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2 % & d7e €F F FeiHigol|=e Skl FF2 flete] LC-ESI-MS/MSE )83 AlEA 9l
= el g PFsud FPs WEEFEE WIEees 3
7Fet &3S methyl tert-butyl ether MTBE)E AR8-3le] A 4521 (liquid-liquid extraction, LLE)S. 2 &
Z319 ok LC-MS/MS2] o]2 R =04 MRM (multiple reaction monitoring)"'H .2 2138l FE}2H|2}
ol=o} WS 2 E}=2] mass transition ZHF m/z 529.6461.5, m/z 40933912 ©]om, HEF A7k
& 747}t 6458, 54650k AL 05300 ngmLe] FE WA R>=0.9999¢] H& XS
ERRlom, e oF 3182 217t 0.5 ngmLot 66~72% 1At el thet L EE 3.5-55%, &
= 85.7-89.9% W0l o, 14 37 R AT AU EE 42~5.8%, H = 90.8-95.8% ©IAT
Abstract: The determination and confirmation of dutasteride in human serum was performed by a liquid
chromatography-electrospray ionization tandem mass spectrometry (LC-ESI/MS/MS). Beclomethasone as an internal
standard (I.S.) was added to the serum and the mixed sample was pretreated by liquid-liquid extraction (LLE) with
methyl zert-butyl ether (MTBE). The mass transitions of dutasteride and I.S. monitored in multiple reaction monitoring
(MRM) were m/z 529.6—>461.5 and m/z 409.3—391.2, respectively, and the retention times were 6.45 and 5.46
min, respectively. The calibration curve was linear in the concentration range of 0.5~30.0 ng/mL (R*=0.9999) and
the limit of quantitation (LOQ) was found to be 0.5 ng/mL. The recovery of dutasteride was shown to be 66~72%.
The intra-day assay precision and accuracy were in the range 3.5~5.5% and 85.7~89.9%, respectively, and the inter-

day assay precision and accuracy were in the range 4.2~5.8% and 90.8~95.8%, respectively.
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SFEF2E| o] = (dutasteride, Fig. lay= 4-OFAFE|Z
O] = (azasteroid)A] FISIFEZE 5-o-reductase TA2] &
& AAAA G 2R H 2 E2H E(testosterone)
oA t]slo] =2 |2~ E 2~H| £ (dihydrotestosterone, DHT)
o 28] YALS AAIGT FEIAE g = ol RO E
(Avodart)2He o] 0.2 2001 0] 1] 4 E o] okt
(FDA)IA A7 A Bt (benign prostatic hyperplasia,
BPH) A AR SEHY e, 2 F AP HF&
H|Z3le] Al FAENAA E3] HAs= 3
8 2 Z(lower urinary tract symptom, LUTS) 2
]3] @5 ZF(male pattern baldness, MPB)S ] 5.3}
ol 27 JE Aoz BuEy ik
frAkSE oF2] 7115 vER Bl FDAOIA A9
vt 5 X SA(Proscar, 1992 d)9} HAE @23 X8
Al (Propecia, 19971)Z 25 5¢1 w2 U2 glo|=
(finasteride) 7} 5-o-reductase & 42| Type 2 isoenzymet
& Agzow A A7 vl8), FEtEE S| =
Type 13} Type 2 isoenzymeS SA A 7]= Ao
2 4eA Ak 3 gvsEgte] =9f FERAH g
=9 53E Hwdle 22 AFEAAE FuhzH e
o= Wt} FElAHEIO| =7} S-oreductase A4S T &
FH o7 AAshe Aow Wyl glon, 53] FE
2Egto| =7} wubE|glo] =R T} Type 2 isoenzyme)
A8 3 o ZAAF] L Type | isoenzymeS 1004
I:_] i]_]:/l_/\] Zlq_l E.:_]__’_é‘]':_]__’_ a}]\q_. 6-7, 10-12
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a2} FEREEH ol = AR AFET ofd
oS0l UolA bHAo] Y=o AR efrt. wuk
olyzl 7333 YA S22 DHTZ S H3HE A3
&t7] w&ol FEtEEH o= mEE AR 3R}
Hlols A7) 713 AHZ el wAE = e
), mEtA 2l FolAY Al 7hsAel e oA
< FEREHZo| =9 58 ¥ FERAHEolE dF
A& &S AUtof gt g dRje]do] ] g
A} A Q1 5-g-reductase Type 2 232 H-#-go]
B 4 lom, A FAEY AS AT =F Al
Wl BT, 4S04, A B 9488 S

