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2 o & A= LC-ESI-MS/MSE of&ate] &3 Fof subid|gte|=9] A4S gystar, el
oldE Fote B O] =S AT @Yol W REEE R 2R ERES F7HE F methyl
tert-butyl ether MTBE)S AF&-3le] M) d5-29 (liquid-liquid extraction, LLE)S.2 A 2] 3} t}. LC-MS/
MS9] ol nrofA I gle] =9} W ZZ v EF$=2] MRM (multiple reaction monitoring) mass
transition> ZH2} m/z 37323052, m/z 40933912 o]0, w5 Al7He ZH7E 5813, 546%0]SlTh
vydHgle| =9 A 0.1 ng/mLE VERECH, 0.1~20.0 ng/mLe] F% WA AFHe =
3k 2 A4 (R¥=0.9997) BRI 4 gl om, 3]4-8-2 80~83% 9l olth. TulzEgte|=o] o] o
S ATWEE 6.3~10.6%, FEE= 97.3~103.6% HLlo1RN o™, A 347 Tl e U7 AU = 0.8~5.2%,
BT 99.8~102.5%= WEFSTE

Abstract: A liquid chromatography-electrospray ionization tandem mass spectrometry (LC-ESI/MS/MS) method
was developed and validated for the determination of finasteride in human serum. Beclomethasone was used
as internal standard (IS) and liquid-liquid extraction (LLE) using methyl fert-butyl ether (MTBE) was carried
out to isolate analyte. The mass transitions monitored in multiple reaction monitoring (MRM) in positive ion
mode were m/z 373.2—305.2 for finasteride and m/z 409.3—391.2 for IS. Retention times of finasteride and
IS were 5.81 and 5.46 min, respectively. The limit of quantitation (LOQ) was 0.1 ng/mL and the calibration curve
showed good linearity in the range of 0.1~20.0 ng/mL (R?*=0.9997). The intra-day assay precision and accuracy
were in the range 6.3~10.6% and 97.3~103.6%, respectively, and the inter-day assay precision and accuracy were
in the range 0.8~5.2% and 99.8~102.5%, respectively. The sample extract recovery of the method was 80~83%.
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A YA ) Z(benign prostatic hyperplasia, BPH)-2 ]
2] 7EA] 91l oJsl] df o] HIAGH O Z AA v
Aol & 7% FlE oA He @R 50T
o]de] HAENAAN &3] WA s SoFolth! H2
FEUEE A2 gt 9 g stE Q1] Ay B
g B APAL S SUletaL e FAlelh A
HAu|thFe] A1 ol 7k BEehA B AA| &
AT A T2 Q] H| 2 E 2H| E(testosterone) 52
U] 2823 #A7} s R F5E A QU

) y2-8|2to] = (finasteride, Fig. laye E|~E2HE
oA AEe JA SE2EQI TS| ERHAEXLHE
(dihydrotestosterone, DHT)2. 2 2] M $S A 7|+=
5-a-reductase &40 S A 3= 4-0lAFLH R o]
= (azasteroid) Al /3 sFetEolth > yzH ol ==
Z 2 2T (Proscar)ZHE 0] HSE 19929l Hl=F AF
o]k (FDA)NA HEA vt T A5AZ A=A
on, vyzEgtol =9 Aele Ay} DHT 44
o] FEig AR AU’

SHA, FupiE|gte| =] A8 F FAECE HEd
o] R U= Ag B A& FuzHgol=rt ¢
438 ©@X Z(androgenetic alopecia)S *|&.3F=t] a3}
7F itte AT AT REATGST 2 5 19979
JFy2dEto]| = Z 2 A oK(Propecia)ghs Ol 2=
FDAA Hd8 8rZF ASAZ SA=EAL, A7}
A AgA vdS Y GRFY AT AEAR
g ARE-E L ATt

T e g s =<l DHTRES] Hs A3
&17] o] upaEgto]=o) eZE Ao Gt
ol &5 A2 7] o] e AHA AHefrt IS +
New, 7R Lrofel of g S0l oA Qhx o]
SgEo] A e Aotk webA Al FolAY
A4l 7Fs7dol e oA olA FupzE| o] =9 AR
alaL glom, FusdHgte|l= AEe] FES F
t 1ol AR ol Al AHE 54
2 AR JP g oA 7t 9 FE T
T A7) Wi dal FolAY A4l el

g FARAY 7FR EAE FvizdEte]
o] &£ Fsfof gt

A A goA Il 25 A Fste A
2 X% AA ARAETH T (HPLC)'CE, A A=
vl & 2 ¥ - FEAH(LC-MS)'+16, X)) A=etE
gv-aly FEFRAR(LC-MS/MS)' S, 123 9

