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재료 및 방법

실험재료



Types
Food types

(number)

Appearance types

(number)

Purchase typse

(number)

Total number

(72)

health functional foods(15)

liquid(11)

water(4) off-line(23)

processed other goods(21) acetum(3) internet(18)

dietary supplements(4) sugar(1) doubtful maker products(7)

tea(4) oil(3) doubtful maker crude materials(23)

beverage(3) police request(1)

crude materials(23) pill(23)

no label(2) tablet(7)

granule(3)

powder(28)

실험방법

검체 2 g을 취함

 ↓ D.W 10 mL

습윤 및 용해

 ↓ Methanol 40 mL

10분간 진탕

↓

30분간 초음파 추출

↓

5분간 3000 rpm에서 원심분리

 ↓ 0.2 µL 필터로 여과

시험용액
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검체 0.1 g을 시험관에 취함

↓ 단백질 분해효소액a) 5 mL

질소가스를 5분간 흘림

↓

진탕 후 차광상태에서 37 oC, 24시간 가수분해

↓ 반응정지액
b)
 3 mL

진탕 후 5분간 3000 rpm에서 원심분리

↓

상등액 4 mL 분취

↓ 초산완충액c) 20 mL, 초산에틸 20 mL

진탕추출

↓

초산에틸층 분취 후 초산에틸 20 mL로 다시 추출

↓

초산에틸을 합하여 농축

↓

이동상(A:B=1:1) 2 mL로 용해

↓ 0.2 µL 필터로 여과

시험용액

Items
Condition

LC/PDA LC/MS/MS

Analysis equipment Waters(US) ACQUITY UPLC H Class Thermo scientific(US) TSQ Quantum Ultra

Column
Waters ACQUITY UPLC BEH C18

(100 mm×2.1 mm ID, particle size 1.7 μm)

Thermo scientific Hypersil Gold

(150 mm×2.1 mm ID, particle size 5 μm)

Mobile phase
A :

0.1 % sodium-1-hexane sulfonate in 0.1 % 

phosphoric acid in water
10 mM ammonium formate in water

B : 95 % Acetonitrile 100 % Acetonitrile

Gradient table

time

(min)

flow

(mL/min)

A

(%)

B

(%)

time

(min)

flow

(mL/min)

A

(%)

B

(%)

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

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 oC 40 oC

Injection volume 2 µL 10 µL

Analysis wavelength UV 210, 220, 291 nm(190 - 400 nm) -

Ionization mode - Electron spray ionization(ESI)

Spray voltage - 400 V

Capillary temperature - 340 oC



Functional

classification

types

for sexual function(43 compounds) others(17 compounds)

 anti-impotence 

drugs 

(5 compounds)

mimetic substances

(36 compounds)

other substances

(2 compounds)

antidiabetics

(4 compounds)

for obesity(11 items)
thyroid hormone drugs

(2 compounds)diet pills

(3 compounds)

other substances

(8 compounds)

Illegal compounds

(total 

60 compounds)

Mirodenfil

Sildenafil

Tadalafil

Udenafil

Vardenafil

Acetaminotadalafil

Acetyl-acid

Acetylvardenafil

Aminotadalafil

Benzylsildenafil

Carbodenafil

Chlorodenafil

Chloropretadalafil

Cinnamyldenafil

Cyclopentynafil

Demethylhongdenafil

Demethyltadalafil

Desulfovardenafil

Dichlorodenafil

Dimethylsildenafil

Dimethylthiosildenafil

Gendenafil

Homosildenafil

Hongdenafil

Hydroxychlorodenafil

Hydroxyhomosildenafil

Hydroxyhongdenafil

Hydroxythiohomosildenafil

Hydroxyvardenafil

Imidazosagatriazinone

Nitrodenafil

Norneosildenafil

Norneovardenafil

Octylnortadalafil

Oxohongdenafil

Piperidinohongdenafil

Pseudovardenafil

Thiohomosildenafil

THioquinapiperifil

Thiosildenafil

Xanthoanthrafil

Icariin

Yohimbin

Glibenclamide

Gliclazide

Glipizide

Glimepiride

Sibutramine

Orlistat

Fluoxetine

Cascara sagrada(A,B,C,D)

Desmethylsibutramine

Didesmethylsibutramine

Ephedrine

Fenfluramine

N-nitrosofenfluramine

Phenolphthalein

Sennoside(A,B)

Thyronine(T3)

Thyroxine(T4)

Analysis group

(analysis wavelength)

Group A

(291 nm)

Group B

(291 nm)

Group C

(291 nm)

Group D

(210 nm)

Group E

(210 nm)

Group F

(291 nm)

Group G

(220 nm)

Group H

(210 nm)

Group I

(210 nm)

Illegal

compounds

(total 60 

compounds)

