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Abstracts

We had analyzed 72 samples, which were purchased online and offline stores in Busan, about 60 kinds of illegal
compounds using LC/PDA, and LC/MS/MS. As a result of the test, ‘Sildenafil and Tadalafil’ of illegal substances were
detected 6 out of 72 samples purchased from the Internet ; Sildenafil(529.0 - 2211.6 mg/kg) was detected in 4 samples,
Tadalafil(437.9 mg/kg, 26549.0 mg/kg) was detected in 1 sample, and both Sildenafil and Tadalafil were detected in 1
sample, respectively.

In recovery rates test of the appearance types, the recovery rate of Sildenafil was showed 97.5 - 106.6 %, Tadalafil was
showed 91.2 - 101.9 %, both excluding liquid(oil) type. In the recovery rates test of liquid(oil) types, Sildenafil was
detected 54.7 %, Tadalafil 78.1 % and these values were significantly lower than the other types.

In the validation test of LC/PDA, and LC/MS/MS in Method I, R square(coefficient of determination) values of
Sildenafil and Tadalafil pre-treatmented samples are showed over 99.9 % linearity. In LC/PDA test, LOD levels of
Sildenafil and Tadalafil were 0.04 mg/kg, 0.02 mg/kg, respectively, and LOQ levels of Sildenafil and Tadalafi were 0.11
mg/kg, 0.05 mg/kg. respectively. But in LC/MS/MS test, LOD levels of Sildenafil and Tadalafil were 0.26 mg/kg, 0.2
mg/kg, respectively, and LOQ levels of Sildenafil and Tadalafi were 0.79 mg/kg, 0.61 mg/kg. respectively. In addition,
Standard deviations of quantitative range of Sildenafil and Tadalafil obtained in repeated measurements of samples were
0.02 mg/kg, 0.01 mg/kg, respectively. But in LC/MS/MS test, Standard deviations of quantitative range of Sildenafil and
Tadalafil obtained in repeated measurements of samples were 0.11 mg/kg, 0.14 mg/kg, respectively. This means that
LC/MS/MS has less lower accuracy and precision than LC/PDA.

We experimented to find out the recovery rates of 2 kinds of Thyroid hormone(T3, T4) through the Methods I and II,
and as a result of the test, T3 showed 89.6 - 109.9 % recovery rates in Method I and T4 showed 103.0 - 107.0 % recovery
rates. On the other hand, T3 showed 385 - 46.1 % recovery rates and T4 showed 39.7 - 48.3 % in Method II. This
allowed us to confirm that Method Iis remarkably superior to Method II to increase recovery rates in pre-treatment
method of 2 kinds of Thyroid hormone(T3, T4).

Through the identified test method in this study, we can contribute to build food safety management system by
continuously monitoring food containing illegal compounds on the market.
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Table 1. Types of test samples
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Types Food types Appearance types Purchase typse
(number) (number) (number)
health functional foods(15) water(4) off-line(23)
processed other goods(21) o acetum(3) internet(18)
dietary supplements(4) iquid(11) sugar(1) doubtful maker products(7)
tea(4) 0il(3) doubtful maker crude materials(23)
Total(;;)mber beverage(3) police request(1)
crude materials(23) pill(23)
no label(2) tablet(7)
granule(3)

powder(28)
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Table 2. Analysis condition of LC/PDA and LC/MS/MS

