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ABSTRACT - The safety of fake anti-impotence drugs (fake Viagra : 26 samples, fake Cialis : 25 samples) dis-
tributed in Gyeonggi province was studied by monitoring the concentrations of anti-impotence pharmaceutical ingre-
dient and their analogues. The concentrations of anti-impotence pharmaceutical ingredient 4 specis and their
analogues 17 specis were estimated using by HPLC/PDA, LC-MS/MS. The range of concentration of sildenafil in
fake viagra was 40~199 mg/tablet, among them the portion of the concentrations of sildenafil over 150 mg/tablet
exceeded 65%. 3 cases in tested samples contained sildenafil and tadalafil. The range of concentration of sildenafil in
fake cialis was 102~249 mg/tablet, among them the portion of the concentrations of sildenafil over 150 mg/tablet
exceeded 88%. One case in tested samples contained demethylhongdenafil (90 mg/tablet). These results indicate that
there were many fake anti-impotence drug contained high level of anti-impotence pharmaceutical ingredients, a sus-
tainable monitoring and the blocked distribution of fake anti-impotence drugs recommended.

Key words : fake anti-impotence drugs, sildenafil, tadalafil, demethylhongdenafil
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Table 1. Analytical condition for 21 anti-impotence drug and
their analogues by LC-MS/MS

Parameter Condition
Column Thermo Hypersil gold C18 (2.0 x 150 mm, 3 p/)
Detector Quantum ultra MS/MS
. A : ACN
Mobile phase B : 10 mM ammonium formate)
Flow rate 0.2 m//min
Time (min) A (%) B (%)
0 95 5
. 2.0 95 5
Pump gradient 10.0 0 100
program
12.0 0 100
12.1 95 5
15.0 95 5
Injection
vi)lume 3w

EEE Y N

Sildenafil H=3}o] A1A| oF, tadalafil-S $F= 2 2] o]l A,
vardenafil 5 7| AXEAEE B I FAHEE 1952
A F O FEPH A oA ol ARBHATE Aol AR
Sl formic acid2} ammonium formatei= Sigma-AldrichA}2]
A #-&, methanolZ} acetonitrile®] 7% HPLC grade$!
Burdick & JacksonAle] A|&EE AFE3IHoH, =& £7
st Azgt 2ETE ARSI

Table 2. SRM parameters of 21 anti-impotence and their analogues by LC-MS/MS

Compound Parent ion  Product ion CE Compound Parention  Product ion CE

Acethylvardenafil 466 ; ;3(1) ;g Aminotadalafil 390 ;25(1) g{
Benzylsildenafil 550 39717'?1 32 Carbodenafil 452 ?4312; Azé
Chlorodenafil 388 ;25? ;: Cinnamyldenafil 554 }é;g ?;
Demethylhongdenafil 452 2997?61 ;; Demethyltadalafil 375 ;gig ?2
Dimethylthiosildenafil 504 oy - Homosildenafil 488 130 »
Hongdenafil 466 ;5? 4212 Hydroxyhomosildenafil 504 49897% ;‘1‘
Hydroxyhongdenafil 482 ?g; (1) ;g Norneovardenafil 356 gﬁé gg
Oxohongdenafil 480 48521. '13 4212 Pseudovardenafil 459 ;?é(l) gz
Sildenafil* 474 ;;;i gg Tadalafil* 389 fgg(l) ;;
Thiosildenafil 490 i?ﬁ:} §§ Udenafil* 516 §§§} iﬁ

Vardenafil* 488 ;?é(l) ;‘;

* Anti-impotence pharmaceutical ingredients
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3l
+ HPLC (Waters 2996 PDA, Waters, USA)

+ LC-MS/MS (TSQ Quantum Ultra, Thermo Scientific,
USA)

uuy

LC-MSMSE 7| H-AR 84 4% 2 fFAHEE 1759
FAINAES el FFE&NS FASt AR ST 2]
FAAEA AZAE B A oPolM FFEL sildenafil &
21%9] EFES methanol2 =93 Z} 100 mg//e] T2
e AS RFUY 02 FIYon, o] HFEUAS H3l
=7t 1 mg/7t = =5 methanolZ 343 &3 5%
o2 AMgssth Ade FFAFEoR AR
methanol 2 108 3]43to] ARE-sETh ERIAFL LC-
MS/MS2] SRM (Selected Reaction Monitoring) modeE ©]
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231921, HPLC E4Z79 AFS 29, ols4xA 5
S Table 19] YEIW 2, AU 2 2159 AEH,

