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Uszans Tanmw uazgnIl M955U57
SINUFINQUEINGN NININEMFNTNITUNNE AUUGIIUUT WUNYF 11000

unanda msnTangaitenanuoiengy PDE-5 inhibitors Tuzaenanenadisneds TLC waz HPLC lagnwain
gulae 35 TLC 19 silica gel 60 F254 [uSgmaik uasigmandeuiiszuuii 1 Mehunanszuig ethyl acetate,
acetonitrile 4a ammonia solution 5xuUT 2 FdunaNszWN ethyl acetate, ethanol 4@y ammonia solution
as3ace UVess, msaunuatnaduuazihen ethanolic-sulfuric acid futhen acidified iodoplatinate aua@
WU sildenafil, tadalafil, vardenafil, aminotadalafil uaz methisosildenafil §f Rf iuix‘uuf’i 1 AU 0.49,
0.71, 0.50, 0.57 uaz 0.56 MU luraeiiszuud 2 S R WhiU 0.31, 0.78, 0.45, 0.72 WA 0.43 MNTIAU Lilauy
Grehen ethanolic-sulfuric acid tadalafil uaz aminotadalafil 2:Umngiuding uasilowuiudhethen acidified
10d0p1at1nate ui sildenafil, tadalafil, vardenafil waz aminotadalafil avtﬂﬂﬂgnsmﬂswng]t,ﬂuammamaamq
wuﬂummmmuﬂmms AAMNOVNMINTIAWUV N sildenafil, tadalafil uaz vardenafil mmﬁu e 100, 1,000
wae 250 lulasnsuaaiiaaans muaeu 35 HPLC ldraawuiziin C1s Lﬂmgmﬂm FIUNFNIZIN 0.01 M ammonium
acetate Waz methanol Lﬂu"‘;’gmﬂmﬁ'auﬁ a51230678 PDA detector finEMaay 210-350 10l WU peak 289
sildenafil, tadalafil, vardenafil, aminotadalafil s methisosildenafil wanaanniiaeNaNYIalsns e resolution
nnh 1.8 wazlinumssumuannasdisznavaulumiu Jeniareimsasanuue sildenafil, tadalafil, vardenafil,
aminotadalafil 4a¢ methisosildenafil figifu 3.8, 1.0, 2.5, 0.8 waz 2.3 WIAIASNADNAFANT MNAIGU
Tuilsudszanm w.@. 2558 Vl,ﬁ'ﬁﬁ%"?;ﬁ@um%gumsl,ﬁlumimsmﬁzjaﬁmné’ﬂmﬁmmiu PDE-5 inhibitors luzainan
Enﬂﬁnzjm“iu,ﬁqaiiwqmm'sLﬁuamsnmwmuwmﬁwmu 230 NBLN ATIANU sildenafil 213 MvBEN #5IANWU sildenafil,
vardenafil, aminotadalafil wau tadalafil MUY 11 MBEN WaLeTIANU sildenafil NaN vardenafil HUIU 1 MBEN
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UNU

#nlungu Phosphodiesterase-5 inhibitors (PDE-5 inhibitors) tiugnsudszmunguusn
ﬁgﬂﬁmﬂﬁ“lumi%'ﬂmiswﬂauamsamwmqLWﬂiumemﬂ {lwﬁuﬁumtﬁﬂulﬂumiuﬂssmﬂlm 3
il o sildenafil gnuuuuiFamsan Viagra® tadalafil snduuuuiizonsé Cialis® uaz vardenafil
endunuuiitemsd Levitra® lagendsnanoongviasamaluil w.e. 2541, 2545 uaz 2548 MUMGU 0
Wwinnadl N-heterocyclic fuduisenaululassanazilasianarsiu purine base Tulasiadswa
cyclic guanosine monophosphate (¢cGMP)® (mwii 1) v‘h’lﬁ'mmjuﬁlﬁ’uﬁv’mauvlﬁﬁ PDE-5 luaunis
(@enfiu cGMP wuuweieiy (reversible competitive antagonist) #amsiiuiia PDE-5 azvnlwlaifimsvhans
cGMP 1hlugmasmnsuasvaanidoauauazidoalwadluly corpora carvernosum aniu iamauded

YNNATIOANINN

Vardenafil

Tadalafil Aminotadalafil

mui 1 1a59831928981ng8 PDE-5 inhibitors®™

MusEMANTENTNES TG (309 enmuaNitas atiui 35 99 1 Saenlundgu PDE-5 inhibitors
dlumnemuauiias® dadlEmeldmsguarasunnduiadahalasunnduhiuiasnnidumitliannse
gomaldml udduiidasmasasgfitdammavdauanssamuwmanadafiudasnslifinawdo i dnaau
neenitligndasmnunguang  Nndayaifmduanumsaimasyiideenandadiineuasiaguawdad
kAN asawueniilFEninlsavdaudusIn WM LazenL@ENANMNN U maaanusu S ih uas
e inianniige Tagiuamumasiindassassennguillaintlsavgouaussammwmamagasdiuualiy
i Ussnaufudsliiitinespudmsumsanaigaiiandnuaingudnam msanaigaiandnualnly
ngu PDE-5 inhibitors fithuanl@ismmzdmiudendeniesiolosionisrhiwnliidaenumhas
wansznudamsaiiiuad duily madnmisaniuiawannisenaiguiiondnuainngu PDE-5 inhibitors
THanansonsaunquinm ldumeniindeazheanszasnalumsanaigniiandnvalmadlungudangn
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Identification of PDE-5 inhibitors In Seized Materials Prasit Opas and Supanee Duangteraprecha

dmsuisilawannduidaulasnnnisuas Hakan Goker wazanis® uazisuas Khaled Al ~Tahami®
Wunan u,azvmaau@mugnﬁawaﬁ%ﬁﬁmmﬁuﬁmuLLu'mN ICH-Q2 (R1)® Lﬁﬂ%’tﬂuﬁﬁmmgmwm
diinenuaziaguEawdalumsanafigniiendnualnadlunguy PDE-5 inhibitors #vaziiluusslamidmsy
mathssisdamuamumaninaansuiuiayssiusyusamsiensiilddunenundngilumsdiiiuad

ww3asiiauazgunsel
1. High Performance Liquid Chromatograph (HPLC) with UV/PDA Detector: Model
Waters 2695-1996- Empower Wannasiuae Waters, Millipore Corporation, USA

