPLC-MS/MS conditions for analysis of erectile
dysfunction active ingredients and natural ingredients

Instrument Shiseido Nanospace S1-2 HPLC-PDA
Capcell Pak C18 MG II (4.6x250 mm, 5.0 pum)

Column temperature 40°C

Column

A: 0.5 mM sodium-1-hexane sulfonate in

Mobile phase 0.1% phosphoric acid
B: 95% acetonitrile
Time (min) A(%) B(%)
Initial 85 15
6 85 15
15 70 30
Gradient conditions 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 uL

Detector UV 291 nm (200-400 nm)

Waters AQUITY UPLC™ BEH C18 (2.1x100 mm, 1.7 um)°]$]
th ol TS 0.1% EFAe] Efle = (015 A 0.1%
EAko] 0%l oMHEUEZH (0] By ARESIAITE AR
AL 2 uLelR T, 03 mL/mine] 42 F gradient 2712
2] 31 TH(Table 3).
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Instrument Waters AQUITY UPLC

AQUITY UPLC™BEH C18
(2.1x100 mm, 1.7 pm)

Column temperature ~ 40°C

A: 0.1% formic acid in D.W.

Column

Mobile phase B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%)
UPLC Initial 95 5

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 2 ul

Instrument Waters Xevo TQ-S

Ionization source ESI

Desolvation temperature 500°C

MS/MS Desolvation gas flow 800 L/h
Capillary voltage 2.5kV
Cone voltage 25V
Source temperature 150°C
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Fig. 1. HPLC chromatograms of 54 erectile-dysfunction active ingredients. (A) 18 mixed standard solution (Group 1), (B) 18 mixed

standard solution (Group 2), (C) 9 mixed standard solution (Group 3), (D) 9 mixed standard solution (Group 4).
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Fig. 1. Continued.

(dietary supplement)’} 347102 7P Wty tlS-0 2 nEAI7}
114, 3B 15 ZA (herbal supplement)’} 3710|ATHFig. 2). T3 F-
AEHo] AEH 48718 AXS7PEARE RIS o, vl=o] 40
AR 7P WA, HEA] AlFe] 570N, LAEd o},
B, olgg o= 24 1172 YERHTHFig. 3). PIFAIFolA
FAEZ0] ol A&9 olfi= 39 AEl Al|EYN 7 &
AA T F e AEZF EAIECI] WEe R AlsEr

2 AFolA 7P Bol AEE FAFEEL oFl-le g 20710]
AEHIoH, tFoge a3 164, Bl 1671, A

Table 4. Linearityy, LOD and LOQ of diethylaminopretadalafil,
propylnortadalafil

1174, S22 g elt}2ld (chloropretadalafil) 471, Tivl €A dv
(dimethylsildenafil) 171, Tl™ € E] 24 d| 12 (dimethylthiosildenafil)
°] 17 AEHAK(Table 7). FHEZY #E =& °7H 0.1-
46.8 mg/g, 88H1 0.04-8.8 mg/g, EFTFEFE 1.2-99.7 mg/g, ATt
2 05-170.8 mgg, =2z el E 0.3-0.8 mg/g, CWE A
U 1.6 mg/g, THEX 2 AERE 195.9 mg/gel At < (natural)
ojojA] QFBIth= A2 2Z <lFl] FE9} 2Fd ARgo] G
Ao} ek 5oz whE A|Eo] AEUS e T gl
t}, o]7}do] B9 Sl MAFPxRE FHe AT e

dithiodesmethylcarbodenafil, mutaprodenafil and 2-hydroxy-

Instrumental Method
Analyte Regression equation
LOD (ug/mL) LOQ (ug/mL) LOD (ug/mL) LOQ (ug/mL)
Diethyhlaminopretadalafil y=55283x-35275 0.9984 0.1 0.2 5.0 10.0
Dithiodesmethylcarbodenafil y=171873x+165817 0.9986 0.2 0.5 10.0 25.0
Mutaprodenafil y=44619x-31478 0.9982 0.1 0.4 5.0 20.0
2-Hydroxypropylnortadalafil y=70971x-43965 0.9986 0.1 0.3 5.0 15.0
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Table 5. Accuracy and precision of diethylaminopretadalafil, dithiodesmethylcarbodenafil, mutaprodenafil and 2-hydroxy-
propylnortadalafil