ltems

Condition

LC/PDA

LC/MS/MS

Analysis equipment

Waters(US) ACQUITY UPLC H Class

Thermo scientific(US) TSQ Quantum Ultra

Waters ACQUITY UPLC BEH C18

Thermo scientific Hypersil Gold

Column (100 mmx2.1 mm 1D, particle size 1.7 um) (150 mmx2.1 mm D, particle size 5 um)
. 0.1 % sodium—1-hexane sulfonate in 0.1 % . .
Mobile phase A phosphoric acid in water 10 mM ammonium formate in water
B: 95 % Acetonitrile 100 % Acetonitrile
time flow A B time flow A B
(min) (mL/min) (%) (%) (min)  (mL/min) (%) (%)
0.3 90 10 0.5 80 20
1.0 0.3 90 10 5.0 0.5 80 20
3.0 0.3 75 25 15.0 0.5 20 80
. 5.0 0.3 65 35 19.0 0.5 80 20
Gradient table 8.0 0.3 60 40 20.0 0.5 80 20
9.5 0.3 50 50
11.5 0.3 0 100
15.5 0.3 0 100
16.0 0.3 90 10
18.0 0.3 90 10
Flow rate 0.3 mL/min 0.5 mL/min
Column temperature 40 °C 40 °C
Injection volume 2 uL 10 pL

Analysis wavelength

UV 210, 220, 291 nm(190 — 400 nm)

lonization mode

Electron spray ionization(ESI)

Spray voltage

400 V

Capillary temperature

340 °C
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Table 3. Functional classification types about 60 kinds of illegal compounds
for sexual function(43 compounds) others(17 compounds)
Functional o
o i for obesity(11 iters)
dassification an (;rrzzztence mimetic substances other substances  antidliabetics ol et s thyroid hormone drugs
fypes (36 compounas) (2 compounds) (4 compounds) el s Oler Suostances (2 compounds)
(5 compounds) P P . (3 compounds) (8 compounas) .
Acetaminotadalafil Hongdenafil
Acetyl-acid Hydroxychlorodenafil
Acetyhvardenafil Hydroxyhomosldenafi
Aminotadalafil Hyaroxyhongdenafil
Benzylsildenafi  Hydroxythiohomosidenafil
Carbodenafil Hydroxyvardenafil Cascara sagrada(AB,C.0)
Vioderfi Chlorodenafil Imidazosagatriazinong Desmethylsibutraming
- Chloropretadalafil Nitrodenafil Glibenclamide L Didesmethylsibutraming
legal compounds ~ Sildenafil . ) o . . Sibutramine ) .
. Cinnamyldenafil Norneosildenafi [cariin Gliclazide ) Ephedrine Thyronine(T3)
(totd Tadalafi ) ) - Oriistat . .
) Cyclopentynafil Norneovardenafil Yohimbin Glipizide ) Fenfluraming Thyroxine(T4)
60 compounds) Udenafil . . - Fluoxetine . )
Vadergil Demethylhongdenafi QOctynortadalafil Glimepiride N-nitrosofenfluraming
Demethyltadalafil Oxohongdenafi Phenolphthalein
Desulfovardenfi Piperidinohongdenfil Sennosice(A B)
Dichlorodenafi Pseudovardenafil
Oimethylsildenafil Thiohomosildenafi
Dimethylthiosidenafil THioouinapiperifl
Gendenafi Thiosildenafil
Homosildenfil Xanthoanthrafil
Table 4. Analysis group and wavelength about 60 kinds of illegal compounds
Analysis group Group A Group B Group C Group D GouwE  GowF GouwG GoupH  Group |
(analysis wavelength) (291 nm) (291 nm) (291 nm) (210 nm) @0nm (91 mm)  @20nm) @0 (210 nm)
Acetylvardenafil
Thloqumaplpenﬁl Yohibin
Norneovardenafil .
) Vardenafil
Hydroxyhongdenafil .
i Carbodenafil ,
Hongdenfi . Hydroxyvardenafil
Hyaroxyhomosildenafil cain Acetaminotadalafil
’ ) Demethylhongdenfil . Sennoside(AB)
Aminotadalafil . Demethyltadalafil !
' S (Oxohongdenfi ) Fenfluraming
lllegal Dimethylsidenafil o Acstyl-acid . Glipizide
. Sildenafil L Phenolphthalein , o )
compounds Desulfovardenafil - Benzylsildenafil ' ) . FEphedine  Cascara  Gliclazide ' Thyroning(T3)
) Homosildenafi . Didesmethylsibutramine ) . _ - Orlistat )
(total 60 Udenafil . Pseudovardenafil . ! Fluoxetine  sagrada  Glibenclamide Thyroxine(T4)
. Xanthoanthrafil . Sibutramine .
compounds) Tadalafil . Gendenafil . ' Glimepiride
o ) Cyclopentynafil ) .. Desmethylsibutramine
Piperidinohongdenafil o Thiohomosildenafil ) )
. ) Mirodenfil ) N-nitrosofenfluraming
Cinnamyldenfi o Chlorodenafi
, Thiosildenafi ! -
Hydroxychlorodenafil ' Co . Imidazosagatriazinone
: o Dimethylthiosidenafil
Hydroxythiohomosidenafi ) )
) Nitrodenafil
Chloropretadalafil )
o Octylnortadalafi
Norneosildenafil
Dichlorodenafil