2. Analytical Balance: Model AT 261 Deltarange, Mettler Toledo, Switzerland
Model MX5, Mettler Toledo, Switzerland
Model MS3002S, Mettler Toledo, Switzerland

3. Column: Hypersil Gold C18, 5 mm, 4.6 X 150 mm, Lot No. 12963

4. Capillaries Y3u193 10 pl

5. TLC Silica gel 60 F254, 20 X 20 cm plates, USA

6. TLC Automatic plate spotter, Japan

7. Densitometer, TLC Scanner, Switzerland

8. LAIDALN7 class A

#13NINIFIU
1. Aminotadalafil, lot no. 1188-024A1, purity 99.9%, TLC Pharmachem., Inc.
2. Methisosildenafil, lot no. 1-YKZ-5-1, purity 98%, Toronto Research Chemimicals Inc.
3. Sildenafil Citrate, lot no. F0OK412, purity 98.8%, USP
4. Tadalafil, lot no. FoL003, purity 99.9%, USP
5. Vardenafil HC1.3H,O, lot no. R-1013-03A, purity 99.7%, Bayer Co., Ltd

GREIToHY
1. Ammonium Acetate: AR grade
2. Methanol: HPLC grade
3. Ethyl acetate: AR grade
4. Ammonia Solution: AR grade
5. Acetonitrile: AR grade
6. Ethanol: AR grade
7. Potassium Iodide: AR grade
8. Sulfuric acid 96% : AR grade
9. Hydrochloric acid 37% : AR grade
10. Water: High Purity
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Mg

envaan (placebo) fidmisznavvasenilaificrndaylasunnudemguansuauilagiy

NMINAFaudnNIIzuad Thin-Layer Chromatography (TLC)
Iﬂﬂﬁ'\ﬂu(ﬂﬂﬂ'\')%ﬂﬂ\ﬁzUU TLC (?Ell\iﬂ

Snmeeaaui
SEUudi 1 - Ethyl acetate: Acetonitrile; Ammonia Solution (90:10:5)
SEUUT 2 - Ethyl acetate: Ethanol: Ammonia Solution (100:10:2)
i’gmﬂﬁq - TLC Siliga gel 60 F__ 20x 20 cm plates
Usmasiinea - Volume 10 ul
Lﬂ%}aqmsaﬁm - Densitometer, TLC Scanner 254 nm
- TLC Automatic plate spotter
ﬁ’wmw'u - Ethanolic-sulfuric acid solution

- Acidified iodoplatinate solution”

NMILHTINFITIEAIHNINTFIU

190019810331 sildenafil citrate: %ﬁmsmmgm sildenafil citrate 5 #aan3n avlu
volumetric flask #2116 5 §98803 ava8a I8 methanol AuATUUITNING

138818310337 tadalafil: %’amammgm tadalafil 5 #8an3n a3lu volumetric flask
UG 5 WadaNT 8xa18aI8 methanol AIUATUUTININS

1902019410331 vardenafil HCI: %qawsumigm vardenafil HC1.3H,O 6 Nadnsu
avlu volumetric flask 2110 5 88805 azanaaIz methanol AauasUUINNINS

1982819710937 aminotadalafil: %’qmsmmgm aminotadalafil 2 #adnsu avlu
volumetric flask U0 5 §88805 axa18618 methanol IUATUUITNING

8138281831033 methisosildenafil: %"qmsmmgm methisosildenafil 1 #adan3u avluy
volumetric flask 20 5 §83805 axa186178 methanol IUATUUITNIN

NSO INEITAZAIIMIAEN

Faghatheenmaan Uszanas 50 B 100 aanin asly volumetric flask 2110 5 183305 1Hin methanol
Uszana 3 fiadans hlwehdaiaiasweuszana 10 1l 39919678 methanol auasuU3aNes nsasshy
WHUNTBINN 0.45 LlATINAS

NMILEIBNUIINY
Iodoplatinate solution

%4 platinic chloride 4.5 NS4 WAL potassium iodide 90 n3¥ azaneluinUsIAS 1,800 HaddNS

Acidified iodoplatinate solution

1@un30 hydrochloric USanas 5 iadansluasazane Iodoplatinate solution Usaas 100 Hadans
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Identification of PDE-5 inhibitors In Seized Materials Prasit Opas and Supanee Duangteraprecha

Ethanolic-sulfuric acid solution

WNNI® sulfuric USaes 10 Nadans i ethanol Usaas 90 Nadans

MINANEH

ihasazaeInasuuaassie ssazasmaeliinneiaieds TLC amaialagdes UV il 254
wluwas wasihly scan spectrum dsusdaamhlaaluganuenaiy 200 51 400 NTuues ud
WL ethanolic-sulfuric acid solution LLa:ﬁﬂﬂauﬁqmwgﬁ 105 pafnaLged Wuna 1 w0 an

HuUNUUAIEINeN acidified iodoplatinate solution

nauutazulana

WAsaNNA Retardation Factor (Rf) Fanang e sanTIuYaITEEENNTTSIAaauTida Tz
ﬁ"’s’gmmﬂé"auﬁ LAaaufi Spectrum u,a::m'sﬁwﬂﬁﬁ%ﬂﬂﬁl,ﬁmﬁﬁ’uﬁwmvm (Spraying agent) 289813
NNITPIULALTIUA

v aay [ 4 oy
MINAFaUANNYNGaIYaNIEATIENaNYel leedd TLC
1. MINAFIUAINNILINISLIAIZAUBNID (Selectivity/Specificity)

msm’%ﬂumiazmﬂmmgm

LO3HNVNDUNUAUMILATENTITALAENINITTIUAINGINLAITNAU

MILEIBNFIIAZAIIMIBEN

Fidhathaemann Uszanas 50 89 100 daansn aly volumetric flask 2110 5 Haaans iy
methanol Uszanes 3 fiadans 1hluweheaeisaehiszana 10 107 139919878 methanol auasuUsaNas
ASDIHIULHUNTBIVING 0.45 LulASINAS

AN

asazgnasuLdasila @seraeaiadn lineiaeis TLC

msauuazulans
NNsanNA Retardation Factor (Rf) F9rang i 9051814209528 NNESIAa o UNA 52NN
NMINMALAADUN 1AFBUN Spectrum wazMIMURAFENMAaFNUUIEIWY (Spraying agent) 289813

