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PDE-5 inhibitors

GTP
Guanylyl \(

7 Cyclase PDE-5
cGMP ———> 5-GMP

Nitric oxide =
[

! U

Neuron & Endothelium @ Protein phosphorylation

ﬁ € Ca 2+ reduction

Stimulants ¥ Smooth muscle relaxation

Figure 1 Molecular mechanism of PDE-5 inhibitors to

erectile function (Ref 1.)
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1 Ag As, Alef 8 77

1-1 AR % A

Sildenafil, vardenafil, tadalafil, sibutramine,
N—desmethylsibutramine, N,N—didesmethylsibutramine,
hongdenafil (acetyldenafil), homosildenafil, udenafil,

benzylsildenafil, thiosildenafil ¢ XF#F 2)F o okFEbd 3}
Azd A5% wed A Ae Wt HPLC w9
acetonirile, MeOH, water 12]3. phosphoric acid& Duksan (¢}t
Ab 8HaE) 3} Fisher (Fair lawn, NJ, USA)olA &g on
sodium sulfatex= Junsei(Tokyo, Japan), Ammonia hydroxide,
pottasium  phosphate  monobasic (KH2PO,), 1—dodecanol,
formic acid ,sodium bicarbonate, sodium 1— hexanosulfates
Sigma(St. Louis, MO, USA)e|A <Atk 1-undenacanol,
2—dodecanol TCI(Tokyo, Japan)°lA T3+t Ultra pure

grade 2—amino—2—hydroxymethyl—propane—1,3—diol (Tris)

15 ".:l:'" I 'kl-.| - 1—-li [= 5



+ Amresco(solon, ohio, USA)oA F43FSGTE Part 2904

Sample matrix®@ T3 FIA = =12 2k=pol A At

o, 4

§3b7] S8l T AolMEALS WFE FaA FUste] Sl

o).

1-2 A3 717]
— Waters ACQUITY UPLC system
— Bruker micrOTOF—q I mass spectrometer

— Hystar chromatography software

— Compass Data analysis 4.0

— Waters ACQUITY UPLC column (60 X 2.1 mm. 1.7 zm)

— Phenomenex Luna column (250 X 4.6 mm. 5 gm)

— Agilent 1290 infinity system

— Agilent Technologies Chemstation for LC 3D

software
— Eppendorff Centrifuge 5415 R

— Eppendorff Centrifuge 5810 R

16
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Part 1. UPLC/Q-TOF%& ©|&3% PDE—-5 inhibitor

9} sibutramine ¥ I FAFEZ L] A EA

2. 7171 &2

— UPLC system

Column oven — 40 T

Flow rate — 0.2 mL/ min

Mobile phase — A: 0.1% Formic acid, B: 0.1% Formic acid/
ACN

Injection volume — 10 gL

Gradient condition — 10% B(2 min), 25% B(4 min), 40%

B(7 min), 70% B(10 min) 70% B(12 min)

— Q—TOF MS mass condition

Positive ion mode

Capillary voltage — 4.5 kv
Nebulizer pressure — 0.3 bar
Dry gas — 4 L/min

Dry temperature — 180 T

17 -__:I'H l - INI- _I__li .-".ll_



Mass range — 100 — 1000 m/z

Collision energy — 10 or 30 ev

18



3. Q—TOF MS mass calibration

Q-TOF MS®9 A& #AFS A8 84 Li—formates

50709 thd BEA 9 AR FAEZELS BF A E Ao A -
wsk¢itt. PDE—5 inhibitorel tfst & WS =73} A EF3HAS
AAA ] FEHHL oF

Rzl AASHYTON, 4% 1) PDE-5
Ko
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2 =2l % hongdenafil (20 pg/mL)S ISE ¥ % 0.2 gm
PTFE HE 2 o #sto] LC-MSe| F<l 3t

H ok g Ao So] Y Aoz AZAEE sibutramine® I FAF
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Part 2. SPE¢ <dAl®¥ DLLME-SFOE

sildenafil®} 71 fAEA ¥4

2. 7171 &2

— HPLC—-UV system

Column oven — 40 TC

Flow rate — 1.2 mL/min

o]-g-3t

Mobile phase — A: 0.1% phosphoric acid/ 0.1% sodium

hexanesulfate, B: 95% Acetonitrile

Injection volume — 20 gL

Gradient condition — 70% solvent A (0 min), 45%
(15 min), 0% solvent A (28 min), 70% solvent A
and 70% solvent A (35 min)