291 nm T4, Group D, H, I+ 210 nm 3 o] %2 33 24 EA3t4ck
A, Group G 220 nm 3gel|x] Z}z} E2A8} FHE4d 60F2 97) Groupol theh 74249

o] A 1749 F 99| processingS- 53l 8] spectrumS- Fig. 3 - 119 YeRH ]S chro-
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Fig. 3. Spectrum of Group A(1. Acetylvardenafil, 2. Thioquinapiperifil, 3. Norneovardenafil, 4. Hydroxyhongdenafil,
5. Hongdenafil, 6. Hydroxyhomosildenafil, 7. Aminotadalafil, 8. Dimethylsildenafil, 9. Desulfovardenafil, 10.
Udenafil, 11. Tadalafil, 12. Piperidinohongdenafil, 13. Cinnamyldenafil, 14. Hydroxychlorodenafil, 15.
Hydroxythiohomosildenafil, 16. Chloropretadalafil, 17. Norneosildenafil, 18. Dichlorodenafil).
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Fig. 6. Spectrum of Group D(1_1. Senmnoside(B), 1_2. Sennoside(A), 2. Fenfluramine, 3. Phenolphthalein, 4.
Didesmethylsibutramine, 5. Sibutramine, 6. Desmethylsibutramine, 7. N-nitrosofenfluramine).
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Fig. 7. Spectrum of Group E(1. Ephedrine, 2. Fluoxetine).
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Fig. 8. Spectrum of Group F(1_1. Cascara sagrada B, 1.2. Cascara sagrada A, 1_3. Cascara sagrada D, 1 4. Cascara

sagrada C).
Q69 1 Glipizide &y 2. Gliclazide P86 3. Glibenclamide [1%0-222% 6 4. Glimepiride
[\ 2263 it / (\/ \
(| 2275 \ \
74.8 \
2998
T T '
20000 Hm 0000 5000 40000 20000 25000 20000 35000 40000 20000 25000 00,00 25000 20000 20000 5300 20000 0w 40000
- - = m

Fig. 9. Spectrum of Group G(1. Glipizide, 2. Gliclazide, 3. Glibenclamide, 4. Glimepiride).
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Fig. 10. Spectrum of Group H(Orlistat).
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Table 59 Yehd A3} o] 611 F 510A
Sildenafile] 529.0 - 2211.6 mg/kg 7= FoH,

273014 Tadalafilo] 437.9 mg/kg, 26519.0 mg/kg
AZ 93, o]5 = 1732 Sildenafil, Tadalafilo]
S0 ASE Tk B Ao x] A=H Sildenafil
7} Tadalafil& Aol FAE SHE A83le 3
28k FHULH 2L Table 59l UeRd 27 2
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Table 6] LC/MS/MSE %3+ % 91 49
S 93} Sildenafil ¥} Tadalaﬁb] precursor ion %

Table 5. Contents and Estimated daily intakes of illegal compounds detected from test samples

Test samples 8-22-1 9-12-24 9-12-25 9-12-27 9-12-28 police—1
Contents of Sildenafil 667.1 2211.6 529.0 749.6 738.5 -
illegal compounds
(mg/kg) Tadalafil - 437.9 - - - 26519.0
Estimated Sildenafil 2.0 71 -133 17-32 2.2 2.2 -
daily intakes
(mg/day) Tadalafil - 1.4 -26 - - - no label