NNTFIUUA YU

2. MINATAUAAINNAVBININTIANY (Limit of detection, LOD)
NILHIINEIINZAIINIAIFIU

NFITALNININTFIUNINMTNATOUANNIUWIZIILAYDIIDHT19628 methanol aulaanu
LﬁuﬁuwmmsmmgmLwiawﬁmﬁwﬁqﬂﬁé’fqmmsamnwuLLaﬂﬂ" spectrum 7170RY (RANTANNNSNUNE
289 spectrum NFUEBURzENEsUTudUNEn)
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NINAFaudnNIzuad High Performance Liquid Chromatography (HPLC)

MuuaaNzraeszuulasininnsIn aail

AoaNY - Hypersil Gold C18, 5 mm, 4.6 X 150 mm

=Y Ql J o
BURYUABINY - 30C
2AIMS5 Lia - 1.0 ml/min
"'J'{]ﬂ’lﬂl,ﬂaauﬂ - Methanol: 0.01 M Ammonium acetate 65:35 (v/v)
LASBINTING - Photodiode array detector (PDA) 210 - 350 nm
U5 - a0l

Diluent t@3gNNMNMUBD USNI0T 250 NadansHaNnuiUSNIng 250 Hadans

NIAIBNAIISAIINIAIFIY
LW3aNETaza8NINIFIY sildenafil citrate, tadalafil waz vardenafil HCI Tvifianudnguiszanm

20 lulasnsueaiiaaans laald diluent WuduSulsunes

MILEIBNFITAZAIIMIBEN

Faghathe Uszanms 50 89 100 Haan3u asly volumetric flask 2110 25 783805 1An diluent
Uszane 15 fadans ihluwehaaiaiaswilszana 15 1l Gaa19eis diluent auasulsanes nsahuy
wriunsawa 0.45 lalaswas analSuenudaturasasazmaiiaiaiie il peak area lnatdes

peak area 2aN 1IN UNINIFIU

MIIATIZH

AsazINAIgIY Nsaznaang way diluent lUAadenzvianeis HPLC

NMIRRFBUANINGNGaNTaTIEAIAenanYal Inei5 HPLC
1. MINAFUANINNINILIAIZNYBNID (Selectivity/Specificity)
MstmIaNaIsazals standard stock solution

d1502a19810391% sildenafil citrate: %"qmsmmgm sildenafil citrate 5 Aadn3n avlu
volumetric flask 2110 10 §88805 LGN diluent Uszana 7 193805 wENAUSBNNG 11DNMY diluent
AUATUUTNINT

8138818310337 tadalafil: °§\1mimm§m tadalafil 5 #8an3n a3ly volumetric flask
2100 10 J95505 1N diluent Uszanas 7 §a85a05 101U sonicate Juna 15 Wi wehauazmanue
(1091908 diluent AWATUUTNIAT

#1585918310557% vardenafil HCI: Fansanasgu vardenafil HCL.3H,0 6 {aanin avlu
volumetric flask 2110 10 §88805 1Ax diluent Uszanm 7 H8da05 wEAUszEVNG 1{93Na28 diluent

AUASVUSIINS
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Identification of PDE-5 inhibitors In Seized Materials Prasit Opas and Supanee Duangteraprecha

81992878310397% aminotadalafil: %anﬁmmgm aminotadalafil 2 #a3n5u a4lu volumetric
flask 2119 10 183805 i diluent Uszanese 7 188895 11U sonicate Wunan 15 1H wehauazmanug
(W@ diluent auAsUUIINAS

8138018316033 methisosildenafil: %msmmgwu methisosildenafil 1 #iaansn avlu
volumetric flask 2116 10 §888035 LGN diluent Useaneas 7 §8dans wehauazaenue (193628 diluent

AUATUUSHIOS

MIAITNTITASAININTFIU
Uuleasazara Standard stock solution #Haas 1.0 §adans adlu volumetric flask 2119
95 985905 (39ANAE diluent IUASVUSHNINT NIBENULKUNTDIVUNN 0.45 IN1ASINAT

MO INFITAAIIMIAEN

#ilodl 1 Hedhagewann Uszana 50 89 100 aan3u aely volumetric flask 2110 25 adans
@i diluent Uszanas 15 Haaans hluwehdaeiasweuszna 15 i Baandae
diluent 3UATUUINNAT NTBIHNIULEUNTBIZING 0.45 LUTATINAS

¥iaf 2 Faghateevann Uszana 50 89 100 Haan3u asly volumetric flask 210 25 Haaans
W (Ude) gr9azane standard stock solution #Uaas 1.0 ¥adans Lo diluent Uszano
15 fiaaans ihluwehaaiaiassszana 15 i @oanaie diluent auasuUsaNas
AT ULNUNTDIVING 0.45 LulATINAS

MIAER

NETeTMLNATFIU dsazaemegriian 1 28eh 2 uay diluent lUAaIns1eviaeis HPLC

LNAIINITANTUK

1. Peak 28N sildenafil, tadalafil, vardenafil, aminotadalafil w8z methisosildenafil
lussazansanaspuuanaannniuatanysaluazudas Peak lignsunulagyusziiivan
@ peak purity

2. Retention time 284 peak 1o 9 Mnasazas@matNeIvaan himaﬁ'umsmmgm sildenafil,
tadalafil, vardenafil, aminotadalafil w8z methisosildenafil °lumaa::mammgm

3. Retention time 284 peak °z|mmsmmgmﬁLauaﬂumwaaﬂ ANNUATNNNIF U sildenafil,
tadalafil, vardenafil, aminotadalafil (8¢ methisosildenafil Tumia:ammmgmuas
Vlaigmumumnaaﬁﬂssnauﬁ'uslwh%'u Togusziliuannal peak purity

4. Spectrum a4 peak °11mm‘smmgmﬁLauaﬂumwaamﬁ'ﬁﬂﬁﬁu spectrum 2a9EININIFIU

slumiazmﬂmmgm
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2. MINAFAVAANNATBINIINIIANY (Limit of detection, LOD)
NMILHIINEITASAIININIFIU