UV wavelength — 225, 291 nm

22
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3. ME Ax
ARG-E sildenafil=} 57}4 sildenafil eAEA Q]
hongdenafil (acetyldenafil), homosildenafil, udenafil,

benzylsildenafil, thiosildenafil(Fig 3)& 2% 0.1 mg mL™'9

2 MeOHel| oM Wyiarel] ®asigivh AREE W whe

-

& stock HE MeOHZ #43te] Agstglon], 438 913

AgAS s Al 6709 w7 5 pLE FHNA matrixE AR

|

¥ 500 mg?2 GoFAol Yo Ao s Tl F FE3F

O

ZFZ3 Ad 20 mL MeOHZ ¥ 20 #%F sonicationdts =

o

& AHgsRler, & H $9% 2500 rpmoE 4 EEskal

o

OHH
o
f\‘l
2
ol
s

GRS HAsta e EEtadel & AU EE

[ab)
]
[N
N
N,
iy
2
A

ZA A, Ao 7 T2 IEES 0.1% formic

i)

+ 10 mL 10% MeOH=Z tA 994 0.5 gm PTFE A#X

El S5 AHE-3l] oistw SPEE & & ol olx ©@Al= 24t SPE

7b Eol7b7] oldel o3 HAE AXi &HlE vl FE ol
]

LoolubE Sh4 e A4S SPE AelA At

m
"
oy
)

A7} By 7EA O R mixed moded}t |E Aol 7] wjEo



20 mL MeOHS %Al 20 3%} sonicationdt ¥ 4 #z]s}o]
(2500 rpm), 1 mL9 A NE 0.1%7F 50 = 10% MeOH=Z
100¥) 843t 1 5 10 mLuF FHe|A w7 kA| = o st} o
g e olfE Al FHolA & AolEEAlA YRy W@
eFol HrbEol HEHSY] witel SPES DLLMERZ FZ3h=d|

o] v FgFol ] wiEell Eolalak 34 skl
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Sildenafil Acetyldenafil
0 Nj‘jl/_'LTKA Q—-’R o s/
e W iy
dv \(:c\_\_ 0"\660\—"\
Undenatil Homosildenafil
g ;]’ }IH? . N)Oﬁ/_NE(/\ - NS <
{’o:'sﬁn l Q’E;s'zo j \/'\::‘:ﬁr\/\
7\ o—,
Benzylsildenafil Thiosildenafil

Figure 3. Sildenafil and its five analogues
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4. Solid phase extraction

SPEZ & u] A}g3F SPE cartridge:™ Waters AF2] Oasis MCX
SPE cartridge® AF&3t7] o] 3 mL MeOH®} 3 mL &, 3 mL
5mM KHoPOy &N& ARGal U SxAE Adstae 243 A3
o Ax" AZE 10 mLe FY3 5§ SPE WF9 E4d& AAs
71 918 3 mL MeOH=Z AlHstglom vkt dst= =42 97]
AWM 5% ammonia’t £ = MeOH &4 1 mL& A &%

A AT} o] WS BT WatersAtolA AlEst XA S wepa o]

ok

skl

06 ; H “-_, ]




5. Dispersive liquid—liquid extraction on

solidification of floating organic droplet

DLLME—-SFOE $l&iA SPEelA & &% dispersive &M=
By AEsEch % €vl= 50 gL 1—-dodecanolS AME-3F©
o At F=Z8ujel dispersive £WE 4=t 1 ¥ 1M Tris—
HCI buffer pH 8.8 5 mL2 12 mL #& 3 Aol @1 4
A &WlE 1 mL &g FAo 92 o vhEo] $5 AME oA
ZHAl Zopdith, 2ol 4191 Sull7} Aty o] EFHS AJH O &
dol AW FA EE FH BAE Suls oA FH7] YA
3500 rpmellA 5 e Y4 HHE FAA KISt FEHOE
ThA] EE] Al ZITh SFO°]7] wie] f7]8mid-go] +H = 44
o] g ", o] miwgS A7 YA el AEHS
AdE Foll ¥ 10 ¥ A e nAg fd uAstd W