we] FaLgo] Lhehd 4 glek H g0l Feke

go|= o] Pl Bl YA FolAY YA s
Hol Qi AN 9F2 Z 5 7] WEA Tk
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Ramakrishna et al. (2004)7° 2]l & 7 (Plasma)ll A
LC-MS/MSE o] &3+ 24 o] A& 47l | ¥ g
241 (Tamsulosin) 22 &3F 24l (Alfuzosin) 2] FA]
Aol AEHYE B A9 FErEH =
o] FEAL wu|gk FFolH, FUlo] A AW
o] Ae] gEo] A B AA ot BT
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2.4 #
2.1, A
E Ao A AHRE FEF2E|Eo] 5(99%, Fig 1a)
EFEE I W ZF 2 ERE(99%, Fig. 1b) WH-EFEZ
o 7}7b AKSGiAHCA, USA)S} Sigma-AldrichAK(St.
Louis, MO, USA)A| &S A3, 158 % (human
serum)<> PAA LaboratoriesAH(Colbe, Germany)A| & &
AHE-SFATE LC-MSMS 4 o] AME-SF =& &=
HPLCH ke Sl E ARSI, o EHE- S
MerckAHDarmstadt, Germany), W€ 2 23} 7jju| 2t
(formic acid) 72} J.T. BakerAh(Phillipsburg, NI,
USAAIF& A3ttt AAG FE2HAA AHEH
methyl tert-butyl ether MTBE) 2 EMFZ-E(K,CO5)E
Z}7} Sigma-AldrichAKSt. Louis, MO, USA), WakoA}
(Junyaku, Japan)#l &S ARE-3FSI Tt

Fig. 1. Chemical structures of (a) dutasteride and (b) beclo-
methasone (L.S).
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22. 7171 ¥ HA
NFEENS Yair AFEE LC-MS/MSE Agilent

1200 Series HPLC (Agilent Technologies, Palo Alto,
CA, USA)®} triple quadruple 812 2241 7] (API 4000,
Applied Biosystems, USA)Z T3E A& AMHE-3FST
HPLC Z# 2 Imtakt Corporation*HKyoto, Japan)<]
Unison UK-CI8 column (2 mm idx 75 mm length, 3
um particle size)S AR5} Th.

A5 dA el AM8¥ d4E2]7]+= Beckman
CoulterAH(Fullerton, CA, USA)9] Allegra 6R<S A}&-3}
3L, vortex-mixer= Scientific IndustriesAH(Bohemia,
NY, USA)2| Vortex-Genie 25 AF-&-3}1 Tt} Shakere
IKA LabortechnikA}(Staufen, Germany)<] HS 250 basic

< MM A, HAaEEF7]E ZymarkAHCA, USA)S
Turbovap® LV evaporators A3} T}

23. MWy

231. EE3Mo| M=

%E}*EﬂﬁME E%EL W ghgol] o] 1000 pg/
mL7} H =5 23U (stock solution)yS A Z3A F

L& 200, 100, 50, 20, 10, 2, 1 ng/mLe] ¥%7} &
T8 SR AR s ste REENS Alxs)
Stk WREFF] WZ2wEhEL e 5o
1000 pg/mL7} |25 FFAH S A & e R
F431e] 100, 50 ng/mLe] FFE-NE AZs}ATt

Table 1. Experimented conditions of LC-MS/MS

o145 - BN - BT - AU - AAA - AEA - gl - 0BT

- o)t

Human serum 200 pL
+ Internal standard 20 L

1 Vortex 30 sec

| Add to ACN 400 L |

Add to MTBE 5 mL + K3CO3

}_’ Vortex 30 sec
Shaking for 20 min

Centrifuge (3000 rpm, 10 min)

l Vortex 30 sec

| LLE (Liquid-liquid extraction)

l Organic layer |

]

Evaporate to dryness
(at 30 C under N; atmosphere)

v

Dissolve 100 pL of mobile phase
(ACN:0.1% formic acid, 97:3, v/v)

l Vortex 30 sec

| Micro-filtering (0.45 uL) |

v

| 5 pL Injection for LC-MS/MS analysis |

Fig. 2. Schematic diagram of the sample preparation.