NAIHTAHNINTZIUNMNINAFDUANNTUNIZIANZAYBNEHNEDINE diluent ulaanainai
ﬂaq’mimmgmLLdazﬁﬁﬂﬁwﬁqmﬁﬁ’mmmiﬁ' peak fizaraulagadasain signal to noise lagnn
3:1 wazdaaelii spectrum fiFaLam
MIeIaNEIIazAIBAIDEN

ihasaraeanasgIuLazasarmaiegeiiod 2 indenesiy diluent auldanududuves
msmmgmtwiaxﬁﬁﬂﬁwﬁqﬂﬁﬁammiﬂﬁ' peak figaraulaamansain signal to noise laisndh 3:1 uas

W spectrum Faau a3nsaEniuA spectrum 2avasInasyuluamsazazinasgulaagngneas

MINANEH
asazenesgIL Msazmaaein laAedenziaeis HPLC

LNUTNITOATUEE
vy v & A ' A A a v o v '
ANNLNTUMNgarasasInasIuLaazTiandnatlueasanli peak Ndataulasaaniaiu
signal to noise AN 3:1 wazly spectrum ZFauiianadauaNuEINUIBIETNNATTIUNLANDI LY

BNMABNNU spectrum 2a9asNaIulussazamzanasguansannule

3. MINAFAUANINNUYDIID (Robustness)
NEIBZNPNNITIUNLATINNNMINATOUANNNWZINZAYBNIEINATNATIN loaldauntas
anMean 9 2e9szuulasininasu e d@nmnmm e asa 9 i Msuanzaeds (resolution), retention

time a2 tailing factor

MR
hasazananasmIu ludedwnzinnads HPLC leawdauuwtasannzen 9 uasszuulasininnnn
Al paNdNINYRAnENAY gaugiizateaan aaMsiua wazdaNduedIgmanaaui

NUNNITANTUS

ANHAMINTAADSAN ) WU MUen2aIaNs (resolution), retention time wag tailing factor

msmmﬁgaﬁtané’ﬂmﬁmmju PDE-5 inhibitors Tuzasnanead Teulssanm 2558
PaanaNenARRfuMsNaNssammImaalduNn denficha naamfums 3 was 4 nsndausy

AANLAY LAZNANTNAUMINTIAUNUUNNENENGE® 1 NAUYMNMINTIRUNUUNINENEWA TIUIU 230 AL

Tosuvafugiuuuiio 182 dathe uatya 30 et wariiefuisemu 16 do wazsUuuudu g oy

2 M
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We

1. 75 Thin-Layer Chromatography (TLC)
1.1 NMINAFAUANNIIUNILIAIZAIYBIID (Selectivity/Specificity)

meldanne TLC wenniy wuduileldigmeanaauil ethyl acetate: acetonitrile:
ammonia solution (90:10:5) asINalaadasme UV 254 m‘[umm%ﬂsmmmﬁm (dark spots) 24
sildenafil, tadalafil, vardenafil, aminotadalafil w8z methisosildenafil 17;5613'1’6"3‘1&?]?)\‘15383‘7!1\1
ﬁaﬁmﬁlauﬁ@iassmmqﬁ%gmmﬂé’auﬁ (Rf) i1AU 0.49, 0.71, 0.50, 0.57 W% 0.56 AINAIAU
(m‘wﬁ 2) (A) LAY 1 Lﬁﬂlﬁi’gﬂwﬂtﬂ’éauﬁ ethyl acetate: ethanol: ammonia solution (100:10: 2)
a510 laedasnia UV 254 m‘[ummazﬂiwﬂmﬂﬁﬂ (dark spots) 209 sildenafil, tadalafil, vardenafil,
aminotadalafil 18z methisosildenafil ﬁé’mwdauwmszmmqﬁmimﬁ'auﬁ@iaixﬂzmqﬁi’gmmﬂé}auﬁ
Lﬂﬁ'auﬁ (Rf) /AU 0.31, 0.78, 0.45, 0.72 WAL 0.43 MNAIAU (mw‘?; 3) (A) WAL 1 Lfiaﬁﬂﬂ scan
spectrum sheuasdans blaaaludeanuemaay 200 84 400 WluuasasUsINgaNBALIEY spectrum
YAIFNTUA LY UR (mwﬁ' 4) waanntuiioih lunudehen ethanolic-sulfuric acid solution ud2oUi
105 svmades Wunan 1 il wuhaws tadalafil uas aminotadalafil whijuiivhugasensuthen
gananUNNYFNN (MW 2) (B) uax (il 3) (B) waz (Wi 1) ilawusiudnenien acidified iodoplatinate
solution WU sildenafil, tadalafil, vardenafil uaz aminotadalafil ﬁ1ﬂ§ﬁ%mﬁ'uﬁwmé’qnénﬂsmg
ﬁﬁwmaw%aﬁmqﬁuagﬁ’ummLﬁuﬁuwmms (MW 2) (C) uaz (MuA 3) (C) waz (5199 1)

M1 1 WNANMINAFaUANNIUWIZLANZAUBNTD (Selectivity/Specificity)

Standard

Validation parameter Sildenafil Tadalafil Vardenafil =~ Aminotadalafil Methisosildenafil

1% gk 1 2 1 2 1 2 1 2
Rf 0.49 0.31 0.71 0.78 0.50 0.45  0.57 0.72 0.56 0.43
Specificity (UV 254 nm)
1* - - Eo K I oK) - - oK EteN| - -
Color
2™ e WM s 1N b o NI Vo NIRRT T o 1) EteN| - -

* TLC System 1, ethyl acetate: acetonitrile: ammonia solution (90:10:5)
** TLC System 2, ethyl acetate: ethanol: ammonia solution (100:10:2)
# Spraying agent, ethanolic-sulfuric acid solution

## Spraying agent, acidified iodoplatinate solution
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a. a e 4 = Ai( ﬂ
FBasnfigniienanyaiengu PDE-5 inhibitors Tuzaananead Uszans Tamw wazamal a29851U5m

Mixed std
Placebo
Placebo +std
Mixed std
Placebo
Placebo +std
Mixed std
Placebo +std

Sd
Td
vd
Am
Met
Sd
Td
vd
Am
Met
Sd
Td
vd
Am
Met

<3
3
=
=

solvent front

starting

(A) UV 254 nm (B) ethanolic-sulfuric acid  (C) acidified iodoplatinate

Al 2 ‘[ﬂsm‘[mmimmmiﬁﬁ';]mmﬂﬁ'auﬁ ethyl acetate: acetonitrile: ammonia solution (90 : 10 : 5)
(Sd = sildenafil, Td = tadalafil, Vd = vardenafil, Am = aminotadalafil, Met = methisosildenafil)