A

o]
parent©] 2 EAE, producte] 2 A, FE|UA(CE,
collision energy) # & A4 X712 Table 20 ek

Aot
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S =l
oS

LC-MS/MSOIA &ld A7 RAXNEA & FAEZE A
ZFe 93] sildenafil £FF 17.9 mg, tadalafil TTF 8.6
s

3T

1
mg, demethylhongdenafil % 8.4 mge A Fdle] &%

T

LIRHXZHEE H RAE

Il

e

Table 3. Analysis condition of HPLC

Parameter Condition
Column Waters SunFire C18 (4.6 x 150 mm, 5 ul)
Detector PDA Detector 230 nm
Mobile phase ACN : 30'mM am'mon.ium formate
(pH 3.0 with formic acid) (30 : 70)
Flow rate 1.0 m/min
Injection volume 10 w/

0.30

Sildenafil citrate

0.20

0107 Tadalafil
2
0.00-]

010+

L e B s e e e e e L s e e e e e e
000 500 10.00 15.00 2000 25.00

Minutes

Fig. 1. Chromatogram of Ssildenafil and Tadalafil by HPLC.
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Fig. 2. TIC Chromatogram (LC-MS/MS SRM mode) of working
solution of Sildenafil, Tadalafil and, Demethylhongdenafil.
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Fig. 3. Chemical structures, chemical formula and molecular
weight of Sildenafil, Tadalafil and Demethylhongdenafil.
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ChromatogramS Fig. 201, 722 Fig. 39| Yelich

Aoz 8olE demethylhongdenafile sildenafil®]
methyl-piperazineS piperidine® 2 W A7 3}sh A
EAEA vFAA HERE FEEHAJAN. oAM= 17
71544 % 5ol EHASE ARSETE 2007 A dE
A7 Qo AFFA e FA7IEN s AEE oA
= ¢ He AR AAHo A

olf gt WY FHAX A FAEE A2 ko] Y5

HA FUL FAEE S8 P EHA 7] dEel] 2
o

WIRHXI=ENE
F7] 5 2] 54078 a
o] AzAE AEFFA 9 td] A=l A
. AFE Hlokzet 9 AdE|l s AlEEE 7F AlzAL
AR AR B AET o Ao, A&y
= 27 FHAEA S} FAEE 3652 HPLCE F4
A4, A#ste WHY LOMSE gRRlske Wo%s Al
stal Qlout i Ator= EAAIZRe] A EE&AC
2 37HE YU Jang 59 AFHES o] LA, o] A7
He] B S AES] flete] AFE ETHoR A
AL Tl 12F AR A (y = Sx + by = A4 (Linearity),
A HA71L71(S)E 8t ETAHAF (o) ©]&3t
of o}z o2 ZZE3HA(LOD, Limit of Detection), 3 &
SHA(LOQ, Limit of Quantitation) #f= 33 TH?.

LOD=3.3 x o/S

LOQ=10x o/S

Sildenafil, tadalafil, demethylhongdenafil®] 71&3H], &
FEA, A4, AEES 73 AF= Table 49 o
21482 19 7k 5 Ao® e, A 7S
= A EFFA] W RAXEAG R ARFHAA A A
FEA 5 mgkege WESE L2 e Sildenafil,
tadalafil ¥ demethylhongdenafil®] U == Z+7F 89.7 mg/
[, 433 mg/l 2 84.0 mg/l TN ] 5 H X} (relative
standard deviation, RSD%)# & 0.4~1.2%% $3Z31A 1}
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Efsith A4 02 V). Jang Tol TEI AHFHS fA}
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Table 4. Result of LOD, LOQ, Linearity and Precision studies

Value
Parameters
Sildenafil  Tadalafil Demethylhongdenafil
LOD (mg/]) 0.7 1.7 1.6
LOQ (mg/)) 2.2 5.0 4.9
Linearity (r*) 0.9999 0.9988 0.9989
Precision 04 1.0 12

