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2 9 : LOMS/MSE o] 83}o] w71 82-A (impotence) X]F A Q] sildenafil & A Q1 homosildenafil,
vardenafil, tadalafilS #43l= WHES YA o] L3} WH O 2= electrospray ionization (ESI)
9} atmospheric pressure chemical ionization (APCIWH & Al-&3Fon Ho e 9} AdA-E e}
£ 285 27 938te] o8 71A sebe) g E WA A v wslg ot MRM (multiple reaction
monitoring)S ¢ gk A A A o].& (product ion)-& A7] 3l ESI B o) A= capillary voltage,
cone voltage, extractor, entrance, RF lensS WH3}A| F 0.1} & - 0]-& (precursor ion)-& A2} 3} 593
Euo] 2 (fragment ion)2 A A= 2] ko). g3, APCI B ©] 79 entrance, collision energy, exit,
corona voltage, cone voltage, extractor, RF lens, cone gas, desolvation gasE W3}A1 A& w tt& #}eg}
vjE el wiste) e 7ol e-g 2% product ion 4 HE ) WehE PAEA B3 A RF
lens Z712] #H&}ell A precursor iong W £33 Evtol 25 o] AT o] SN FUHE Qs A&
gHA 9] ol Ltebdth HPLCOl M9l 2 Fe] 233 Agk B4 7oA Ao =g vellls
olEA ZHE ZALEA+=d 10 mM ammonium formate (pH 4.8):acetonitrile=70;302] 5 &vf &2 %
7ol F& =g vehllon, H49 Wl ESI-MRM # oA A Z A (SN>5)E sildenafil
2 0.10 gg/mL, homosildenafil & 0.025 yg/mL, vardenafil2 0.025 yg/mL 1¥] 1 tadalafil2 0.25 yg/mL
ol At
Abstract : By LC/MS/MS, the analytical method of sildenafil and its analogues (homosildenafil,
vardenafil and tadalafil) used as used medical treatment of impotence was established. electrosprary

ionization (ESI) and atmospheric pressure chemical ionization (APCI) as a ionization method were
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applied. Several parameter were varied and the sensitivity and reproducibility were compared. In

LC/ESI-MS method, capillary voltage, cone voltage, extractor,

entrance and RF lens to create

appropriate productr ions for multiple reaction monitoring (MRM) were variable parameter, but the

formation of the other product ions except the precursor ion could not detect. And the value of

entrance, collision energy, exit,

corona voltage, cone voltage, extractor,

RF lens, cone gas, and

desolvation gas in APCI mode were varied, only the creation pattern of fragment ions by the change

of RF lens value were detected, and the limit of detection was decreased due to the increase of S/N.

Ten millimole ammonium formate (pH 4.8):acetonitrile=70:30 by isocratic elution in HPLC system was

shown the maximum sensitivity in MS, the detection limit of sildenafil, homosildenafil, vardenafil and
tadalafil obtained by ESI-MRM were 0.10, 0.025, 0.025, and 0.25 ug/mL at S/N>5, respectively.
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Sildenafil & #3-ofl ¥4]% (angina pectoris) X E A2
A NEE Ao 43 A3 2 At e BA
B fAolM 8oz w7 (erection)8do] HilE
Ao olg A7|Z AFAE0] sildenafilE W7 A
BAIZ 43317] AlAsHAT. Sildenafil & ¢GMP-specific
PDES' (cyclic guanosine monopbosphate-specific phospho-
diesterase type5)2] AAAMZA, A7) HH N8AZ 98

390 vl 2F 9%k (Food and Drug Administration)
o S9hE wom wis Fo|A (Pfizen)Atell A Ty}
= 371 vlop1el (Viagra) 2 Bo] A& A Uk

Sildenafile 243}7] 3 whgoz HPLC/UV 9}
LOMS® 2ol HuEiem, XA A sildenafil
7 719] thA}A) UK-1033208] SA] BAS 98] LOMS/