Mixed std
Placebo
Placebo +std
Mixed std
Placebo
Placebo +std
Sd

Td

vd

Am

Met

Mixed std
Placebo
Placebo +std

Sd
Td
vd
Am
Met
Sd
Td
vd
Am
Met

solvent front

(A) UV 254 nm (B) ethanolic-sulfuric acid (C) acidified iodoplatinate

M 3 Tﬂsuﬂmt,nsmaqmsﬁlﬁ’gmﬂmﬁauﬁ ethyl acetate: ethanol: ammonia solution (100:10:2)
(Sd = sildenafil, Td = tadalafil, Vd = vardenafil, Am = aminotadalafil, Met = methisosildenafil)
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(E) Methisosildenafil A, _304 nm
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1.2 MINAFIVINNNOVRINIINTIANY (Limit of detection, LOD)
MaNNENTUMEgn (LOD) §m3u sildenafil, tadalafil uaz vardenafil isnansaasianula

wazly spectrum F@Lau (AU 100, 1,000 WaE 250 pg/ml MO

2. 25 High Performance Liquid Chromatography (HPLC)
2.1 MINAFIUANNINNIZIILAVNID (Selectivity/Specificity)

melaanizeas HPLC ﬁﬁwmﬁuwuh peak 224 sildenafil, tadalafil, vardenafil,
aminotadalafil waz methisosildenafil waN@aNIINAUBENENYIAIAIBEA) resolution MINAT 1.8 laiwy
MITUNMUNN diluent (mw*?; 5) retention time 284 peak waqmsmmgmﬁg\i 5 whefidnasluevann
@NU sildenafil, tadalafil, vardenafil, aminotadalafil %38 methisosildenafil 1ua13axammmgm
(mwﬁ' 6) LLa::hJ'gﬂsuﬂ'sumﬂmﬁﬂigﬂau?{ﬂuﬁ’l%’u ToagUseiiiuan@ peak purity wenNHTINUT
spectrum 'zlaqmimmigmﬁtauaﬂumwaaﬂL“Zl'wﬁ'uﬁ'u spectrum a9asIIAsHIUIUEITITIBNIATFIU

(MWH 7) wag (5NN 2)
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i 5 Tasainlnunsuaasssinasgudisunu diluent
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050
040+

0.30

Vardenafil - 5.800

AU

0204

Tadalafil - 3.472
Sildenafil - 4.821

Methisosildenafil - 4.445

>—Amindladalaﬁl -3.017

0.001 A L & A FARAY Fa

0.50
0.40+

0.30

Vardenafil - 5.800

AU

020+

Tadalafil - 3.472
Methisasildenafil - 4.445
Sildenafil - 4.821

>—Aminotadalaﬁl -3.017

i 6 Tasnlnunsupasansasanadiagaenraanuazansinasguluansasanadiagenraaniiisuiy
asnespuluasazaanasgiv

A : Tasinlnunsurasasazaradmadnenvaaniiisunuasinaspulussazaiaanasgiu

B : Tasunlnunsuwasasinaspiulussazmaaiadnenvaantiisunuasnasyiuluasazans
NN
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(B-1 = dUnasuway sildenafil, B-2

= gulnesuwey tadalafil, B-3 = dnasuuae vardenafil,
B-4 = diln@Suwed aminotadalafil, B-5 = din@3uuad methisosildenafil)

MTNN 2 WANMINAFAUANNIINIZLANLANVDD (Selectivity/Specificity)

Peak purity Match plot

Standard RT RES TF Purity Purity Purity PDA PDA PDA
in placebo (min) Angle Threshold Flag match match match

Angle Threshold Flag
Sildenafil 4.831 1.8 1.2 0.099 0.270 No 0.046 1.045 No
Tadalafil 3.479 3.2 1.2 0.082 0.275 No 0.034 1.017 No
Vardenafil 5.808 4.1 1.2 0.064 0.262 No 0.036 1.028 No
Aminotadalafil 3.023 - 1.3 0.177 0.278 No 0.043 1.039 No
Methisosildenafil 4.495 5.5 1.2 0.339 0.499 No 0.221 1.288 No

RT = retention time, RES = resolution, TF = tailing factor
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2.2 MINAFIVININAYINIIMIIANY (Limit of detection, LOD)

MANY Lﬂ'ﬂifm‘;’wqm (LOD) 2a9ansana 33U sildenafil, tadalafil, vardenafil, aminotadalafil wa

methisosildenafil ludsazmaalngenwaanili peak Faaulosmdns1au signal to noise lHmMAN

3:1 uazl¥ spectrum FaruaINIENNUAY spectrum 2avasaIUlumIazarsinasulaaggneas

WNAU 3.8, 1.0, 2.5, 0.8 WA 2.3 ug/ml MNSIOU

2.3 NMINAFaUANNNUYBIID (Robustness)

NNMsnagauaNNNLEaNs leadausaaninngndndeny aaumgiizesnaan snmsiva

uazaaNauaInMeedsud Uszidunalosiarsannsuenaasas (resolution) retention time W@z

tailing factor l@Namsnaday (MWH 8) way (MM 3)

050
040+

030]

AU

D20+

0.107

Aminotadalafil - 3.017
Tadalafil - 3.472

Methisosildenafil - 4.445

———-Sildenafil - 4.821

Vardenafil - 5.800

oL

0.00

0.00

d‘ . . d’ o =
MND 8 TasININUATNUFAINSUENLAE retention time 29815 luaNIzYaIszUUlATI INAINNAILTUMS

NAFDUANNYNABIYBNID

M5 3 WANISNAFTAUANNNUYBIID

Chromatographic NAMINAFTOUANNNUYDID
condition Aminotadalafil Tadalafil Methisosildenafil Sildenafil Vardenafil
RT RES TF RT RES TF RT RES TF RT RES TF RT RES TF

HPLC No.1* 3.1 - 1.3 3.6 3.2 1.2 4.8 55 1.2 5.2 8 1.2 6.3 4.1 1.2

column No.2 4.0 - 1.2 5.1 4.8 1.1 7.3 7.0 1.1 8.1 .2 1.1 107 5.7 1.1
No.3 4.3 - 1.1 5.4 5.0 1.1 8.3 87 1.0 9.2 .1 1.0 121 57 1.0