(RSD%, n = 6)
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Table 5. Result of analysis in fake anti-impotence drugs

Sildenafil Tadalafil remark
Iterms Year Sample No. DetectedNo. Content (mg/tablet) DetectedNo. Content (mg/tablet)
Fake Viagra 2012 26 26 40~199 39 31~33
Fake Cialis 2012 25 24 102~249 - - 19

a: co-detected sildenafil and tadalafil
b: 3 samples co-detected sildenafil and tadalafil
c: 1 sample detected demethylhongdenafil (90 mg/tablet)

sAfelor st FF At

ol A Blotg} HEL sildenafil 50 mg/A, 100 mg/7d
27HA AlFL 2 A s AL Q. o] 5 v]of 12} (sildenafil
100 mg/d )3} vlokzake] Bkl 22 (sildenafil 50 mg/
g dEx2to® o Ak A3 A" 9 71ed
95~105%% A 33| =538t FAI7F §le 22 Yehdth

Table 5ol AN FAPLZI AR EA] 5170 BF9
AAF AE eI 201249 AR fARE] oLz} 2671
o] AAA3} sildenafil T2 40~199 mg/A o] W2
Eltom, o] 37 A|ZEoA tadalafil AHES E3HAME-SH
Ao 2 YEpstTt

Table 691 Ao} 229 sildenafil 3 X = e}
Wedl, 150 mgAe]l de AlE vl&e] 20129 HAMA
Foll 654%Z e

AN LA FF At

7| RAXNBAZ AMEEE ALEl2 AEFS tadalafil
5mg/d, 10mg/g, 20mgd 5 371 #AFo] Fuj= 9
om 2O E FAS AlYE] 2% (tadalafil 20 mg/A )<l
ArA L BAE 7]l 95~105% o E UERstT

Table 5] 20121 AR el HAPE Holl A= AR
& 257 Bl Alde] o] 44541 tadalafilS HEH
A ko, 24 A|FNA Hlofzete] FJES sildenafil
o] A& =AUt} Sildenafile] AEEA] 252 7] AlFolA
= W FHAASA FAHEZESQ] demethylhongdenafilo] 90

Table 6. Result of analysis in fake Viagra

Content of sildenafil (mg/tablet) 2012 year (%)
> 150 17 (65.4)
100-149 5(19.2)
<99 4 (15.4)
Total 26 (100)

Table 7. Result of analysis in fake Cialis

Content of sildenafil (mg/tablet) 2012 year (%)

> 150 22 (88.0)
100-149 2 (8.0)
<99 -

Total 24 (96.0)

mgd AEEHALH, o] A= FAEEH AA HEE
o] 2= Ag HolFErh 20129 AR EE] 29
sildenafil $&2 102~249 mg/ g 2=, FApH o}t
sildenafil $+2F A1 40~199 mg/4 BT}t =4 Vel

Table 790 FAMA L] 2=9] sildenafil 33 X5 e}
WE, 150 mgrgol e Hlgo] 20129 HAF AFel|A
88.0%= =A YERSTE

WRHkEN SYYE &

7| FAAEA AR F] E3die] AEd A34s
Table 8] YEFH O™, FARH|olz2} 37A9A sildenafilZ
tadalafil®] A9 AEFHAC} o]E AHEA sildenafil g
o] 4250 mg/Ad e WHYE UEltoe™, tadalafil 3
31~34 mg/d o2 YETE sildenafil?} tadalafilS 5A]l
S AR vlotkzet A% 587 (sildenafil 50 mg/
A AL s A7 58 H(tadalafil 10 mg/H S 1H T
W AAREGF] oF 4ur} H= 1E&F AFOEA QO -
T8 Al GdGE HAE B o Sl el =5

W |RHAIZH SAHE T
vlolagtet AU sE muE
A A A AESD vwste] ¥
Yoot E20Y Fol02 FAES FAF £ Yk
[e)

o] 7% FellA HvjEl= FAAEFS
AEU LB E SolA] Bletzgt 100 mg/Ad
FrEEL vk &RAER Hlokz2t 100 mg/
AFL] 78] el B HS ZEa 3l
3 r