Acetylvardenafil

Thioquinapiperifil

Norneovardenafil

Hydroxyhongdenafil

Hongdenafil

Hydroxyhomosildenafil

Aminotadalafil

Dimethylsildenafil

Desulfovardenafil

Udenafil

Tadalafil

Piperidinohongdenafil

Cinnamyldenafil

Hydroxychlorodenafil

Hydroxythiohomosildenafil

Chloropretadalafil

Norneosildenafil

Dichlorodenafil

Yohimbin

Vardenafil

Carbodenafil

Icariin

Demethylhongdenafil

Oxohongdenafil

Sildenafil

Homosildenafil

Xanthoanthrafil

Cyclopentynafil

Mirodenfil

Thiosildenafil

Dimethylthiosildenafil

Nitrodenafil

Octylnortadalafil

Hydroxyvardenafil

Acetaminotadalafil

Demethyltadalafil

Acetyl-acid

Benzylsildenafil

Pseudovardenafil

Gendenafil

Thiohomosildenafil

Chlorodenafil

Imidazosagatriazinone

Sennoside(A,B)

Fenfluramine

Phenolphthalein

Didesmethylsibutramine

Sibutramine

Desmethylsibutramine

N-nitrosofenfluramine

Ephedrine

Fluoxetine

Cascara 

sagrada

Glipizide

Gliclazide

Glibenclamide

Glimepiride

Orlistat
Thyronine(T3)

Thyroxine(T4)
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Test samples 8-22-1 9-12-24 9-12-25 9-12-27 9-12-28 police-1

Contents of 

illegal compounds 

(mg/kg)

Sildenafil 667.1 2211.6 529.0 749.6 738.5 -

Tadalafil - 437.9 - - - 26519.0

Estimated

daily intakes 

(mg/day)

Sildenafil 2.0 7.1 - 13.3 1.7 - 3.2 2.2 2.2 -

Tadalafil - 1.4 - 2.6 - - - no label

Ⅱ

결과 및 고찰

검출현황 및 LC/MS/MS 확인실험
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Illegal 

compounds 
Formula Mass mode

Precursor ion

(m/z)

Product ion(m/z)

Qualitative analysis Quantitative analysis

Sildenafil C22H30N6O4S 474.5 ESI + 475.3

70.20

99.20

100.21

254.22

283.30

299.27

311.33

100.21

283.30

Tadalafil C22H19N3O4 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

Relative ion intensity LC-MS/MS

>50 %

20 % - 50 %

10 % - 20 %

≤20 %

≤25 %

≤30 %



Types of 

test samples

Recovery Rates(%)(n=3)

Sildenafil 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 94.9 ± 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

Validation data
Sildenafil

a)
Tadalafil

b)

LC/PDA LC/MS/MS LC/PDA LC/MS/MS

R2c) 0.9999 0.9997 0.9998 0.9999

LOD(μg/mL)
d)

0.04 0.26 0.02 0.20

LOQ(μg/mL)
e)

0.11 0.79 0.05 0.61

σ(μg/mL)
f)

0.02 0.11 0.01 0.14

Quantitative rate(%)g) 107.6 92.0

성상별 회수율 분석 및 유효성 실험

μ

μ μ μ

μ
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Types of 

test samples

Recovery Rates(%)(n=3)

Method I Method II

T3 T4 T3 T4

Mean ± S.D  %RSD Mean ± S.D  %RSD Mean ± S.D  %RSD Mean ± S.D  %RSD

liquid(water) 105.8 ± 0.4 0.3 107.0 ± 0.4 0.3 46.1 ± 4.5 9.7 48.3 ± 1.4 3.0

pill 109.9 ± 0.3 0.3 104.9 ± 0.3 0.4 33.6 ± 2.9 8.6 39.2 ± 0.6 1.6

tablet 101.7 ± 0.1 0.1 103.0 ± 0.2 0.2 42.7 ± 4.0 9.4 40.6 ± 1.5 3.7

granule 96.2 ± 0.3 0.3 120.6 ± 0.4 0.3 46.9 ± 3.8 8.1 43.0 ± 0.3 0.7

powder 90.7 ± 0.1 0.1 113.8 ± 0.2 0.1 47.0 ± 3.8 8.1 45.7 ± 4.1 9.0

liquid(acetum) 95.0 ± 0.1 0.1 118.6 ± 0.1 0.1 49.7 ± 4.6 9.2 49.4 ± 0.7 1.4

liquid(sugar) 95.4 ± 0.4 0.4 105.7 ± 0.4 0.4 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 38.5 ± 7.4 19.1 39.7 ± 1.0 2.4

μ μ

μ

μ μ

μ μ

μ

μ

μ

μ

갑상선 호르몬제의 분석법 비교
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요  약
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