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g 200032)
X 200063)
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( LTQ-Orbitrap) o Ultra

IBD 20 mmol ( 0.1% ) (70: 30 V/V) LC-MS/

MS ; PLRP-S 0. 1%

(A) ( B) LTQ-Orbitrap . 5~

1000 pg/L 81.3% ~103.3% RSD 10% 1.0

ug/L; 5 N' N- (M1) N- (M2 M3)

(M4) N- ( M5) M3 M5
1

( Sildenafil) “ 7 o
o 1998
1

(HPLC) *™* . - (GC/MS) ° . o, - (LC-

Ms) ¥ - (LC-MS/MS) ° ', " HPLC
() . .
( NMR) . .
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13
( LTQ-Orbitrap) N N N
ete ( LC-MS/MS)
; LTQ-Orbitrap
2
2.1
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*  E-mail: zhuoxianyil26@ 126. com



1094 39

Agilent 1100 Agilent 1100 API4000 ( Applied

Biosystems ) ; Finnigan Surveyor ( Thermo Fisher Scientific )
( Thermo Fisher Scientific ) o
( Sildenafil ) 100 mg o ( Doxepin

Cerilliant ) . . ( HPLC Fluka ) o
2.2

(D 10 mL 1h
100 mL 1.0 g/L 10 0.1 mg/L - (2

1.0 g/L 20 u. 10 mL 2 mg/L o
2.3

2009 11 “ "

o . -20 C o ( N )

1.0 mL 5L (2mg/L) 1 mL (pH9.2) 3 mL

2 min 1650 x g 3 min 60 °C 0.5 mL 200 pL

o

2.4 LC-MS/MS

Ulira IBD (100 mm x2.1 mm x5 um Resteck ) Phenomenex
(4 mm x2 mm) , 20 mmol /L ( 0.1% ) (70: 30 V/V);
200 pL/min; : : 5 Lo
( ESI) 5.5 kV; 450 C; 1(GS1):
241 kPa; 2( GS2) : 276 kPa; 172 kPa; ( MRM) ; 148 kPa.
/ l.

1
Table 1  Analytical parameters of sildenafil and doxepin ( IS)

Compound Parent ion Product ion Declustering potential Collision energy
(m/z) (m/z) (V) (eV)
Sildenafil 475.0 o5 80 80
Doxepin 280.3 03 50 3
2.5 LTQ-Orbitrap
PLRP-S (150 mm x2.1 mm X3 um Shropshire ) (5 mm
x3.0 mm ) . 0.1% (A)- (B) :0 ~1.9 min 2% B;2 ~5 min 20% B;
5.1 ~12 min 50% B; 12.1 ~20 min 2% B, 200 pL/min : ; 5 uL.
4.5 kV; 275 C; 9V;
65 Vo :7.5 L/min; :1.5 L/min; :HCD (45%) ;
(<1x107° (M, 194) MRFA ( My, 523) Ultramark ( M,
1022 ~1922) ; FTMS 60000
7500; : m/z 300 ~800.
2.6
LTQ-Orbitrap MetWorks™1.1.0 ( Thermo scientific)
M+H *

( RDB ) 5
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x 10~ amu

tier 5.0 ( Thermo scientific)

3
3.1
2.3
( ) la;
Sug/L 2.3
1b; lc
3.2
1 mL
5 25 50 100 500 1000 pg/L 2.3
LC-MS/MS o
(pg/L)
ty =0.00434x -0.0148 r =
0.9972 2, 5 ~1000 ng/L
pg/L
5 uL (S/N =3)
1 pg/L (S/N =10) 5 pg/L
3.3 .
1.0 mL 10
100 800 pg/L  + + 3
2.3 6
3d
RSD 10%
2,
LC-
MS/MS
2,
2 N

Analyte area/lS Area

Mass Fron-

a 280.3/107.2
o
B bt oo gh
475.0/58.1
-
0 1.0 20 30 40 50 60
t/min
b K 475.0/58.1
0 1.0 20 30 40 50 60
t'min
¢ K 280.3/107.2
0 1.0 20 30 40 50 6.0
t/min
1 MRM
Fig.1  Representative MRM chromatograms of Sildenafil
in blood
( Free blood) ; b. 5 pg/
L ( Sildenafil standards spiked blood samples (5 pg/L)) ;

c. 20 pg/L
standards spiked blood samples (20 pg/L)) .

( Doxepin

5.0r

y=0.00434x+—0.0148
r=0.9972

4.0F

3.0F

2.0F

1 1 L L

0.0 L w
0 200

400 600 800 1000
Analyte conc./IS Conc.

2 HPLC-MS/MS

Fig.2 Standard curves of Sildenafil in whole blood deter—
mined by HPLC-MS/MS method

Table 2 Accuracy precision recovery and matrix effects of sildenafil in human blood

Spiked conc. Recovery

Intra-day RSD

Inter-day RSD Matrix effects

(ug/L) (% n=6) (% n=6) (% n=18) (% n=5)
10 101.6 7.48 5.46 91.6
100 81.3 6.31 3.59 96.6
800 103.1 5.64 6.59 118. 1