MS™ HEW S o] BAYo] EuHT Itk 3,
John” 5& LC/MSMS 7oA MRM (multiple reac-
tion monitoring)& o] &3}a] Algre] YA oA sildenafil}
HAFAIQ] UK-103,3208 FA1o EA43t90m 243 2
ol A sildenafil®] A FdA7} 2 ng/mL o)t K3}
Atk 38T Angela” 5 FA] LOMSMS HEHoA
MRM=2 ©]-83} sildenafil®} thA}H|Q] desmethylsilde-
nafil & FA|o B3t om 11 Av} HAox] A
7} Ing/mLo)™ LC/MS/MS ZHZEHol sildenafilz} thA}A]
Q1 desmethylsildenafil & FA3}=d Agslcty Hird}
Frk. ojuto GC/MS®9} micellar electrokinetic chromato-
graphy’ 5 o]€3 £ WhiEo] RuHU

AT G448 4715 Bl A8AIQ vlof12} (Viagra)
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o] Al EAZAM v]5 FDAY A& B nlo]dA}
o] w8 (vardenafi)o] glom, e (LillyAte] Alo}
2l (AEY: Cialis, A8Y: tafalafile < 4 o7}
A" dFo|tt. Vardenafil#} tadalafile & H8o)
i F&" At Ao we opEe) AH e g 1w
e Hol 1o At EQlol A fAl gt
Ade HaEA eksth

Tebs B A7ME LOMS-ESI (7] BFE o]
shubda LOMS-APCI (H7]5 318} o] 2shiiye] F
7HA] o] 28 WAE AMEE LCMSMS 7S AHE3}
< sildenafil, homosildenafil, vardenafil 18] 1 tadalafil &
A& e FEAA BN + Qv 238 gys)
a3} s,

2. H

2.1. Alef & 7|7

B A7 AH83 HFEEAQ sildenafil (69.4%),
homosildenafil, vardenafil (99.8%), tadalafil (99.9%)5 2
FojokEeuolA TFUGoN ABE B 9
&} 0.2 pmx13 mm PTFE syringe filter (Whatman, UK)
g AR o5 &2 AMSE B oM EYE
gL J. T. Baker (HPLC grade, USA)ollA T3l .o
Sz gollof] ALE-¥l= ammonium formate (99.995+%)=
AldrichA} (Missouri, USA), formic acid (99%)< SigmaAl
(Missouri, USA)oljA -138tHch

Agilent HP 1100 series liquid chromatograph/Micromass
Quattrommass spectrometer (Micromass, Manchester, UK)
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& AMgslaen Az BA7IY olest WA #7] £
X 0].8-3} (electrospray ionization, ESDW ¥} t) 713} 3}é}
o]-2 3} (atmospheric pressure chemical ionization, APCI)¥
& AMREtg on, HAF HPLC system2. 2 3IPEES &
2]8tgtk. HPLC B4 Z7o) A48 AYP2 YMCAL
(Kyoto, Japan) Cis #EFo|® ESIAE 15
(length)x2.0 mm (i.d.)x5 ym(particle size)E A8 0.1,
APCIo| A& 15 cm(length)>4.6 mm (i.d.)x5 um (particle
size) S AHEEIE T Sujis APCISH ESI WY T o}
EUEY (vl A)Z 10 mM ammonium formate 88
(pH 4.8) (84 B)-& A&t 70 (A) : 30 (B2} Hl& &
T8 &2 2102 30FEUl EestAon Sy
2o APCI WhgollM e 1 mly/min®] 2.9 ESI WelA
+ 0.2 mLjmino] ¢t}

2.2

431 5 22 = sildenafil, homosildenafil, vardena-
fil 12)31 tadalafilS WghE-& G2 AME-3lS] 1000 ug
/mLe] 83 YHo] Hr g RF Folg Azttt 2l
RS M o) 5§98 13 BT BEFE ABst
Hom, Wergs ALgste] Ao M 20 pgml7t &
EE 2] 15 898 A A BF &4 B
Ao kM4 02 pmx13 mm PTFE syringe filter
(Whatman, UK)E AR&Sled &3 § ARREH I