4 o
e QE =

M0 g & & rfo
o r

o,
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S d S

% HPLCH2 £4¥]-80] A3 HEkgo] <t

A A8l ofAtZH| ZO|EE FESAL e
Zelshed B2 Al7tko]l 28HH, AETA VL

MSH-& HPLCHOl vlaf #4182 Fout, =& A
gt e, A&ste g Qs B AlRE
3 F=E e Aol HgeH, 53] LC-MSMSH
&7 B AEe BETE Boln SR @ E
ol 7hssith. 3 Tl FusEetel =] P
Al(limit of quantitation)’= HPLC 419 2] 7 19]
A 10 ng/mL7HA] TFFs F50 2 ByE 9okl
webr B AellME 7Hd7] AAelAl =88 A
T+ "oy fie] TFeA R s FE B4 ofE
2 AR Eol A H A e FuaEeto| =] B
aydoly AU B4S 98ke] LC-ESIMSMSE
o]-&3 FH o] EAHS FHstaA Syt

2.4

2.1, M<¥

E A3 ZFEHE AMEE FuUzEHEol=
98%)9F W H-EFEA 2 ALEE W ZZH ER=(99%,
Fig. 1b)& 2% Sigma-AldrichA}(St. Louis, MO, USA)
2E5EH TYsta, EFE ¥ (human serum)S PAA
LaboratoriesAH(Colbe, Germany)ZH-E 3} ch.
LC-MSMS 45 98l dad & &9l HPLCH
IrE S AMESI L, oM EYEZ S MerckA
(Darmstadt, Germany), "W&-& % ZT/F59 704t
(formic acid)> 7}7z} J.T. BakerAh(Phillipsburg, NJ,
USA) AlF& AHEsATh AAG FE2H A AHE-E
methyl fert-butyl ether MTBE) ¥ EHAHZ-F(K,CO5)E
Z}7} Sigma-AldrichAH(St. Louis, MO, USA), WakoA}
(Junyaku, Japan) A& ARSI T

(a) (b)

Fig. 1. Chemical structures of (a) finasteride and (b)
beclomethasone (Internal standard).
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22. 717| ¥ AR

B Ao AEEA S fEiA AFEE LC-MS/MSE
Agilent*H(Palo Alto, CA, USA)2] Agilent 1200 Series
HPLC®} triple quadruple &4 2 22 7](API 4000,
Applied Biosystems, USA)E AFH&-3F31Th HPLCO A}
48 Z9HELS Imtakt Corporation*}H(Kyoto, Japan)<]
Unison UK-C18 column (2 mm i.d. x 75 mm length, 3
pm particle sizeyS AHE-3}ITE.

A& AAEE A FEHE o1&, A
A1 32 7]1+= Beckman CoulterAH(Fullerton, CA, USA)
9] Allegra 6RS AFE-3} 3L, vortex-mixeri= Scientific
IndustriesAH(Bohemia, NY, USA)2] Vortex-Genie 25
A}-8-3} 9tk Shaker= IKA LabortechnikA}(Staufen,
Germany)2] HS 250 basic2 AHE-3IH 3, AAFS7)
= ZymarkAHCA, USA)9] Turbovap® LV evaporator
£ ARE-sISlT

23 A|§HI-I:H

231, EESH9| M=

Iupzdgol = FEEH WHEFELR)] HEEA
B2 W ghE o] o] 1000 pg/mLe] FE}F HES
E-ﬁ--‘@_"—'.*(stock solutionyS ¥HEo] ¥ A3 o,

-2 200, 100, 50, 20, 10, 2, 1 ng/mLe] &%
b HES vEeR dAYR S4ste] £EE
(stock solution)& A|Z=3FATE.

Table 1. Analytical conditions of LC-MS/MS

% finasteride 4] 347

Human serum 200 puL
+ Internal standard 20 L

l Vortex 30 sec

| Add to ACN 400 uL |

l Vortex 30 sec Add to MTBE 5 mL + K,COs

. . Vortex 30 sec
| LEE (Liquid-liquid extraction) 1—> Shaking for 20 min
¥ Centrifuge (3000 rpm, 10 min)
| Organic layer |

Evaporate to dryness
(at 30 C under Ny atmosphere)

¥

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

l Vortex 30 sec

| Micro-filtering(0.45 uL) |

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

Fig. 2. Schematic diagram of the sample preparation.