Applied concentration Analyte Accuracy (% Recovery) Precision (%0 RSD)
(ng/mL) (=15, 0=0.01) Intra-day Inter-day
Diethyhlaminopretadalafil 93.1£3.7 1.1 1.1
Dithiodesmethylcarbodenafil 85.5+3.8 5.0 59
> Mutaprodenafil 93.7£1.6 59 6.6
2-Hydroxypropylnortadalafil 93.3£1.9 0.7 2.6
Diethyhlaminopretadalafil 90.5+3.0 0.6 3.1
Dithiodesmethylcarbodenafil 98.2+2.7 2.4 1.6
25 Mutaprodenafil 91.6+3.5 3.6 49
2-Hydroxypropylnortadalafil 89.0+3.0 1.8 4.1

"The values are recovery (%)tconfidence interval.

Table 6. Number of samples collected and adulterated in this study

Number of collected samples Number of detected samples .
- - - - Detection rate (%)
on-line off-line sum on-line off-line sum
124 37 161 39 9 48 30
N
Lol ® Analyzed N.
100 4~ m Detected N.
8o ¥~
60
34
a0 +
24 20
20 7 11
| I TV
ol o 4 B o B 7
Dietary Health Herbal Nutritional Tea/beverage Other No
supplement functional supplement  supplement processed information
food foods
Fig. 2. Classification of 161 samples by food type.
™ 119
120 77
M Analyzed N.
100 1~ M Detected N.

Korea USA Canada New Australia Germany UK Japan No
Zealand information

Fig. 3. Classification of 161 samples by manufacturing country.

U AEole ARRE F glE 98olH, 2318l0] Eolde 23] HAh T ARFACE BuedE =] glou Aduydo]

W 74 (yohimbe bark) 2Fel AMgo] A€ ARo|EZ 3|9 AZE NEE U, Auvds goEide] FAl A& Al

QAEY Alo]EoA 21FS YT wf ZPE3s o7t dasith EE AU o AT W= e 7 W RAXEA 7
ANLE-AN FYE AFE 111 F 548 7 B HEAX 7] 952 AlA] BHA o E AR Wi £=rt B

EAZ ddudo|y gojetdoe] HEEHIJATHTable 8). ©] F 374 o w7k EFE B st FFL s T AR

& ¥AE R FHe oo duuZe] AEHNY, 21 B < I EYS Aoz ALFEH

AlE SR 12378 B2 ko] Aduds glreide] AE HAEA] AZH AE F 204X E F 7] o)ite] BA
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Table 7. Levels of erectile-dysfunction active ingredients and natural ingredients in this study

Concentration
Detected N. Content (mg/unit)?
Mean" (mg/g) Range (mg/g)
Tadalafil 16 39.7427.9 1.2-99.7 0.8-70.8
Sildenafil 11 85.6+59.0 0.5-170.8 0.2-122.1
Chloropretalafil 4 0.7+0.2 0.3-0.8 0.02-0.3
Yohimbine 16 3.2+3.0 0.04-8.8 0.02-4.7
Icariin 20 5.6+13.3 0.1-46.8 0.1-36.8
Dimethylsildenafil 1 1.6 1.6 0.9
Dimethylthiosildenafil 1 1959 195.9 129.3
"The values are mean+standard deviation.
IContent per dosage form, such as capsule, tablet, pill, strip or scoop
Table 8. Levels of sildenafil and tadalafil in the fake impotency drugs
Sample ID Ingredient indication Detected compound Concentration (mg/g) Content (mg/unit)
. Sildenafil 0.5 0.2
A-002 Sildenafil 20 mg Tadalafil 206 04
A-003 Sildnafil 100 mg Sildenafil 170.8 122.1
A-004 Sildenafil 100 mg Sildenafil 112.5 85.9
A-005 Tadalafil 20mg Sildenafil 152.7 74.1
A-106 Sildenafil 300mg Sildenafil 76.6 554
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