“Recommended daily requirements of Sildenafil : 50 mg/day
YRecommended daily requirements of Tadalafil : 10 mg/day
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Fig. 13. LC chromatograms of Group B and test sample.
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Table 6. Selective ion mode and MS fragments data of Sildenafil, Tadalafil in ESI

lllegal

Formula Mass mode
compounds

Precursor ion

(m/z)

Product ion(m/z)

Qualitative analysis

Quantitative analysis

Sildenafil CooHaoNs04S 474.5 ESI +

475.3

70.20

99.20

100.21
254.22
283.30
299.27
311.33

100.21
283.30

Tadalafil Co2H19N3O4 389.4 ESI +

390.1

135.01
169.08
197.29
204.87
240.02
262.07
264.27
268.18

169.08
268.18

Sildenafil¥} Tadalafile] ¥FEZ3} 749
production®] 7J=7} Table 79 Yehd CODEX
ALIMENTARIUS COMMISSION(2007)9l| 4 A A]
& 51823 oINS E % + ek

AdHoz B ) i35 AAS LC chroma-
togram’g2] RT7} UX]star LC/MS/MSoi|A19]

Aol L7t =(Relative ion intensity)7} &8 2%}

Sildenafil(at) #1053 RT: 8.65

T: + ¢ ESI SRM ms2 475.397 [70.195-70.197, 99.195-99.197, 100.211-100.213, 25 ...

mw/z= 70.19-311.33
w/'z Intensity Relative
70.20 906712.6 9.96
99.20 5980191.5 65.69
100.21 8203342.0 90.11
254.22 1710285.3 18.79
283,30 9103617.0 100.00
299.27 1723867.8 18.94
311.33| 3391388.8 37.25

Table 7. Efficiency

requirements for relative

ion

intensity(CODEX ALIMENTARIUS COMMIS-

SION 2007)
Relative ion intensity LC-MS/MS
>50 % <20 %
20 % - 50 % <25 %
10 % — 20 % <30 %

9-12-24#1054 RT: 8.66

n/'z

70.20

99.20
100.21
254.22
283.30
299.27
311.33

T: + ¢ ESI SRM ms2 475.397
m/z= 0.

19-311.33
Intensity
2784253.5
18736282.0
24B867402.0
5458999.5
28566236.0
5375908.5
10791534.0

Relative
8.75
65.59
§7.05
19.11
100.00
18.82
37.78

[70.195-70.197, 99.195-99.197, 100.211-100,213,

Fig. 14. MS fragments data of Sildenafil and test sample.

Tadalafil (st)_1309232154054981 RT: 6.07

T: + ¢ ESI SRM msZ 390.100 [135.008-135.010, 169,078-169.080, 197.206-197.2088 ...

w/z= 135.01-266.18
m/z Intensity Relative
135.01  773135.3 32.23
169.08 612770.7  25.5%
197.29  196330.6 8.19
204.87 388535.3 16.20
240.02 324341.4 13.52
262.07 764732.1 31.88
264.27 126875.7 5.29
268.18 2398599.0 100.00

9-12-244982 RT: 8.08
T: + ¢ ESI SRM msz 390,100 [135.008-135,010, 169.076-169.080, 197.286-197.285 ...
m/z= 135.01-268.18

'z
135.01
169.08
197.29
204,87
240.02
262.07
264.27
268.18

Intensity
573543.3
444828.8
161199.9
298127.5
237455.3
658533.4

92434.0
1858338.0

Relative
30.86
23.94

8.67
16.04
12.78
35.44

4.97

100.00

Fig. 15. MS fragments data of Tadalafil and test sample.
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el DAtz Al AEE -] #F