S A3 7|45 EdA 1.7 mL Ependorff FEZ %7 F

i

<

o] 3= & f7184mE syl A8 12000 rpmelA 1 #+ &
= 94w oska 71 &Ml %S 30 pL FASke] 60 xL
MeOH$} &%3to] HPLC—UV system®] 5913t} MeOHSF &%
sh= 1> 1-dodecanolo] w9~ HAdo] Zate] Fst717F off7]

) Fof] MeOH$}e] &3+ olgjst 7

ot
o

Fol FYa7)el §olg
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6. Wl dol A

AHE3E SPE-DLLME—-SFO WH2 HFs8H7] flste] A4, 44
A MAEE SAEAY. A S FRE] el matrix &
7= AAS] $1d|A standard addition methodE ARE-3}o] 5,
10, 20, 40, 100 ng mL—-19] 944 7] s%= A<= Ad=gste] 3%
A A3E B A5 Inter—day$ Intra—day variation=
=487 9l Fe % (5 ng mL!. acetildenafil¥t 10 ng

mL™Y), &7 %20 ng mL-1), =&

of

T (100 ng mL™H=
AAl 3 A AFRE H doji A EFHA (Relative standard
variation) & HAEZ dojA F&3itt. HE$HA(LOD) & =3t
ALOQ) = 27t 714 Noise® #HA Al wje] EolE LODE st
2aL, LOQ= RSD%7F 15019l & wX5 743l LOQE g3t

AT,
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Part 1. UPLC/Q—-TOFZ ©¢]&3t PDE—-5 inhibitor

9} sibutramine % I FAFEZAS] FA] 4

1. A2vpE 729 (XIC) ¥} ¥xbeko] Hate

Figure 4 °IA 671 g3tEo] Al 45+ 2 HolFal 8l

nt

o] MBS AIZFS vardenafil 6.5 ¥, sildenafil 7.4 &,
N,N—didesmethylsibutramine 8.8 %, N—desmetylsibutramine
9 &, sibutramine 9.2 %, tadalafil 9.3 #9] £° % eyt &

MAIZFE 13F0 2 T2 mass®E P wE duk A5 ZQ A

M

[-N

bo] o},
Table 1A & 671 =9 AAEAR m/z 3% Q—-TOF MS9]

A EHE g 2 2 xE HAFa Uk dgEe] EAse] o)

distribution) 2 3}5H&E9] A4S ERlst=d wol=d & Qe
2 2}7F 5 ppmeolH, o] Ao AFAZ7] 9} ZHA} 7HA AL Sl 5ol
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X105 e

J\ Sildenafi

X104 65nn

o Vardenafil
1.0
X10
. Tadalafil
3 0.5
2 X1 OA 92min
3 . .
£ i \ Sibutramine
0.2 1
LD
B | N-desmethylsibutramine

2000 il

3000 )
N-didesmethylsibutramine

1000

Time (min)

Figure 4. Extract ion chromatogram of the six compounds. All
compounds concentration was 40 xg/g. Extracted ion molecular
weight were sildenafil(m/z 475.21), vardenafil(m/z 489.23),
tadalafil (m/z 390.14), sibutramine (m/z 280.18),
N—desmetylsibutramine (m/z 266.17),

N,N—didesmethylsibutramine (m/z 252.15)

32 , xﬂ *E 1_'.]'| '::ﬂr T



c d Theoretical Calculated B ( )
ompounds rror(ppm
b Mass [m/z] | Mass [m/z] PP
Sildenafil 475.2122 475.2122 +0.1
Vardenafil 489.2278 489.2284 -1.1
Tadalafil 390.1448 390.1400 +4.9
Sibutramine 280.1826 280.1838 -39
N-desmethylsibutramine 266.1670 266.1668 +0.7
N,N-didesmethylsibutramine| 252.1513 252.1518 -1.8

Table 1. Calculated and measured m/z of the six compounds
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2. Isotopic distribution

o
e

Isotopic distribution

tol 1 wEE 3}

S

sildenafil,

2

A R

vardenafil, tadalafil®] 7-$-o+ ¥4,

H
-

E(_]__

3FA]

171o] Ato] QlSlth(Figure 3).

o] Fol AN BE #A

Ao v

i=]
RN

)

L R R

b} 242

S

AR R Jagol=

1A=

ARN oAE FL

o
=

A
A= 5 ppm& 2x7}b

9]

H}

=
T

efel o

).