2.3. A 2ol =H

ESIYoll M, cone gas®} desolvation gasZ& N F A4
£ ARS8k 3 Zh2} 45 Lihr, 550 Lihe9] 502 &
Zoomn, source 259} desolvation &&=+ 120 T}
200 Tt Ao Zweol A9 product ion AA 27
L %7) 98} capillary voltage= 1-4 kV, cone voltage
= 15-75 V, collision energy— 50-90 eV, RF lenst 0-4
V7kA] Mt A

ti71ek 38 o]28} (APCH el M corona  gas9}
desolvation gas2+ NA| AAE AB3IH LM source 2
=9} desolvation 25+ 120 T2} 450 Coldct. A9
Ertele A4 2uH ZEE #7] 913t entrance=
50V,
corona= 1-7 yA, cone voltage¥ 15-55 V, extractor= 0-5
V, RF lens& 34 V, cone gast 50-150 Ljhr, desolvation
gast 200-500 Lihe7kA] W3t A|AFHEA SRHEE] 7t
%9} product ion AJA GAE BEIAX HH A

collision energy:= 10-40 eV, exit= 0-5 V,

RS

5 Agsgh

QlelAe] dejulg WstE FaiA Add 218 d
W A% BAAY 4% w29 shel muliple
reaction monitoring (MRM) T.Zof #-88}a  sildenafil
20 FAREY] S A AEdA R g A

& Fag

4. 8% 3ol 2y

A Hde A3 A wE P FAe ok
o] uhgo] ARR-8lct. Sildenafil, homosildenatil
vardenafil 2 WgHE &Hol vH5olR 20 pgmle]
£o8.8 001, 0.025, 0.05, 0.1, 025, 05, 1.0, 2.5 pgmL2)
FEE SMsle] zAsl o, adalafile 100 pgymLe
HF £9S 025 05, 1.0, 25, 5, 10 pymlLe FL&
3 Mste wrsolx LOMSMSE E4sdh 2t 44
folo] B A thgh 3= HA% okl WAE

FAJtE oF 2F P A4S S

o ™

3. gzt ¥ &

3.1. YA HPLCY =74 #&

B A oA A5 8359 sildenafil, homosidenafil,
vardenafil 1% 1l tadalafil®] 3}8} 2= Fig. 13} 2o
tadalafil& A 2J gt vpoix] 33/9] SIES FARSE 72
g 7143 Qdoh

iy N LA

‘ <
5

@ :

i A ; <‘
sildenafil  homosildenafil  vardenafil tadalafil
(m.w: 474) (m.w: 488) (m.w: 488) (m.w: 389)

Fig. 1. Chemical structures of sildenafil, homosildenafil,
vardenafil, and tadalafil.

o4k HPLC Z7ol 9§k ESI W] ol REoj
A, B2les AT Qe olBdE B oME
UEde 3 249 749 tdalafile] [M+H]” He2
protonation®| = H-&o| 3| oA IolArt P&~
orokr) waba], FEHL 10 mM ammoumium formate
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(pH 4.8)2 npto] AL83c}. o o]5de 2=

£ A+ 10mM ammonium formate -2H-& A&l

fu] BE oHHEUEHEL AREFon A:B=80:200=

£ 1) sildenafil, homosildenafil ~12]3 vardenafil ¢}

HY-E AlZbo] 10 o2 HEEHYAT, Fola Hol

H @iol A8t tadalafile] A9 §F Azte] HoJA
1=}

Fo} 308 ol HE (Fig. 2)°] 7MEdHoRZ
HPLCE= E5F o] & AMEsI¥aL o]23 Wy o
A @A fEe) zloiut &4 EE syt

;
|
L - ‘
Fonnd s . e T o VO R AN P P

O oL, ‘J‘ i iy a Lo g Eia s ™
a» 4D ab ap e 1] up o HD ;0 piol P an np AD

Fig. 2. Chromatogram of sildenafil and its derivatives (1
pg/mL) obtained by LC/ESI-MS MRM mode; (a)
vardenafil, (b) sildenafil, (c) homosildenafil, (d)
tadalafil.