Column

Temp ('C) 25 3.3 - 1.1 3.8 3.0 1.0 50 49 1.1 55 1.8 1.1 6.9 4.0 1.1
30" 3.1 - 1.3 3.6 3.2 1.2 48 55 1.2 52 1.8 1.2 6.3 4.1 1.2
40 2.9 - 1.1 3.3 2.4 1.1 4.4 5.2 - 4.7 1.3 1.0 5.5 3.1 1.0

Flow rate 0.7 4.5 - 1.3 5.2 3.2 1.2 6.8 58 1.2 7.5 1.9 1.2 9.1 4.4 1.2

(ml/minute) 1.0* 3.1 - 1.3 3.6 3.2 1.2 48 55 1.2 52 1.8 1.2 6.3 4.1 1.2
1.5 2.1 - 1.2 24 2.5 1.1 3.1 4.9 - 3.4 1. 1.2 4.2 3.7 1.1




aa a P o b3 v . a a £ ~ o
jﬁmijﬂwgqulaﬂaﬂwmﬂ’]ﬂﬁgn PDE-5 inhibitors luﬂBQﬂa’Nﬂ’]ﬂﬂ ﬂisﬂ‘ﬂﬁ IELm‘H LLa::E!Jﬂm ﬂjﬁﬁiﬂiﬁ’]

MNP 3 WaMINAFBUANNNUYBIID (D)

Chromatographic WNAMINAFOUANINNUYDID
condition Aminotadalafil Tadalafil Methisosildenafil Sildenafil Vardenafil
RT RES TF RT RES TF RT RES TF RT RES TF RT RES TF

MeOH: 55145 5.1 - 1.2 6.8 6.1 1.1 10.6 9.4 1.1 12.6 3.5 1.1 17.9 7.7 1.2
Buffer 60:40 3.8 - 1.2 4.7 4.4 1.1 6.8 7.3 1.1 7.7 2.5 1.2 10.1 5.8 1.2
65:35" 3.1 - 1.3 3.6 3.2 1.2 4.8 5.5 1.2 5.2 1.8 1.2 6.3 4.1 1.2
70:30 2.7 - 1.2 3.0 2.1 1.2 3.6 3.9 - 3.9 1.2 1.2 4.4 2.6 1.2
75:25 2.5 - - 2.6 1.4 - 3.1 0 - 3.1 0 - 3.4 1.6 1.2

 aamzrasszuulasinnnviciiiumsnaseuanugneesadia

RT = retention time, RES = resolution, TF = tailing factor

3. msmwﬁgﬁ)ﬁtanﬁnmﬁmmju PDE-5 inhibitors luzasnaneed Taudsesna w.a. 2558
a P o P ' . . A v a )
NaMInANGIULaNanHUeINgn PDE-5 inhibitors ‘luﬂmﬂawmﬂwmmawaiiwqmmmnu
MSLENNENTTMWMIE Ussnthulszanae w.@. 2558 (msmﬁ 4)

MINM 4 waMInTINgIienanuaienngy PDE-5 inhibitors luzasnanenad

No. of detected samples

Dosage Form Samples No. of Mixed

samples  Sq Td Sd/Td Sd/vd  Sd/Td/Am Td/Am/Vd

Sd 100 100 0
Tablets  Known Td 56 51 5
vd 12 12 0
Unknown 14 14 0
Capsules Unknown 30 20 0 4 1 1 1
Gels Known Sd 16 16 0
Others Unknown 2 0 0 0 0 0 0
Total 230 213 5 4 1 1 1

Sd = sildenafil, Td = tadalafil, Vd = vardenafil, Am = aminotadalafil
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a J
VI