Hbd | sibutramine® 1 FAMAIE S o

A1 AA T BAAT WA FFEY BAAe]

sibutramine™ I FAFA S0

o
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oz AztEm o] Q-TOF

=01 371

ks
H

daEs 7ML e 3
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a)

Intens.
xto6

475112

478212

4772100

I N |

T T T T T T T T
4745 4750 4755 4760 4765 4o 45 4780 miz

measure m/z |# Formula m/z Error[mDal| Error[ppm]
475.2112 1 C22H31N604S  |475.2122 1.0 2.0

2 C21H35N208S  475.2109 -04 -09

3 CI18H27N1202S [475.2095 -1.7 -3.6

Figure 5 Isotopic distribution results of sildenafil, vardenafil,
tadalafil, sibutramine and its two analogues. a) Sildenafil
isotopic  mass spectrum and candidates of isotopic

distribution.
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b)

Intens.
08

489.2284

4302313

491.2298

0 . ' . D1 . N , . .
@ @ 8 ® ® ! ® ® 494 & i

measure m/z |# Formula m/z Error[mDa]|Error[ppm]
475.2284 1 C23H33N604S |479.2278 -0.6 -1.1

2 C22H37N208S |479.2265 -1.9 -3.8

3 C24H29N10S  |479.2292 0.8 1.7

4 C19H41N208S52 |479.2299 1.5 3.1

5 C23H41N203S53|479.2274 -1.0 -2.0

6 C31H370S2 479.2280 -0.3 -0.7

Figure 5 Isotopic distribution results of sildenafil, vardenafil,

tadalafil,
isotopic  mass
distribution.

spectrum
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)

Ilens.
it
;] 01429

391 1464

1
j 141

300 305 310 M5 30 5 i

measure m/z|# Formula m/z Error[mDa] | Error[ppml]
390.1429 1 C22H20N304 |1390.1448 19 4.9

2 C23H16N7  |390.1462 3.3 8.4

3 C18H16N902 |390.1421 -0.8 -2.0

4 C17H20N506 |390.1408 -2.1 -5.4

5 C16H24N010 |390.1395 -3.4 -8.8

Figure 5 Isotopic distribution results of sildenafil, vardenafil,
tadalafil, sibutramine and its two analogues. c) Tadalafil
isotopic  mass spectrum and candidates of isotopic

distribution.

38 S e ki)



d)

Intens.
o4

5] 20183

44

34

24

1180
] BT
21851
0 T T T T T T T T T T
7 Vi m %0 il vir i) 24 % 26 iz

measure m/z |# Formula m/z Error[mDal] | Error[ppm]
266.1668 1 C16H25CIN |266.1670 0.2 0.7

Figure 5 Isotopic distribution results of sildenafil, vardenafil,
tadalafil, sibutramine and its two analogues. d) Sibutramine
isotopic mass spectrum and candidates of isotopic

distribution.
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e)

Intens.
X104

2661668

254

204

2681653

054 1AM

A O

% % ® % % m ok

measure m/z |# Formula m/z Error[mDal | Error[ppm]

280.1838 CI7H27CIN |280.1827 -1.1 -3.9

—_

Figure 5 Isotopic distribution results of sildenafil, vardenafil,
tadalafil, sibutramine and its two analogues. e)
N—desmethylsibutramine  isotopic  mass spectrum  and

candidates of isotopic distribution.
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f)

Intens.
o
2521518

204

2841487

051 293155

25152

00 T f T T T T T
P 52 23 254 25 28 miz

measure m/z |# Formula m/z Error[mDal] | Error[ppm]
252.1518 CI15H23CIN  [252.1514 -0.5 -1.8

—_

Figure 5 Isotopic distribution results of sildenafil, vardenafil,
tadalafil, sibutramine and its two analogues. f)
N,N—didesmethylsibutramine isotopic mass spectrum and

candidates of isotopic distribution.
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3. MS/MS fragmentation