232 AREZ 3 FA2|
S70°CE ¥F BAsd AEe Aol dEdt
¥4 200 pLg FHskar WE-Es EAEEEHERE)
20 uLE # 718} (10 ng/mL) & 412 F(vortexing, 30
sec), SHIEUEZ 400 uLE Yol whia S A7hAZ
o} o7]ol §FEES 7S & MTBE 5 mLE ¥
2037} shaking 3}3Z, 3000 rpmel| A4 107+ H41%
gt & g FHakArh g 452 N, evaporator
(30°C)E o3l At AXE-S LC-MS/MS

LC condition

HPLC
Column

Agilent 1200 series

Column oven 35°C
Flow Rate 250 pL/min
Injection 10 puL

Unison UK-C18 (2 mm i.d. x 75 mm length, 3 pm particle size)

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

Mobile phase
— B 10% (11 min)

Gradient: B 10% (0 min) = B 10% (1 min) = B 97% (4 min) = B 97% (6 min) = B 10% (6.1 min)

MS/MS condition

MS/MS API 4000
lon source ESI
Detection mode Positive
Source temperature (°C) 300
Dwell time (ms) 150

Ton source gas (gasl) (psi) 25

Ton source gas (gas2) (psi) 50

Curtain gas (psi) 10
Collision gas (psi) 5
lon spray voltage (V) 4500
Declustering potential (DP) (V) 48
Entrance potential (EP) (V) 10
Collision energy (CE) (V) 38
Collision cell exit potential (CXP) (V) 12
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TAE ©o]F7d 100 uLE Fof 2 42 F(vortexing,
30 sec), micro-filtering (0.45 pL, PTEE)3le] LC-MS/
MSoll 10 pLA FU 8] B39 THEg. 2).

233. 7|17|18M =A

AE AAE A&
A& Table 194 ¢} 7+-& 7] 7184
MSMSE o] &3te] At Al
HPLCS] #2473 & Unison UK-C18 column (2 mm
i.d. x 75 mm length, 3 um particle sizeyS AF&-3} L,
ol 0.1% 7ir|ite] £3E F8&A T o EYE
ol e 7147] &2 % (gradient elution) o Z -2
&) o]l F e 42 250 ul/min ©)eH A|F
FAFE 10 pLolfdth BAZH] o8 2xE
35°C2 L3 FAAZT

AEE AT MSMS #4212 A7]EFo) 25t
(electrospray ionization, ESI) W48 A &l3} 2 o]

2(+) RE=94 MRM (multiple reaction monitoring)
WS AT R R AATFEE AR
o &%= 300°C, ion spray voltages= 4500 Vol 3L
o} 7]1E} MS/MS 4 3217 E]= declustering potential
48V, entrance potential 10V, collision energy 38V,

collision cell exit potential 12 VZ A4 3}o] £-2]519 T},

. =AUl MEM HSB

A=Y SgRE 98t AAAEZAY
glo] 42 2 Bioanalytical Method Validation?' ol]
HolAE Syttt I Hgto| = 24
ol AEE AFE flst AR A8 EFAR
al(0.1, 02, 0.5, 1.0, 5.0, 10.0, 20.0 ng/mL)S A &4

=
1

3172

Intensity, cps
©
°
3

3052

5.0e4]2848 313.1|

=2 2 153 3308 3356 35243548 370,
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miz. amu

(a)

P
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Fig. 3.

Intensity, cps

- e - A - g3 - ol FE - o)t

A W FAsA st a}Fol 53] WelheldE
A3kt FuzEgel =9 QC AlEE A 2+
A T HYE 7IF2E AFTE(03 ngml), TFE
(8.0 ng/mL), ALEE(16.0 ngmL)E A 82| A2 W
Ha FL3HA Rl PS5 AlYste] g
" %= (precision), “d &= (accuracy)S T-3F3L, 915535t
3U7F AEE st A7 AUE, AGgEE 3t
B =S HEsarh
3. 844 9 0
3.1. LC-MS/VS AHEH
JAAAER] I3 F9 FuvzHeto|=E
98te] LC-MS/MSE AHE3FA T, BEAZAL Table 1
of Jepiicth dursEeto| =of YR EFEE )
o dl

A71eA AR FEE o]&ale] i
min®] F%22 3¢ (Infusion)3h= W
manual tuning mode® A B2 t¢&EZ 9] m/z [M+H]
o slFsl= FAE FQlgk §, A sKquantitative
optimization) 73S 33} A o] (precursor ion)
2 A d o] 2(product ion)S 2133 ESI ol
(t) =X vz eto| =8 YREFEE! WE
2uepe] Mol 22 7H7 myz 373.2, m/z 409.3 ©]
Rom Ao) & 7k7k m/z 305.2, m/z 391.20] At}
(Fig. 3).