232, A|lZET 2 Az
AEE -70 °CollA W5 Hasie
=3} % A},Q.—g}.odq_ z‘sﬂ% 200 uLo{
HIE2vElE) 20 uLE 7hske] 2 4
30 sec), S EUEZ 400 uLE ¥
’\]zi‘:]' 7)o ebZ-ES 7H3t & MTBE 5 mLE
T 2087 ks, 3000 rppmoll A 1087 A4 B

=

3] slo] F5 S FH 3 5 N, evaporator (30 °C)E ©]
£35te] AxsAc A1 ES LC-MS/MS £414 o]

LC conditions

HPLC
Column

Agilent 1200 series

Column oven 35°C
Flow Rate 250 pL/min
Injection 5 uL

Unison UK-C18 (2 x 75 mm, 3 pum)

A: 0.1% formic acid in water, B: acetonitrile

Mobile phase
(6.1 min) — B 10% (11 min)

Gradient: B 10% (0 min) = B 10% (1 min) = B 97% (4 min) = B 97% (6 min) = B 10%

MS/MS conditions

MS/MS API 4000 Curtain gas (psi) 10
Ion source ESI Collision gas (psi) 5
Detection mode Positive ITon spray voltage (V) 4500
Source temperature (°C) 300 Declustering potential (DP) (V) 90
Dwell time (ms) 150 Entrance potential (EP) (V) 10
Ton source gas(gasl) (psi) 25 Collision energy (CE) (V) 46
Ton source gas(gas2) (psi) 50 Collision cell exit potential (CXP) (V) 13
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573 100 pL2 =9 & 42 F(vortexing, 30 sec),
micro-filtering (0.45 uL, PTEE)3dle] LC-MS/MSel 5
pLA FQ)ste] 413k th(Fig. 2).

233. 7|17|18M =A

A2 #EE v NS Table 19149 22 7]
7184 2740 LC-MS/MSZ o] &3l 14]3}9] T}
B2 & Unison UK-C18 column(2 mm idx 75
mm length, 3 pm particle size)S AN, o] &4
2 0.1% 7Helike] X3HE F8A 7 o EYE-]Y]
o 7]27] &2 (gradient elution)S AH&-3}e] 250
pL/min®] §402 FA43K3ch 4449 o8 &
T 35 °CR 4 skt

HAHES 93 MSMS B4 Zx714& A7 R Fo]
o

rffo

st
(electrospray ionization, ESI) W4]-& A &]3} 2 o]
2(+) EE=94 MRM (multiple reaction monitoring)
WHE ARSI ERVIAE AV E AMEES
S m 23 300 °C, ion spray voltagei= 4500 VO] 1 Th
718t MSMS 4] 32Fe| Bl = declustering potential
90V, entrance potential 10V, collision energy 46V,
collision cell exit potential 13 VZ A4 3} £-25}9 T},

Ol
O

24. EMUHol MEM AT

AA A FEAR W]y o)A 9 Bioanalytical Method
Validation °f] we} Be]vo]dE Fa)ste] EAHH 9
AFHe GRAT? AFFALOQE AT
(signa)t FF=-(noise)P]&°] 100]73S 7o 2 A4
Sttt FEREE|Eto| =0 AR A8 FFEAIEY
(0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 30.0 ng/mL)S A| E7 ]
2 W sdeA Alste] skl 53] s F
AFAE A8kt FErEEEel =9 QC A &&=
AFd A 5 HIAE 7IELE ATE, 55,
7} 15, 12,0, 24.0 ngmLe] FE2 ko] A]
2 W FLEA el AEE 59 A
W < = (precision), g &= (accuracy)E T

Aol 397 4L FAse] A7 FUE,
=

3.1. LC-MS/MS AmEZ

83 F FElzH =9 48 I3t LC-MS/
MSE A3 2, B2 AL Table 191 YERY ST
FElzH ol =9 YR EFEEZQ v F 2 el
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Fig. 3. Electrospray product ion mass spectra of (a) dutasteride
and (b) beclomethasone (I.S).

o ol &(+) REoA QI
, NS EA L mz [M+H]
dFete J3E st & A 3k (quantitative
optimization) 78S 3 3Fe] o] 2(precursor
ion) @ A A o] &(product ion) &l 2 4
3, FeEb2EHEgO|EE miz 529.60m/z 461.5, WE-F
FEAQA WIFEWEFES mz 4093->m/z 39122

S = A th(Fig. 3).