3.2. MS/MS2| = &g

3.2.1. oh7|gt &% 0|25 (APChHY

7] 48 ©]23} (atomspheric pressure ionization,
AP e dFoz wokdse wFwd APES
of EAMo golsict EF, ET ofo] B AAEHo]
A 4 Al MSMS 7]5o] AEHE Ex
3} o] ES BHA B RE AT e 2
ZotE s (HPLC)9He] o] +1¢ o]&3t Wie
2 d=A vk o] di7l §¥ o] &3} (AP APCI
{3 ESPHOE rolZth APCI HHHE o 7|9kl A
71AE ol &4 whgel A o237l HHOe
2A, 2z=Fold &uirt 2t Wl oA Uzt
oS A ¥ £M4 REESL olesrIle WHel
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22 CI(chemical ionization)9} FA}gH o] &3} wyo|c).
o} APCI ¥f2 Ex}o] 1,500 Da Hxo] =4g0] 9l
= oAl sjHEE RAsted HEshy ESI Wy
£ 98 F2 17} 48 o)&¢ Y4BT £3 HPLCS)
F#o] 02~2 mimin7}®] 7}53l28 Yukael HPLC
Al 8329 PUYIE AW A8 & JYone
A go] e,

39, triple quadrupole Hejo] ®ld) HF R
(MSMS) 2% T o= product ion spectrum, parent
reaction monitoring, constant
loss spectum  Fo] U=dl B AN =
product jon spectum REEF o]8Eld EA o] U
@ Ed oleg BRY ¥ o] 4AOILES MRM ®
£ sebvEE AL BHST

APCI9} ESI ®}Wollx, 9Fo)& (positive ion) RE9]
Qe HAe HSDA S Aol
protonation=| o] [M+H]' HelZ 71% Hol=7h viehhe
Holth. B AN APCIS}H ESI WA Eajgko)
47491 sildenafil®] 73-9-ol mjz=4759] [M+H] 7} 7|% 7
ol H&%¥93, homosildenafil, vardenafil 121
tadalafil®] 73$-o= m/z=489, 489, 3900} [M+H] o©}
&E0°] 71F Hol (base peak)E HEHUH

Tadalafil2- sildenafil, homosildenafil “22}3 vardenafil
W B8 2 2Fo] & o)t o F¥HEEA product
ion spectrumo| A4 E=}Ho] & (fragment ion)Eo] F WA
Rew (Fig. 3) A% 4719 sletvlele Table 10 &
eFsteich

Corona HHF+ 1-7 pA, cone voltagee 15-55 V,

ion spectrum, multiple

neutral

4

extractore: 0-5 V, entrance= -5-0 V, collision energy+
10-40 eV, RF lens& 3-5 V, cone gasv 50-150 Ljhr,
desolvation gas= 200-500 L/hr7bx] ¥3}A|7] A3} RF
lens#H3}E A|2)3}i1E product ion spectrumel] & W3}
7b 9120, RF lens W3t tigh 2HEYJL Fig 4,
5, 60l JERAUTE 1@o M Hojg ube} ko] RF lens
2ol Fvheol welA MAEE product ionE2 A
5 ETo|2E] Asst A7t FUMEE B 4 ok
A H product iong BEW sildenafil e mfz = 4759 o
3 product ion© & mjz = 475, 99, 100, 283, 3110} xj
FAUA Yelgon, homosildenafile mjz = 4899 o)
3t product ion® 2 myjz = 489, 114, 313o] AAAUA
vebgtl. Vardenafil® mjz = 4892} product ion©. &
mjz = 489, 114, 151, 169, 3127} AAAHYA ERdch
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Fig. 3. Mass spectra of tadalafil by LC/MS-APCI (a) and

zmzsocmawsa):maao:ﬁoammm:mam«ommw

ESI (b) in positive ion mode.

Table 1. Linear regression and correlation coefficient of standard calibration for sildenafil, homosildenafil, vardenafil

and tadalafil using LC/MS-ESI

_ . LOD (Limit of
Compounds COHCCZZ}:E) range Regression eqn. coi;)t“rlrc(;:tw?r:) detection, zg/mL)
MRM mode Scan mode
sildenafil 0.050 - 1.0 y = 11131x + 70.170 0.9998 0.100 2.50
homosildenafil 0.025 - 1.0 y = 6642.5x + 15939 0.9995 0.025 1.00
vardenafil 0.025 - 0.5 y = 3.9338x + 5.5707 0.9999 0.025 1.00
tadalafil 0.250 - 10 y = 2666.6x + 18321 0.9976 0.250 50.0
Tadalafil-& Fig. 3 (@)X Hi= nlel o] mjz=390¢] & HojZogx Psle FFE9 o]LEo] dojur