=) 2 RN
vlotzt 100 g W £ AlFS

Table 8. Result of analysis in fake anti-impotence drug

Content of sildenafil Content of tadalafil

(mg/tablet) (mg/tablet)
Fake Viagra 42 31
(2012 year) 47 34
50 33




ot ZAHE AFE Tl 2FEA
2 44 I HE F 9 _O_LP g
Hah) olel e AF 4

& g A FFol }ﬂ Aew

H]3L A ‘310}13} 100mg/ 7@% f

O
all]

> K
1o, o}‘i
2, >ﬂ

o 2
s i:

i 3
; g
o m}q
S

’ Hkl]l n&”:
ri

1° oF

N ok
& X
£ 50
X, o
S

o 1

N
FoN
o 1
o =
Ay
_B;
% o
fru
E
QL
rr
2
u{n
4
ozi
i
o 2
kd
M
ot
Yy
2

Nl o & >

A FL FARROITE AN AlF 5 AgE
g2 20002 ¥AE U 2 BAEF T2 AF
EASHA AL AA| Ape] =7 AEETE AN FARESR
Zelo] golstd oy, FEA ALl 20mgd 3 B
o] M]=stal HE xEAste] o] ofH 2 AlFe] TAS
o T2 )
F A3 aﬂrﬂo *éﬂ%%%ﬁ, AEUNE FollA] <A}
o] A glo] P F A= A

YERTH

[>
2
RO
2 >

o

ru°*'

BA7N=W e EA e BYIRAAEA FARE 514

o tete]l WRANEALE 45 L FARD 175L
2A}eke] QAL B7heklt. o1& 98] HPLC, LC-MS/
MSE olgste] 44 2 FYABL AAskch fAb

ofz2} AAFA, sildenafil $EFe] 40~199 mg/y W=
HEH NS, sildenafil o] 150mg/d B= A|Fo|
65% ©]7 ©]At}. Sildenafil# tadalafile] sAlo AEE
735w 37 oldnt. AR L] 2e] 79 FAES tadalafil
o B HEHA FUL wlofEte] FAJE sildenafil
o] 102~249 mg/4 HLE HAEHJ ™, sildenafil $HFo]
150 mg/g& He AFol 88%°ld oldtt. olF 17} A
FoA W7 FAXEAYE FAREE demethylhongdenafil

°] 90 mg/g HEE3UT.

2 AFEH, A2 fEEL e IR R]EA
FAHAIES A B89 3yt g Fadwe Fet
I AE A99 sildenafil ¥ tadalafil 5 FAHEo] B3
AZE 5AS BHAth &gk, AlFol FAE A AA
o] e AREEYA, Aol dFEHA ¥ fAE
AE A A5 ol ERl=d ol g A A= 7
7|%= B oofe} A=A o R H|S2gh S e o=
AIREY R4 B E 98] #A 713 AEAA ©
43 A2 FAgE feAide] 8 FEH T

BEW FEED i WRANEA FAAE s1
(Aol ek 2655, FAPIRE 2 25F 2] thafe]

Monitoring of Fake Anti-impotence Drugs 97

71FAANEAGE D 2 FAEES AN S
Hrretant W RAAEALE 453 2 FAEE 175
o] thale] HPLC/PDA, LC-MS/MSZ ©] &3t Ak 2
A RS AT A okzeke] 739l sildenafil
g0l 40~199 mg/ el WIS YER e, d=Fo] 150 mg/
A A= AFo] 65% ©|’d o]t} Tadalafil?} sildenafil

Alell Mg 9= 370 AlFA UERIRTE fAR G

=
[
aisq oTOﬂ% QEel tadalaﬁlo] BT AEHA 4%k
o

74554 t}. o] &= sﬂdenaﬁl ?}%kol 150 mg/;‘é g= Zﬂw
o] 88% o’ oI, 7] AFolA W FH X 2A|
A=A demethylhongdenaﬁlol 90 mg/d HAEEHAUT °]
A3k W RAAEA AR ES A B8R 3u7t
de 3L 3 AlEol Hﬂo]oiotq A EH Q0 A9k F
FApo] aETiaL Erf

FAo] . I RAXNFA FAHE, sildenafil, tadalafil,
demethylhongdenafil.
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