59

Isotopic distribution® 2% F&etA #xAS F48 E F ¢le
w420l A 4 AW Wil e IM+HITE gRlsta I
A8l mass fragmentations AT 7]Ee]  LEA
fragmentation®®"* ™3} Hlwsted 7 EZo] RF  sildenafil,
vardenafil, tadalafil, sibutramine, N-—desmethylsibutramine,

N,N—didesmehtylsibutramine 92 <213}l t}. (Figure 6)
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a)

Theo.
Theo. 3771218
283.1189 oH
Theo. |
311.1503
|
Intens - 1
x10% \ |
2831199 “
15 \ |
|
104 “
|
3111511
054
{ ' 4752104
99.0913
2551168 3771257
| ywit O O el 1
200 250 300 350 400 450 miz

100 150

Figure 6 Mass fragments of sildenafil, vardenafil, tadalafil,
sibutramine and its two analogues. Collision energy was 10

eV except for sildenail and vardenafil. In case of sildenafil

and vardenafil, 30 eV energy could obtain a fragment for

identification of the structure. a) sildenafil and its predicted

fragments mass
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b)

Theo. ©
299.1138
‘N

N
(0] N
(]

\ Theo.

\ 329.1608
| Theo. \ —
151.0866 Theo. :
3 9 169.0971 3121584

Lo
HN/ \N tNH
e

169.0974

151.0873 |‘
0 L

2991150

3761075
3441484
284126

3291611

s " o dlg, " "

150 200

Figure 6 Mass

sibutramine and

250 300 350

fragments of sildenafil, Var(iuenafil, fsédalafil,

its two analogues. Collision energy was 10

eV except for sildenail and vardenafil. In case of sildenafil

and vardenafil,
identification of

fragments mass

30 eV energy could obtain a fragment for

the structure. b) vardenafil and its predicted
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c)

Intens.
x1044

Theo. 240.1131

Theo. 268.1080

0.8

064

044

024

35.0399
0044

T
150

— T
175 200

2401110

T

L

lll

2681098

L

3881588

302.0864

Figure 6 Mass fragments of sildenafil, vardenafil, tadalafil,

+
250

'
275

i

T 1 T
300 325 350

sibutramine and its two analogues. Collision energy was 10

eV except for sildenail and vardenafil. In case of sildenafil

and vardenafil,

30 eV energy could obtain a fragment for

identification of the structure. c¢) Tadalafil and its predicted

fregments mass
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d)

Intens,

x4 /
1250157
®
o]
@
139.0317
44 . .
Sibutramine o
2
153.0462 2801838
‘ - 139 miz 125m/z
971001 1091016
165.0470
, : N Y o i
100 120 140 160 180 200 2] 20 260 20 miz
IMQ!’?6
x1
1250157
\ .
20
y N-desmethylsibutramine
1390319
10
Cl
0s 1530442
1730844 2661681 153 miz 165m/z
o706 1091019 T ‘
00 i s | I | L
100 120 140 160 180 200 20 20 260 20 miz
Intens.
X104
1250162 1390321
150
15 " " .
N-didesmethylsibutramine R1
100 h‘
\
075
1530467 R2
050
2521530
0254 971009 1081002 179.0843 Cl
1650500
000 i | 1\ In | =m I
140

100 120 1 160 180 200 20 240 80 mz

Figure 6 Mass fragments of sildena?ﬂ, vardenafil, tadalafil,
sibutramine and its two analogues. Collision energy was 10
eV except for sildenail and vardenafil. In case of sildenafil
and vardenafil, 30 eV energy could obtain a fragment for
identification of the structure. d) sibutramine, its two

analogues and their predicted fragments mass
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e ogg=Ee A4 R AR #s S8 TeRled BE

0.9904 o]Aolgitt. AAA WHMYE 2 — 40 xg g to]glen LOD

St Inter—day 9} Intra—day

JolETEAE Tl Tekler, 6

Mol setEe] A3 RFE Table 3¢ 7|AeY 1 AEA == 7+

Compounds LOD (ng/g) LOQ (ng/g)

Sildenafil 0.44 1.35
Vardenafil 1.25 3.80
Tadalafil 2.00 6.07
Sibutramine 1.78 5.39
N-desmethylsibutramine 1.50 4.55
N,N-didesmethylsibutramine 1.92 5.84