3.4
LTQ-Orbitrap
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H "m/z475.2120( -0.422 x107°) m/z 377. 1274 311. 1499
283. 1186, o0 N—S C—S
m/z377 (M +H - C;H (N,) m/z311 (M +H -C,H,,0,N,S) MS’
m/z283  MS’ m/z 311 C,H, 3A.
1917 18 o
Data-dependent Met—
Works™1.1.0 5 M+H *
m/z 449. 1957 461.1960 461.1959 491.2063  505. 1854, Data—
dependent MS MS® o .
S N S N ( RDB) . MS®
3. 3 M3 M4
m/z 311 283 o
3 LTQ-Orbitrap

Table 3  Linear trap quadrupole ( LTQ) -Orbitrap retention times and fragment ions of sildenafil and its related metabolites

Compound Cherﬁ"ﬁﬁ“"f‘”la Re‘*’i“r‘jl‘i’r‘f) HMe  Theoretical mass Measured mass RDB Major (fjlg/f;‘)’m ions
Sildenafil Cy Hy O4NgS 12.03 475.2122 475.2113 10.5 377 311 283
M1 CyoHyo O4NgS 11.25 449. 1966 449.1957 9.5 418 392 361 311 283
M2 Cy HyyO4NgS 11.88 461. 1966 461. 1960 10.5 377 311 283
M3 Gy Hyg O, NgS 10.94 461.1966 461.1959 10.5 297 269
M4 Cy, Hy O5NgS 10.35 491.2071 491.2063 10.5 473 375 327 310 281
M5 Cyy Hyg Og NgS 15.73 505. 1864 505. 1854 11.5 487 461 311 283
Ml M+H *(m/z449.1957) (C H O N YS)
(<5x107% Ml M+H * CyoHyyO,NS” M+H *
C,,H,, O,N,S* C,H, M+H-C,H, * m/z311 283
19 M1 N N o
M2 M+H *(m/z461.1960) (C H O NYS)
(<5x107°% M2 M+H * C, H,,O,N,S* M+H *
C,,H, O,N,S* CH, M+H-CH, * M2
m/z311 283 N- 118 19 20
M3 M+H * M2
M2 m/z297 269 N-
- Walker 1
o M3 3B,
M4  M+H *(m/z491.2063) (C H O N YS)
(<5x107°% M4 M+H * Cy,H,;, O4NS* M+H *
C,,H, O,N,S* M+H+0 * M4 o
m/z 473 375 327 310 281 1 20 o
M5 M+H *(m/z505.1854) (C H O N YS)
(<5x107°) M5 M+H * Cp HyyOgNS™ M+H *
C,,H,, O,N,S* —CH, —COOH M+H+0,-H, ",

M5 M5 o M5
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Data-dependent M5 M5
m/z 487 461 m/z 487
M+H *(m/z505) 18 amu H,0 M+H-H,0 *; m/z
461 m/z 505 44 amu Co, M+H-CO, *.
m/z 487 461 MS’ m/z311 283
N o 3C M5 o
m/z 283
N +
S iy
s o N / N o 297
N B ~ 2P
M3 \ B ,_@ Q*
m/z 461 iz 260 N
3 2
Fig.3  Scheme of fragmentation pathways of sildenafil and its two metabolites
A. MO; B. M3; C. M5.
3.5
2.3 o 358 ug/Lo
2004 9 ( TIAFT) . 2
0.05 ~0.5 mg/L; o
o 22 23 105 6270 pg/L
N N N o LTQ-Orbitrap
5 o o
20 50 mg 24 h o
LTQ-Orbitrap 5 o

( LC-MS/MS) ( LTQ-Orbitrap)

\ ()

o
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Determination of Sildenafil in Human Blood and Confirmation of
Its Metabolites in Urine

CHEN Cong' > XIANG Ping" SHEN Bao-Hua® ZHUO Xian-Yi"’
'( Forensic Medicine Department of Shanghai Medical College of Fudan University Shanghai 200032)
*( Shanghai Key Laboratory of Forensic Medicine Institute of Forensic Science
Ministry of Justice Shanghai 200063)

Abstract A method was developed to determine sildenafil in human blood by high performance liquid chro-

matography-tandem mass spectrometry( HPLC-MS/MS) and identify metabolites of sildenafil in human urine

by linear trap quadropole ( LTQ) -Orbitrap. Body fluids were extracted with ethyl ether. Sildenafil in blood was

separated using IBD column with a mobile phase consisting of acetonitrile and 20 mmol /L. ammonium acetate
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buffer including 0. 1% formic acid( 70: 30 V/V) . The flow rate was 0.2 mL/min. Then the analyte was an—
alyzed by LC-MS/MS in the positive ion mode; the incurred urine sample was separated by PLRP-S polymeric
column. 0. 1% formic acid( A) and acetonitrile( B) were used as mobile phase with elution gradient. The me—
tabolites of sildenafil were aN-Alyzed by LTQ-Orbitrap. Sildenafil showed a good linear relationship over the
range of 5 —1000 pg/L( r=0.9972) . The recovery of sildenafil was 81.3% —103.3% and the RSD of intra—
day and inter-day precision was less than 10% . The detection limit was 1 pug/L. Five metabolites were identi—
fied in human urine: N-N-desethylsildenafil( M1)  demethysildenafil( M2 M3) propyl-oxidated sildenafil
(M4) and CH, to COOH sildenafil( M5) . M3 and M5 were the first reported in the human body fluids.

Keywords Sildenafil; Metabolites; High performance liquid chromatography coupled with electrospray tan—

dem mass spectrometry; Linear trap quadrupole-orbitrap mass spectrometry; Structure confirmation
( Received 19 October 2010; accepted 18 February 2011)
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