Foh N2 QA PR 2L A T 5 Yk

HAE S48 B W SEA A

Sildenafil®} Tadalafilol] th3+ Method 19] 3]
& AFPAFE= Table 89 YeRH wie} o] A
7EE 100 %ol ZHT AIAE B o A
(FA)AME AAY T FAEES ez s
Sildenafil®] 3]48-8 54.7 %, Tadalafil®] 3)48&
© 781 %2 A4 %L 582 Uehgl) of
= WA (FA)E-E AL 91.2 - 1052 %2

A8 A 71

e

5
olN

5)4-8 4502 Lee 579] 95 - 110 %, Choi &
o] 95 - 100 %9t HIZ=E AF=S LERiTE
LC/PDA ¥ LC/MS/MS2] Method I¢ that
Fa8A Ao e ZA3Z Table 9o YERA]
o™, Sildenafil, Tadalafilell thgl R square(co-
efficient of determination)3t-2 =5 99.9 % ©]
2ol H21432 Yehlla, Choi 579 99.6 %
o} nl2=3t Ande). LC/PDAS] 7<% Sildenafil,
Tadalafilel] thgt LODgk2 Z+z} 0.04 ng/mL, 0.02
ng/mLZ Choi 5] 0.04 ng/mL, 0.02 ng/mLs}
x5}, Lee 579] 0.02 - 0.2 pg/mL Hrl=

Table 8. Recovery Rates of Sildenafil and Tadalafil from test samples by Method 1

Recovery Rates(%)(n=3)

te;y Z‘::nglfes Sildenafi Tadalafil
Mean + S.D %RSD Mean = S.D %RSD
liquid(water) 105.2 + 0.6 0.5 101.9 + 0.7 0.7
pill 97.5 + 0.3 0.3 92.6 + 0.3 0.3
tablet 106.6 + 0.1 0.1 98.7 £ 0.2 0.2
granule 104.3 + 0.2 0.1 949 + 0.4 0.4
powder 104.2 + 0.0 0.0 94.3 £ 0.1 0.1
liquid(acetum) 97.9 + 3.3 3.4 91.2 +£ 0.3 0.3
liquid(sugar) 101.8 + 2.4 2.3 93.4 + 0.2 0.2
liquid(oil) 54.7 + 2.0 3.6 78.1 £ 0.2 0.2
Table 9. Analytical method validation Data of LC/PDA and LC/MS/MS by Method 1
o Sildenafil® Tadalafil®
Validation data
LC/PDA LC/MS/MS LC/PDA LC/MS/MS
R 0.9999 0.9997 0.9998 0.9999
LOD(ug/mL)? 0.04 0.26 0.02 0.20
LOQ(ug/mL)? 0.11 0.79 0.05 0.61
o(ug/mL)” 0.02 0.11 0.01 0.14
Quantitative rate(9%)® 107.6 92.0

“Detected sample case(n=5, replication=3)

"Detected sample case(n=2, replication=3)

ICoefficient of determination

imit of Detection(3.3 x Standard deviation of the Area/ Slope)
9Limit of Quantitation(10 x Standard deviation of the Area/Slope)
IStandard deviation of contents from quantitative analysis

9100 x [Quantity of LC/PDA] / [Quantity of LC/MS/M9]
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TR wo AR VERIRICE =S LOQ7kS 717t
0.11 pg/mL, 0.05 pg/mLZ Lee 5¢] 0.1 - 05
pg/mL Rt} @& Ans Yehfick
LC/MS/MS2] 7% Sildenafil, Tadalafilol]
)& LODZHS 7H2} 0.26 pg/mL, 020 pg/mL
0]137, LOQZE 712} 0.79 ng/mlL, 0.61 pg/mL
ojth I3t AlFe] RHESAA Aol A7k
o] EFEAERINE LC/PDAS 7% Sildenafil,
Tadalafilel] that F=H21= 282 0.02 ng/mL, 0.01
ng/mLo| oy}, LC/MS/MS<] 7d-%- Sildenafil,
Tadalafilell th3gt FFHR= 24zt 011 pg/mL,
0.14 pg/mLZ UER} LC/PDAS B3] LC/MS/
Mse] Adat FgAgdo] v o= RIS