manmaRgaiiendnualenngu PDE-5 inhibitors ldWannausasisda 35 TLC uas HPLC
dmiuiaguszsadmawannid TLC wisldifuissasdmiuanafigniiendnuaizasnaneadngs
PDE-5 inhibitors fiinm3susseaenddsy (known samples) ﬁ”'qaaﬁ%’ﬁﬁmmﬁuﬁlﬁmaaummgn@fm
raIomunaninagizes ICH-Q2 (R1) éwsuid TLC ﬁﬁ'gmmﬂ'é}auﬁ ethyl acetate: acetonitrile:
ammonia solution (90 : 10 : 5) iaanaialasdesmeauassannblawaianuenaau 254 Tuwes Unng
Rg@flﬂ (dark spots) 2a4 sildenafil, tadalafil, vardenafil, aminotadalafil t82 methisosildenafil fieh Rf
WNAY 0.49, 0.71, 0.50, 0.57 WAZ 0.56 MNIGU (MWF 2) (A) Waza5R 1 N RE 2a9ans1aaziia
wu lidansauan sildenafil 88NN vardenafil Lwil,ﬁaﬁmsmmné'ﬂumxwm spectrum ?laqmsﬂzqam
FHANWUT spectrum Fanwazuandaiuaeedamy (Mwit 4) F9eansosiwun sildenafil iU vardenafil
Tnsndednuazaas spectrum Huaneedenanaannniule uenaniigawuhiannzdenan fessnsauen
methisosildenafil 890211 sildenafil uaz aminotadalafil sanan tadalafil FusaslWifiudeanuanse
2935 lumsuenansiiilasiadadeiuuesdnynzaes spectrum Indidesiu Wisldigmaiadouil ethyl
acetate: ethanol: ammonia solution (100:10:2) mmi’m‘[madmﬁ'sﬂLLmé'amﬂ'ﬂaLamﬁmmmm?{u
254 WNULNAT %ﬂi’lﬂgﬁmﬁﬂ (dark spots) 2N sildenafil, tadalafil, vardenafil, aminotadalafil waz
methisosildenafil Aien Rf wwhiu 0.31, 0.78, 0.45, 0.72 WAL 0.43 MNAINU NNA Rf 29815008z nia
nuNansouen sildenafil, tadalafil, vardenafil 8¢ aminotadalafil 8anNNNULE WA LNEIINTOLEN
vardenafil aanan methisosildenafil (mwﬁ' 3) (A) WENNANHULYBN spectrum ¥4 vardenafil waz
methisosildenafil fiuanafuathFaRudodadnsazdinanTuunnTtaialdEudaiy  ms
(inyaiia (dark spots) ¥e9E151 5 %liadl iswnlasedemanaiiasansaananil conjugated double
bond ﬁ‘z’éqmmsa@mﬂﬁuumé’amﬂﬂaLamlé' HamMsunta (quench) M3iiaeuswaasfindau silica Tudg
maedluiladasssuasdannlilamananuenaay 254 uluwes e topological polar surface area™
289 sildenafil, tadalafil, vardenafil, aminotadalafil w8z methisosildenafil t"NU 250, 74, 118, 101
Waz 126 A"2 MU uaesliifiudinnuuandesanuiduasansig s #iia uazdisimnsandiudsznou
gasigmanasuiing 2 szuu RilenuuendiuFanuiaigmamasuiiszuuil 1 § acetonitrile {Wudw
Usznau shudgmanaeuiiszuui 2 il ethanol Wududsznauwazanmasiiladidnasn® 284 acetonitrile
Waz ethanol (WNAU 38.8 Waz 25.0 MUMAU uaaehigmaadaud szuui 1 ﬁ%@@miﬁgmmﬂﬁauﬁssw
“7'; 2 %aaamﬂé'mﬁ’um Rf (iz‘uuﬁ 1 = 0.49, sz‘uuﬁ 2 = 0.31) 2N sildenafil ‘?ém,ﬂumiﬁﬁﬁy’agqﬁqﬂmﬂ
f5 5 e Ussansmwmsuenansuesigmandeuiiszuuil 1 deanhszuuii 2 snilssnanigma
wdauiiszuuil 1 fanaduluidhimainsauohfuigmemdeuiissuui 2 lumsusnansngudanan la
111 scan spectrum arauaisans lawaluzrenuenaau 200 81 400 wluwns UNNHINYUYD
spectrum 2NE5UAazBUA (m‘w“?; 4) waanniudieihlunueaeinen ethanolic-sulfuric acid solution
w§rauil 105 asnwaded Wunm 1 17 wuhiams tadalafil wez aminotadalafil whﬁy’u‘*?;ﬁwﬂﬁﬁ%m
ﬁ'uﬁwmé’anénﬂimgﬁ&hq (m‘wﬁ 2) (B) waz (m‘wﬁ 3) (B) dlenustugehen acidified iodoplatinate
solution WU sildenafil, tadalafil, vardenafil w8z aminotadalafil ‘ﬁ‘lﬂﬁﬁ%ﬂ’lﬁ"uﬁ’lmﬁmé’nﬂimg
%ﬁwmaw%ﬁmﬁyuagiﬁ'umwL?T:Jﬁuwmms (MW 2) (C) waz (Wi 3) (C) ualinwumsiiadfu
methisosildenafil awvﬁmuwwﬂﬂ'smﬁuﬁuw 2N methisosildenafil Gi1 wuld msiden sulfuric acid lfﬂmfwm

Wuausuanainenlungs PDE-5 inhibitors tiasnniluhenilaiuuwsas (universal detection reagent)
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aa a P o b3 v . a a £ ~ o
’Jﬁ(?l'i’;ﬁlwgf\ml.aﬂaﬂwmmﬂqu PDE-5 inhibitors luwBQﬂa’Nﬂ’]ﬂﬂ ﬂigaﬂﬁ IE]ﬂTlel LLa::E!ﬂﬁm ﬂjﬁﬁiﬂi?ﬂ

mzamsuanRIaasninulhazliienunmnzazaudiissnnitanaigaiienan ol lawannuil
UBNMNATNNTANNNMIAAFINNNTONNINA R Uazanenizndd spectrum gunuasanasgiulsznauniys
lushuwasihen acidified iodoplatinate solution (uihengfianiisigninanldeemunsumedniuasiaia

@13U32L0M organic nitrogen compounds® Lianaassmeviaslfuamsivenlungy PDE-5 inhibitors

v
@ =

Unnghansariijisenlviiediuennguaananla Judembendenananiusiuniledisfinauniu
lunmsasaigatienanyalueinarenadngu PDE-5 inhibitors

3% HPLC #lawannguildaulaunanisoes Hakan Goker uazamy wazdiuee Khaled
Al-Tahami lagi5289 Hakan Goker wuazame 1575 HPLC-DAD-MS ldmasuiiniia C18 (5 um) uaz
JnmeanaeufiidiunanszuiN acetonitrile, methanol Wwaz 0.05 M ammonium acetate lud35ues
Khaled Al-Tahami 1438 HPLC-DAD lénaduniziia C18 (3.5 pm) uazigmaindsuiiiidiunausenig
acetonitrile, 0.3 M ammonium acetate Wa 0.2% formic acid ugiilasnndiinenuazinguandalad
indaaiiamaiaues Hakan Goker wazani uazaadniilinaisues Khaled Al-Tahami §i$1da aatiy
Lﬁ'ammﬂ:mnuazmmzauﬁm%’umimmﬁgmﬁmﬂé’ﬂwniwmnmqmﬂﬁiuﬂq'u PDE-5 inhibitors 284
drineuasingandadalawannisau dmiuisenaigaiiandnualenlungu PDE-5 inhibitors fivain
%‘uwuﬂﬂ peak 494 sildenafil, tadalafil, vardenafil, aminotadalafil 8¢ methisosildenafil wanaanan
nuagNaNYIalsIge resolution MNNT 1.8 udas peak lignsumumnevasnlagyssiiuaind) peak
purity (Gl’li‘N‘ﬁ' 2) retention time 294 peak °z|mmsmmgmﬁgﬁﬁmﬁmﬁLauaﬂum‘waaﬂ 739N sildenafil,
tadalafil, vardenafil, aminotadalafil %58 methisosildenafil Iumiazmﬂmmgm (mwﬁl 6) uaﬂmnf?
SawuT spectrum pasansINasIUTGNatluMaandI Uiy spectrum asasnasgulumsazang
NIFIU (mwﬁ' 7)