Table 2 LOD and LOQ of the

six compounds.
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Known ] Variation (RSD %)
) Concentration
concentration (ng/g,mean +S.D) Intra-day Inter-day
(ng /g)
Sildenafil
2 21 + 0.1 14 2.7
10 n.d. 2.0 4.2
20 205 + 0.8 1.7 3.3
40 40 £ 15 2.6 2.9
Vardenafil
2 23 +03 39 8.3
10 n.d. 3.8 4.4
20 20 + 09 1.0 3.4
40 40 £ 1.3 1.8 3.6
Tadalafil
2 22 £ 02 8.6 3.6
10 n.d. 5.1 4.2
20 20 = 1.7 4.0 2.0
40 40 + 2.0 2.2 3.9
Sibutramine
2 2.1+ 0.2 7.0 3.4
10 n.d. 4.3 3.8
20 20 £ 211 4.0 2.0
40 40 + 3.3 2.6 2.5
N-desmethylsibutramine
2 20 + 0.1 4.4 55
10 n.d. 6.0 3.7
20 20 £ 2.1 5.8 5.7
40 40 £ 3.3 2.6 2.5
N,N-didesmethylsibutramine
2 20 £ 02 11.3 12.8
10 n.d. 59 9.8
20 20 £ 1.2 6.3 6.7
40 40 + 2.1 3.6 5.0

Table 3. Accuracy and precision. n.d., no data
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5. AA A& A&

50708 AAE=ANEFS AU AFS 8 sl sildenafil,
vardenafil, tadalafil, sibutramine, N-—desmetylsibutramin,
N,N—didesmehtylsibutramine®l] o3t 415 AAlstict. 1 A
3F9 AARZAFAA tdEHe] HEFHUT 11.1 mg/ unit,
47.8 mg/ unit 2] tadalafil®} 9.4 mg/ unit2]
N—desmethylsibutramine®] A&%¥ AGRXANES BF s
B2, o= 7M W=7 g3 MU irdetr] wZoletar Az
t}. (Fig 7)

HE A85E 93t tadalafil®] T 10-20 mg Alelel] $1As5h=
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Tadalafil 11.1 mg/unit

Tadalafil 47.8 mg/unit

N—didesmethylsibutramine 9.4 mg/unit
Figure 7 Adulterated supplements among the collected 50
supplements. N-—desmethylsibutramine and tadalafil were

detected.
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Part 2. SPES®} ¢A4¥ DLLME-SFOE o]&3h

sildenafil®} 71 fAEA ¥4

e

1. Ton pairing chromatography s o] &3 £ A

i
M
&
%
o
h)
A

| W&ol ion—pairing chromatography®E A}-&3}
o AT 7 ZHA (MFE ARE m/z)E 7HAD e A
T 9= LC-MS¢h= w27 wie] LC-UVE A3 4]
B W E = peake]l W& FHbel §lth o] peaksd AA AR
peako] HAE= A= FHAsEr]  flske] o714 E sodium
hexanesulfonate® ion—paring reagent@ AFE3}t}. Fig 89l A
B 7 Sl%°] sildenafil?t 5709 frAb=EAE0] % baselineol| A #

w20l 15 min o) et 2% BT 4 k.
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.l WJA Uuuww

T T T T T
5 10 15 20 25

Figure 8. UV chromatogram of sildenafil
analogue. 1— acetildenafil 2-sildenafil 3—

4—udenafil 5—benzylsildenafil 6— thiosildenafil
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2. SPE & A3}

DLLME-SFOE 3}7]al MZel Q& &l 54 ¢+ 130 ¥

M

2% o %A717] Slste] SPES Alwait. @o] A4
SPE cartridge®! C18% 7FA]aL A&=3] Htor 1

2

o

FEoHA Xofkal W peaksol UER FA AT Ao

il

bttt A7t 2 ¥ DLLME-SFOlA @e #3&E Qldto]
DLLME—-SFO& o A/gdsojof ot W&ol AAHHA Xohe A
A% B, T894 Cl8XHtY Y Y2 cartridgeE FW F
WatersAbe]  Oasis MCX cartridgee] F2&tA HAct. o]
cartridgex mixed—mode® Ay} oFolL w3 FZRwnEIHIE