3.2. MEYy

Blank A 89} A AFTA 9 FEE Frsle] &
Aol wel AA 2] e 3 LC-ESUMS/MSE £4
ale] Jo ARMETRS Fig 49 YERIATE Fig.
4(2)¢] WE-EFZEZ T 2= blank AlEoHE WHE
F2H NEREES 546N HAEEHAoH
FEfZEH | = AEE A %k, ¥ 0.5 ng/mL
559 dutasteride A B = FEFEEH|EO| =7 6.45
el o2 E23e 1M glo] HEsA E2lE o
A& YR ATHEFig. 4(b)).
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Fig. 4. Chromatogram of (a) blank (drug free spiked with internal standard) human serum and (b) 0.5 ng/mL spiked dutasteride
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Fig.
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5. Linearity of the standard calibration curve of dutasteride.

R

ﬂoﬂ*i ’\7‘-47““-1‘ (Rz) 099994 o A
3 THFig. 5).

xo-lgll-E, xc-lnlc
0.5~30.0 ng/mLe] FE=W oM AAZE AFA A
g9 9y AL E+= ¥HE A S (coefficient of variation,
CV)7t 24~-8.4%= AAAZEAY W dlo]d 719]
W20 15%E sl o, A== 92.5~103.8%
2 AANEEAY Ztold 29 80~120%F T3
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Table 2. Precision and accuracy data of backed-calculated
concentration of calibration samples for dutasteride
in human serum

Spiked Conc.  Mean= SD *Precision ~ **Accuracy
(ng/mL) n=5 (%) (%)
0.5 0.48+0.04 8.4 92.9
1.0 0.92+0.07 8.0 9.5
2.0 2.01£0.07 3.6 100.6
5.0 5.19£0.18 35 103.8
10.0 9.95+0.24 24 99.5
20.0 20.01£0.59 3.0 100.1
30.0 30.04+1.04 3.5 100.1

* C.V=STDEV of measured concentration/Means of measured
concentration
** Accuray = Measured concentration/Spiked concentration

Table 3. Precision and accuracy for the determination of
dutasteride in human serum

Spiked Inter-day (n=5) Intra-day (n=3)

Conc. Precision Accuracy Precision Accuracy

(ng/mL) (%) (%) (%) (%)

1.5 52 85.7 5.8 90.8
12.0 5.5 89.1 42 92.2
24.0 3.5 89.9 5.8 95.8

tH(Tuble 2). zjaw A Tr W9E J)Fog xﬂ 7}
A FEATE 1.5 ngmL, TF

T 240 ng/mL)ﬂW Alg A J‘?éﬁ % o}ﬂl s
Fol A9E& Stﬂ HHEL Alleﬂ ahed %L
85. 7~89 9%
Olﬂérf: ‘ﬂ—#S}ME}(Table 3). F Al 7H] s A
¥% 15 ngmL, 255 120 ng/mL, 35 % 24.0 ng/
mL)ol A AAE AU, d7F A HEA S} 7
7} 3.5~5.5%, 42~5.8%%2 AYAA EEAE Wa]d ol
7VolA 28] 15%E W1 TH(Tuble 3). ©14e] A
2 FEZH o= g & ‘““?;% A& ol &
g Aol A&7 T AL AGEE 7}

=

1‘416& Fa4& AFs] St g
= 7A7] A3 Fo] FERH el =

o WHEEEH Y va dAuE Vst s

(%0)2EA F3tom 1.034 20.0 ng/mLe] FEIAM 5

43 8L 65.6%F 724%°] S 7 HERS

Ay
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Table 4. Recovery of dutasteride from human serum
Spiked Conc. (ng/mL) Recovery (%)

1.0 65.6
20.0 72.4

TH(Table 4). Ramakrishna et al.(2004)7¢] 723
(40.7%)} ¥ ste] =2 35&S JeERAT

4.8 E

2 ApdXe 84 F FeERZEH o= HHE ¢
st} LC-MS/MSE ©] &3t %* HE ggatalon, o
Ao gigh deu|o]dS ISt FERE| g
o] A9} 3&-2 22t 0.5 ng/mL, 66~72%°)
23, 0.5~30.0 ng/mLe] FE=H A HFAe o4
g A (R?=0.9999)S YERNATE Wi &
A e LC-MS/MS E4He 83 %E}
ghol= 9] eyt gelof AHed F
of AeA, AAd 2 A=) Hd
Aoz AMEEHY, gl o3 A
2 EFHY Ue FEd FEZH S| =9

& A8E 5 S Zle= ZdiE

>3
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