product ion®.2 m/z

ERstT

322 M7 &7

390, 135, 2680] AFA AA

T o2& (EShY

ESI We] Ex& A 2x (e, T2E
A A o)eES

FRoe T

HPLC ZY& AH8goss 3

)l o
A, Zee AE #A
e UA9

of ¥4 Foh

gEsng shsstd

ESI ¥h{2 i7Igbstall A 22 #3 (1~200 pl/min)
o] HA7E ZATE FHE o F§ H#71FG~6 kV)

APCI W3 njR7 A& tadalafile- Ento]2Eo] &
MAE R 2 tadalafil S 423} sildenafil, homosildenafil
21 vardenafilo] thdt HA AL MAs=Y 5%
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LC/MS/MSE o] &3

24

[M+H]"
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Fig. 4. Mass spectra of sildenafil obtained by LC/MS-APCI positive ion mode
(¢) RF lens = 5.
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(a) RF lens

3, (b) RF lens
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Fig. 5. Mass spectra of homosildenafil obtained by LC/MS-APCI positive ion mode ; (a) RF lens = 3, (b) RF lens =
4, (c) RF lens = 5.
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Fig. 6. Mass spectra of vardenafil obtained by LC/MS-APCI positive ion mode ; (a) RF lens = 3, (b) RF lens = 4,
(c) RF lens = 5.
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496 FEET A

£ FUen IevHES Table 20 9k3lHon
tadalafil ] ESI 23 A~HEHLS Fig 3 ()9 2tk

Table 2. Parameters of ESI-MS to create the fragment

ions
Parameter Value
capillary voltage 1-4 kV
cone voltage 1575 v
collision energy 50-90 eV
RF lens 04 V

Capillary voltage= 14 kV, cone voltagex= 15-75 V,
collision energy= 50-90 eV oAl WA AHA b
3 43 ESI Wbl Me product ionol] )3t & w3lr}
gen Wt g = Wsle Fig 7 (a), (), (09}
) APCL ol A9} ul271 A2 RF lens?] ¥ 3hA] o
gt 2] #gglsol ALY RF lens?] Z7io)
o} FEe AAEAT Fig 7D Rk 1y g2
g2}ulefel] i3k M3}l A= product ion spectrum®]
37 A FHAEA G

2000000 + —_
1000000 "
0
1 2 3 4
capillary voltage(V)
—eo— sildenafit -~ homosildenafil
—t—vardenafil —+— tadalafil
%0 ; (b)
5000000 | .\‘\./’./-——a\.
©
é 3000000 - 0/‘\‘_—,0—0/‘“'
2 2000000
+ —_— e ——+ —_—
100000 " \*
0

15 25 35 45 55 65 75
cone voltage(V)

—e—sildenafil —®— honosildenafil —a— vardenafil —+— tadalafil

ERES B

10000000 ©
om0 S
-
S om0 4t
X
g amom T T
Q
200000 < y x y
0
0 O n W ®

collision energy(eV)

—&— sildenafil —#— homosildenafil —a— vardenafil —x — tadalafl

7000000 (@

RF lens

—e— sildenafil —a— homosildenafll —— vardenafil — — tadalafil

Fig. 7. Comparison between peak area according to the
parameter change from a standard (20 pg/ml) ;
(a) capillary voltage, (b) cone voltage, (c)
collision energy, (d) RF lens.