FAol AT 5 Ut 34
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a)

Figure 9. UV chromatogram before and after mixed mode
SPE-DLLME-SFO. a) UV chromatogram before mixed mode

SPE-DLLME-SFO
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b)

UmMmL

T
10

Figure 9. UV chromatogram before and after mixed mode

SPE-DLLME—-SFO.

b) UV chromatogram after mixed mode SPE—DLLME—-SFO
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3. DLLME—-SFO ## 3}

AHE¥E DLLME —-SFO W& FHAgstr] Sletel 5 &,
dispersive &4, &8¢ <, +&4 pHE M T3 24
o% Aot HAgleV R slom, FHAstd w AEE AREE
enrichment factorghi= A& ©]§3s}3lth. Enrichment factore 5

29 0eo 55/ Ag sEett Aow Atedl

B ZHG HFo] Fopof s, Foll & =X efofof dhal, ==
Hol g ZAoof s, Y =H &

bk lo]ofof

22570 4
Foh. 193 AL EE dispersive £9]9F & Aojo} ahi guofo}

1104‘

3Ht}o8 o)) sl &l 1—dodecanol, 2—dodecanol, 1—undecanol,
hexadecane, cyclohexane 50 L& 1 mL MeOHE 7}X 1
DLLME-SFOE Al&=stgity. 29 ol =52 5 gl A7)
Ay =), hexadecane MeOH <} Xo] A FE
cyclohexane® 1-octanol> +H 9= HAE W&o] *F& F=
dow Qs mASHA  Fete] AL aHA A
1—dodecanol, 2—dodecanol, 1—undecanol= o=
enrichment factorg Z743lth (Fig 10). 37k &v] FolA A

AHozr S Hol F AL 1-dodecanol¥}

o

FE =

flo
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1—undecanol®] 1 oY 1 % sildenafil, udenafil, benzylsildenafil
N ¥ Y& &&S HoF 1-dodecanols AME3HZ|Z ST
Dispersive €M Z+ 1mL2 MeOH$®} acetons 7FA 1 Al =38}

4], MeOHe] DLLME—-SFO®¥qt ofyz}l 14 AMZ U sildenafil

s

7 FAEAS FEISEUE 52 FF 285 HoHU] wi

MeOHE AH&-38t7]12 &Flth. Z18]a acetone] SPEelA ARE-sfiof

=

9k 8hi= ammonia$} oA WEEEto] WEEES WHEE Zlo] ¢

AA LA 72 FTeT,
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E3 Acetildenafil

Homosildenafil
Sildenafil

Udenafil
722 Benzylsildenafil

3
(=]
(1

Thiosildenafil

NW

Yl
AN

iz
ANMNINNNNNNNNNNNNNNNNN

200+

1504
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Range LOD LOQ
R? value

(ng mL™) (ng mL™) (ng mL™)
acetildenafil 10-100 0.9993 7.5 10
sildenafil 5-100 0.9984 2.5 10
homosildenafil 5-100 0.9964 2.5 10
udenafil 5-100 0.9990 2.5 10
benzylsildenafil 5-100 0.9988 2.5 10
thiosildenafil 5-100 0.9978 2.5 10
Table 4. Linearity, R? value and sensitivity of current
method
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Intra—day variation Inter—day variation

Low Medium |High Low Medium |High
acetildenafil 2.5 0.3 5.4 6.0 9.9 9.4
sildenafil 2.9 0.5 3.9 4.8 1.8 8.8
homosildenafil 1.8 0.2 4.3 9.0 3.1 9.1
udenafil 1.4 0.7 5.2 8.5 2.3 9.1
benzylsildenafil 1.1 2.1 5.7 7.2 2.8 9.3
thiosildenafil 1.8 0.2 4.9 5.5 2.2 9.4

Table 5. Intra— and inter—day variation of the proposed

method evaluated at three concentrations. Data is shown as
% RSD (n = 3). Low— 5 ng mL !(acetildenafil— 10 ng

mL™Y, Medium— 20 ng mL~!, High— 50 ng mL™!
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Ingredients Contents
Tocopheryl acetate 20 mg
Ascorbic acid 772.2 mg
Folic acid 250 ng
Thiamine nitrate 25 mg
Riboflavin 12 mg
Nicotinamide 100 mg
Pyridoxine hydrochloride 10 mg
Cyanocobalamine 12 mg
Calcium pentothenate 30 mg
Zinc sulfoxide 65.97 mg
Dry yeast containing selcium 37 mg