e Z=2EHe] A Hlw

WA S28A 213, T4 o8& AP
Method I, II2 1}o] 2AA]3E930 1 Table 10
o] e Atk Method 1] 7-9- T3, T49] 3|5
o] z}z} 89.6 - 1099 %, 103.0 - 120.6 %Fo Y,
Method 119] 7% T3, T49] 3)4~8°] Zz}7} 33.6 -
497 %, 392 - 494 %= eI} 2]3F 2 ofEokA
B7rdel A% F FEE4 B4 (2013), ¢ 7]

F Method IIof] <J3] ZA2]gk A4 Method

Ho

530

‘ZHHE

Ho

ek

Iel oJgk AA| KT} PA3] &
t}. Method Il 2]3F 79
=, 72819 xpo]Z target EHY HF 7t
olHs Zo= AdHEk Eg 34§
o] X% Table 10 YERH v} o] Method [ <]
735 T3, T49] 358 RFAA} 5 01 - 04
%oy, Method 119] 73-% T3, T49] 3|45
%RSD7} 2+zF 81 - 19.1 %, 0.7 - 9.0 %= YeEh}
Method 11 9] A& do] gz e g vyl

ol I T EEA 23(T3, T4l thgh A
2] e g Method I 23 W] 345 4
ARG SA ARG -9l HolFe
Aolck

flo
Jote
nlg
tlo
L
£
32,

olo o
AMAE =

2 o

1. 3229 offline v 2 online 7l E E3}o]
FAE HA 727300 sl FHEE BAEE
LC/PDA 2 LC/MS/MSE o] &3] 24
st A7} 6719 AA|o|A] Sildenafil#} Tadalafil
o] AZHeH olF 674 T AE oA
Tfsk AR FLk o]E 671 F 57194 Sildenafil
o] 529.0 - 2211.6 mg/kg AZEom, 2739

bS]
o=

Table 10. Recovery Rates of Thyroid hormone T3, T4 from test samples

Recovery Rates(%)(n=3)

Types of Method | Method |l
test samples T3 T4 T3 T4
Mean £ S.O  %RSD Mean £ S.O %RSD Mean £ S.O %RSD Mean £ S.O %RSD

liquid(water) 1056.8 £ 0.4 0.3 107.0 £ 0.4 0.3 46.1 + 45 9.7 483 +1.4 3.0
pill 1099 £ 0.3 0.3 1049 £ 0.3 04 33.6 + 2.9 8.6 39.2+06 1.6
tablet 101.7 £ 0.1 0.1 103.0 £ 0.2 0.2 427 + 4.0 9.4 406 £+ 1.5 37
granule 96.2 + 0.3 0.3 120.6 £ 0.4 0.3 46.9 + 3.8 8.1 43.0 £ 03 0.7
powder 90.7 + 0.1 0.1 113.8 £ 0.2 0.1 47.0 + 3.8 8.1 457 £ 41 9.0
liquid(acetum) 95.0 £ 0.1 0.1 118.6 £ 0.1 0.1 49.7 + 4.6 9.2 494 + 07 1.4
liquid(sugar) 95.4 + 0.4 0.4 105.7 £ 0.4 04 48.4 + 4.1 8.4 46,5+ 1.7 3.6
liquid(oil) 89.6 £ 0.1 0.1 103.6 £ 0.1 0.1 385+ 74 191 39.7+1.0 24
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2] Tadalafile] 437.9 mg/kg, 26549.0 mg/kg
AEHAA, o5 F 14-L Sildenafil#} Tadalafil
o] g A=HUTk
CASAEE 398 AYdA] Sildenafile of
HAGA)E AG SN 975 % - 1066
%e] 31582 LFERAT Tadalafile 9]
(FANE AQlgE FHolA 91.2 % - 1019 %<
355 YERIITE HFA(FA) S e
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