Tadalafil S A AT oA 3FH JFEL iy
Holl & ®ste A glo]
product ion®. 2 ARGt = MS/MSA A sildenafil- &
mjz = 475, homosildenafil-® m/z = 489, vardenafil S
mjz = 489, 12|31 tadalafil® myz = 2680] 7]& Hlo|H
2 etk

3.2.3. Multiple reaction monitoring (MRM)

APCI¢} ESI Wolld @& product ionE<L MRM
2o ARgste] ko] E3LE FYh. APCI W
Hol A= sildenafil-& 475->100, 475, homosildenafil-&
489->114, 489, 489->114, 489 12l
tadalafil e 390->135, 268¢ MRM R.Z9| wlejnjeiz
AR 1 An APCI W9l 739 MRMEEO)A
© 20 ygmLAME Aol HEF A ookt

precursor  jonS Ho]

vardenafil &
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Table 3. Linear regression and correlation coefficient of standard calibration for sildenafil, homosildenafil, vardenafil

and tadalafil using LC/MS-ESI

LOD (Limit of

C trati Correlati .
Compounds oncentration Regression eqn. orrea 1on2 detection, yg/mL)
range (ug/mL) coefficient (r)
MRM mode Scan mode
sildenafil 0.050 - 1.0 y = 11131x + 70.170 0.9998 0.100 250
homosildenafil 0.025 - 1.0 y = 6642.5x + 15939 0.9995 0.025 1.00
vardenafil 0025 - 0.5 y = 3.9338x + 5.5707 0.9999 0.025 1.00
tadalafil 0250 - 10 y = 2666.6x + 183.21 0.9976 0.250 50.0
- ~ ) . - ~ homosildenafil (b)
: I sildenafil (a) : I /
| | /\\/ ' ~
L/ Vi
- . sildenafi T - _ homosildenafi b
: “\\/ ‘ '
! K ;
: ~ 7~’/'\‘\\ ,‘ \‘n e J" e, -
‘ N ST e B e e
A vardenafil (c) - / o /7\ \ (d)
/ ‘\‘ / - //‘ | /A [ - - ,/"/ \'\, I
.:‘r - S B ”/' AN J M _ a/'/
" /. vardenafil “ tadalafllﬂr/‘\_\
. il y ‘
(o ,/'/ (. T B - ! —

Fig. 8. Comparison of LOD between scan and MRM mode at 5<S/N
: (a) sildenafil ; scan mode: 2.5 yg/mL (upper), MRM mode, 0.10 yg/mL (lower),
(b) homosildenafil ; scan mode: 1.0 yg/mL (upper), MRM mode, 0.025 pg/fmL (lower),

(c) vardenafil ; scan mode :

1.0 pg/mL (upper), MRM mode, 0.025 gg/mL (lower),

(d) tadalafil ; scan mode, 50 pg/mL (upper), (b)) MRM mode, 0.25 pg/mL (lower).

33, ESI Wy dlA= sildenafil& 475->475, homosil-
denafil®- 489->489, vardenafilS® 489->489 1g|1
tadalafil& 390->135, 2682 MRM w=2o] ueirigz
AAstg e MRM R2EdAMe] HEFAE sildenafilS
0.10 gg/mL, homosildenafil2 0.025 pg/ml, vardenafil
0.025 pgmL 18] tadalafile 0.25 pgmLo|{Th. Scan
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29 AL HAZIAE sildenafile 2.5 pgmL, homosi-
ldenafil® 1.0 ggmL, vardenafil® 1.0 pgml I&l31
tadalafil & 50 pgmLol$e™, MRM R=9] A& 9}
vlmd ZAde Table 30) Q9F5t%Th. ESI wWielA
scand} MRM RE=E8 H@d m2nlEale Fig 83
Zon sildenafil ¥ 1 FAMS] B4 glojA, MRM
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ZE AMSSP scan RTof H)3) 252008 9] 7E =7}
Ade F glome MRM REES AMEEEE 3ok

My Hd

3.3. A5

Fxo w& ESI Wie MRM A&-5
sildenafil, homosildenafil, vardenafil “12]1 tadalafile] tf
g 48 BAAY FEAGE Table 39 aoksle vl
WAtk Table 39X¢} 2ol BEF EH FTHS
(sildenafil-2 0.05-1.0 pg/mL, homosildenafil& 0.025-1.0
ug/mL, vardenafil2 0.025-0.5 pg/mL, tadalafilS 0.25-10
pugmL)ol A  sildenafil®  *=0.9998,  homosildenafil-&
r'=0.9995, vardenafil& r’=09999 123l tadalafil &
r=099762] £& ANAL vehich

=2
Rog

4. d E
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WS vl 2 A 9Ee 728 90
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