Table 6. The declared content of multiple ingredients in

dietary supplement as matrices
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Figure 12 Effect of extraction using SPE coupled with
DLLME-SFO a) The chromatogram of 5 xg mL~! standard
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Figure 12 Effect of extraction using SPE coupled with

DLLME—-SFO b) The chromatogram of added 20 ng mL~!

solution after SPE-DLLME-SFO
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Formulation Dosage Detected Compound

compound amounts
Tablet 1 500 mg sildenafil 10.8 mg/unit
Capsule 1 500 mg sildenafil 46.2 mg/unit
Capsule 2 1000 mg sildenafil 37.2 mg/unit
Tablet 2 500 mg sildenafil 13.1 mg/unit
Pill 800 mg sildenafil 20.9 mg/unit
Capsule 3 1000 mg sildenafil 41.4 mg/unit

Table 7. Detected commercial dietary supplements by the

developed method
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a)

Figure 13. The Chromatogram of other adulterated
supplement supplied in china using SPE—DLLME—-SFO.

a) Pill formulation
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Figure 13. The Chromatogram of other adulterated
supplement supplied in china using SPE—DLLME—-SFO.

b) Capsule 1 formulation
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c)
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Figure 13. The Chromatogram of other adulterated
supplement supplied in china using SPE—DLLME—-SFO.

c) Capsule 2 formulation
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Figure 13. The Chromatogram of other adulterated
supplement supplied in china using SPE—DLLME—-SFO.

d) Tablet 2 formulation
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Figure 13. The Chromatogram of other adulterated
supplement supplied in china using SPE—DLLME—-SFO.

e) Capsule 3 formulation
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Figure 13. The

Chromatogram of other

supplement supplied in china using SPE—DLLME—-SFO.

f) Tablet 1 formulation
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Abstract

ROH Si Hun
College of Pharmacy

Seoul National University

The drug adulteration of dietary supplements was very
dangerous effect for human health.

In part 1 of this study, a simultaneous method was used to
examine three synthetic PDE—-5 inhibitors (sildenafil,
vardenafil, and tadalafil), sibutramine and its two major
analogues (N—desmethylsibutramine and
N,N—didesmethylsibutramine) using ultra performance liquid
chromatography (UPLC) coupled with quadrupole time of
flight mass spectrometry (Q—TOF MS) in dietary
supplements. This approach using UPLC/Q—TOF MS showed
the high accurate mass of six compounds for identification
and short run time. Accuracy of this method was from 87%
to 113% and precision was less than 12.8%. The limit of

detection and limit of quantification were between 0.44 ng/g
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and 2.0 ng/g and between 1.34 ng/g and 6.07 ng/g,
respectively. This method allows easy and fast analysis and
detection of diverse adulterants.

In part 2, the solid samples were first extracted by
methanol, and then cleaned up and pre—concentrated by solid
phase extraction along with dispersive liquid—liquid
microextraction based on solidification of floating organic
droplets (DLLME-SFO). Factors influencing the extraction
efficiency were optimized, including the type of SPE
cartridge, the pH of extraction environment, the type of
extraction and dispersive solvents, and the volume of
extraction solvent. Under the optimized conditions, the
method was linear over the range of 5—100 ng mL™' for
sildenafil, homosildenafil, udenanfil, benzylsildenafil and
thiosildenafil, and 10—100 ng mL~! for acetildenafil with R?
higher than 0.996. Intra— and inter—day precisions

expressed as relative standard deviations were less than
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5.7% and 9.9%, respectively. The limits of detection were
between 2.5-7.5 ng mL™'. The developed method was
successfully applied for the analysis of sildenafil and its five
analogues in complex dietary supplements using a basic

LC—-UV system.

Keyword:  Adulteration, PDE-5 inhibitor, Sibutramine,
UPLC/Q—TOF, Dietary supplement, Dispersive lilquid—liquid
extraction

Student number @ 2006—21967
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