3.2. ME#M
A e AFoAM T2 248 71X B33 B
stz she EAS EEeta AFdte 24 58S

8
N

3914

), 3769 L.4 2.7

3730

3209
3303
pss0 277.127922911 3009 ‘1

260 280 300 320 340 360 380 400 420
miz. amu

(b)

3574
al

Electrospray product ion mass spectra of (a) finasteride and (b) beclomethasone.
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Fig. 4. Chromatogram of (a, b) blank human serum and spiked

UERd T Blank A 5.9} A4 @5
Hobstol & A@uyel mel AA 2
(multiple reaction monitoring) EE=Z £A13F Al 59
A=vtEIY S Fig 49 JERN AT Fig 4(a, b))
blank A Z ol A= Fup2glgto] =9} #| Z 2 ef=o]
AEHA] &2 9| Fig 4(c, d)ollAE I v2=Eg}o]
Eoh RREEA WZEAERE] /2 52
BFE UEhR BRE A 242t 58I, S46%
=28 3e] 14de] glo] g eteiAl s &

A F%7}F 0.1~20.0 ng/mLe] 97} E%
< A7kt AAE & AR F A
21, y=0.0323x +0.0002, &A1 (R?)
99972 §-77F A4S AASHATHFig. 5).

34. MUz, Nz

A E o] = 0.1~20 ng/mL S =H Yol 4y
A E= W57 4 (coefficient of variation, C.V.)7}
1.7~9.5%=% YEht ARAA gAY BEjde]d 7ol
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(c) finasteride and (d) internal standard at 0.1 ng/mL.
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R*=10.9997
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Fig. 5. Linearity of the standard calibration curve of finasteride.

T2l 15%0lW e, e 88.4~102.7%F A
AAEEAH WEdo]Ad 7ho]d 22l 80~120%01 T
A TH(Table 2). 3 FLpzEElo]| = £4] Al AN
FAYCE A FE FEFTE 03 ngml, 5
= 8.0 ng/mL, I2F% 16.0 ngmL)oll A Z+7z} 53] Wt
B3l A3 A3 CVE 6.3~10.6%F LEFO o,
HEEE 97.3~103.6%H ol ATH Table 3). A% 347+
o] gt M E 37K FE FEHEE 03 ng
mL, %% 80 ngmL, 5% 16.0 ngmL)*1 A CV
£ 0852%2 2 JEGon, A3 998-102.5%0]
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Table 2. Precision and accuracy data of backed-calculated
concentration of calibration samples for finasteride
in human serum

Spiked Conc.  Mean= SD, *Precision ~ **Accuracy
(ng/mL) N=5 (%) (%)
0.1 0.092£0.00 1.7 88.4
0.2 0.18£0.02 9.5 91.6
0.5 0.49£0.03 6.5 97.7
1.0 0.99+0.06 5.6 98.7
5.0 4.9240.19 3.8 98.5
10.0 10.27+0.60 5.9 102.7
20.0 19.934+0.66 33 99.6

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

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

Spiked Intra-day (n=5) Intra-day (n=3)
Conc.  precision  Accuracy  Precision  Accuracy

(ng/mb) — (8) (%) ") k)
0.3 10.6 973 5.2 99.8
8.0 6.3 98.4 2.1 100.2
16.0 82 103.6 0.8 102.5

Table 4. Recovery for determination of finasteride in human

serum
Spiked Conc. (ng/mL) Recovery (%)
0.3 82.6
16.0 80.2

ATH(Table 3). 0173 A= B A< dubzE|gfo]
Eoﬂ EHSL LC-MS/MS 4] %

35. 358

NAG FEH AT FEAES A fAste
Slo&-S ERlstarat aksith Bg&2 HAEE AA
7] A3 o] FuzEeto| =9k Wi REEE ] va

HAY)E v ste] WEE(%)RA] FIRen 0337
16.0 ng/mL®] FxoA 43¢ 3|5&-2 82.67 80.2%
o] & ZHz7F JEPN ATH(Table 4).
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