NndayarasstinenuazIngandalull w.e. 2554 waglull w.a. 2557 wulegaanumstasndu
aminosildenafil %mﬂumsazmﬁanwmm tadalafil ttae methisosildenafil (Aildenafil) %ﬁL‘ﬂum‘j
avindanuasen sildenafil Tugnuwuluma sy Gy mawannisasafigniiandnualafiuannn
Azafuiuuen sildenafil, tadalafil waz vardenafil wa3 €439 uNISUEN methisosildenafil aaNAIN
sildenafil uas aminosildenafil 9anan tadalafil Freuiientu Wissan sildenafil waz methisosildenafil
w39 tadalafil uaz aminosildenafil Hanwalasiadremaaiiuas spectrum filnatAsstusnnaradslviie
NaUINaN (false positive) ¢ n1e38 TLC waz HPLC fildwannsuilsnsnsausnsssananaannniule
waasliiudsemuaansonasislumsusnanslungudsnanduiiududiddyiusademuiimanzas
29357 laWanngy

JanereamsnsIanueesds TLC Ltammmmvi’l'uﬁmi"wqmaq sildenafil, tadalafil uaz vardenafil
fisnansonsanule warli spectrum Faau whiy 100, 1,000 Waz 250 pg/ml MuEAU usUnniazas
MINTIANVYDID HPLC uaas ffimamtﬁuﬁ'u@i"wqm N sildenafil, tadalafil, vardenafil, aminotadalafil ttag
methisosildenafil Mdnaslugnwaan #l1 peak Faulagasndin signal to noise lienT 3:1 uas
1% spectrum Faruaansadniuny spectrum avansinaspulussazmeinasgulasgngndss iy
3.8, 1.0, 2.5, 0.8 WAz 2.3 pug/ml MNAAU

dm5u3s HPLC ldfimsnadauanumunasis Teawdsunaduinnguaadeiu Tosldaadund
hypersil gold C18, 5 mm, 4.6 x 150 mm tUuannzFeuiisy wuheeauinnguanaauieeiuanse
uenas (resolution) W 5 wiimaananiuldagnaauysal sUswasudas peak (tailing factor) lighs
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PNaMMsU3Eudioy ue retention time Ny FunanuaiudasliiFuhmandauradninnguanmu
wisshsfulifinansenudawamsanafigniiendnuaidsnan Wenlasugumniinasnadu Tasldaumgi
30 aaFnizaiBed WuanmmzFauiiisy wuhmsuanansna s siiaeananfuuasgliesudas peak lidhs
NnanMelIBuLiisuLe retention time Giwﬁ'uimﬂﬁtﬁmﬁuqmwgﬁwuiw retention time a3 tiataay
90135 na (flow rate) laglddansimslva 1.0 Hadansawnd WuanmewSsuiiey nanmsuanasuas
s1U$19w84 peak ludamnanmsFauiioy udmsiiindanmslvaiinali retention time anas aiae
sandnigmanaeuiiloglddnnsin methanol: 0.01 M ammonium acetate (65:35, v/v) {lugnney
Wisuifiey wuhmsandasdin methanol fumnhinisusnaslddiy uadlunasdmduidawalia
retention time iaAuwEENA Y iaiREaTEU methanol wuhwnlinlumsusnasanasuasiisandu
methanol: 0.01 M ammonium acetate (75:25, v/v) Tsissnsauen methisosildenafil 88na1n sildenafil
(M5 3) mﬂ‘ﬂ'mgaﬂ'wé’uLtamslﬁlﬁuiﬁ%'ﬁlé'ﬁﬁum‘z“ivuﬁﬁmwN‘vmGiamﬁl,ﬂﬁ'ﬂul,l,ﬂmamawhq5"] FIHD
Tinaanuazanlumsihislylgananigaienlungy PDE-5 inhibitor Tuzasnanenedsaly
msasviigaiiananuaienngu PDE-s5 inhibitors lusasnansena@ifenfumsiiinaussomwmaine
AldSunnamildnsa nashiums 3 uas 4 nsudau@mUAGHLAY LaznaslIFUMIMNINUUDNEENGA
1 nastiymmsdmnalnuunueanio Usshithutszana we. 2558 wuhdaggUuuudiofissyden
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Identification of PDE-5 inhibitors In Seized Materials Prasit Opas and Supanee Duangteraprecha

Development and Validation Method
for Identification of PDE-5 inhibitors
In Seized Materials

Prasit Opas and Supanee Duangteraprecha
Bureau of Drug and Narcotic, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand.

ABSTRACT Identification of PDE-5 inhibitors in Seized Materials using TLC and HPLC methods
was developed and validated. TLC method, the stationary phase was siliga gel 60 F 254, the mobile phase
comprised two systems. System 1 was the mixture of ethyl acetate, acetonitrile and ammonia solution and
system 2 was the mixture of ethyl acetate, ethanol and ammonia solution. TLC of isolated sample was
firstly detected by UV radiation at 254 nm, spectrum scanning and then confirmed by color reaction with
ethanolic-sulfuric acid and acidified iodoplatinate reagent. In system 1, Rf were found to be 0.49, 0.71,
0.50, 0.57, and 0.56 for sildenafil, tadalafil, vardenafil, aminotadalafil, methisosildenafil, respectively.
In system 2, the Rf were found to be 0.31, 0.78, 0.45, 0.72, and 0.43 for sildenafil, tadalafil, vardenafil,
aminotadalafil, methisosildenafil, respectively. A purple color after spraying with ethanolic-sulfuric acid
reagent indicated the presence of tadalafil and aminotadalafil. When acidified iodoplatinate solution
was used, a brown to purple color developed indicated the presence of sildenafil, tadalafil, vardenafil
and aminotadalafil. With TLC techniques, limit of detections of sildenafil, tadalafil and vardenafil were
100, 1000 and 250 ug/ml respectively. HPLC method, the separation was performed on a C18 column by
isocratic elution with a mobile phase of 0.01 M ammonium acetate buffer and methanol and PDA
detection at 210-350 nm. All sildenafil, tadalafil, vardenafil, aminotadalafil and methisosildenafil peaks
were completely resolved as shown by resolution values greater than 1.8, with no interference from matrix
components. With HPLC techniques, limit of detections of sildenafil, tadalafil, vardenafil, aminotadalafil
and methisosildenafil were 3.8, 1.0, 2.5, 0.8 and 2.3ug/ml respectively. The validated method was applied
to the identification of illicit drugs containing PDE-5 inhibitors in seized materials in fiscal year 2015.
It was found that among 230 samples tested, 213 samples contained sildenafil, 11 samples contained a
mixture of sildenafil, vardenafil, aminotadalafil, tadalafil and one sample contained a mixture of sildenafil

and vardenafil.

Key words: PDE-5 inhibitors, seized materials, identification, method validation
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