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( Supelco ) Strata C 3£ 50 mg/1 mlL( ) (
Thermo ):0.22 pm ( Polypropylene) ( Corning ) ; Milli-Q (
Millipore )
( Allopregnanolone AP 98%) . ( Pregnenolone PREG 98%) .
( Progesterone PROG 99%) . ( 11-Deoxycorticosterone DOC 97%) .
( Allotetrahydrodoc THDOC 99.5%) . ( Methyltestosterone MT 99%) .
( Dehydroepiandrosterone DHEA 99%) Sigma o
( Fisher ) ( 99% Sigma ) ( 88% Fisher
) Milli-Q ( 18.2 MQ cm) .
2.2
1 mg/mL - (1:1 V/V)
-20°C o
2.3
2.3.1 5% BSA-O.7% NaCl AP PREG DOC THDOC
PROG DHEA 0.1 ~ 10 ng/mL (0.3 pg/ml) MT
o 1.2 mL - (9:1 V/V) 5 min 12000 r/min
5 min o 100 pL - (1:1 V/VO0.1% ) o
12000 r/min 15 min HPLC-MS/MS
2.3.2 ( mPFC) | ( HF)
(VP) ( 0.1 mg) o 0.49 mL 10 pL 15 pg/mL
MT o ( 2.3.1 ( 2.3.3 ) o
2.3.3 1 mL <1 mL Strata C5 - 12000 r/min
5 min Strata C 4 ; 1 mL 5% Strata Gy o
1 mL o N, o 100 pL - (1:1 V/V0.1% )
o 12000 r/min 15 min UFLC-MS/MS
2.4
Agilent XDB-C ¢ ( 50 mmx4.6 mm 1.8 pm ) o 5 mmol/L
(A) (B); 0 ~2.5 min 60% B;2.5~5.5 min 60% ~95% B;5.5 ~
7.0 min 95% B;7.0~7.1 min 95% ~60% B;7.1 ~10.0 min 60% B. 0.5 mL/min,
10 pL; ; 45C; o
2.5
( EST) ( MRM) o (1IS) :5500 V
( CUR) :241. 33 kPa (GS1):413.7 kPa (GS2):413.7 kPa ( CAD):
Medium-. THDOC ( TEM) 100°C .
1o
3
3.1
( ESI) ( APCI)
10 ESI o 1.0 mg/L
6

potential DP)

o

THDOC 5

( Collisionenergy CE) .

( Declustering—

( Collision cell exit potential CXP)
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Table 1

Mass spectrometric parameters for the target compounds

Analyt Parent ion Product ion Retention time  Declastering potential ~ Collision energy
natytes (m/z) (m/z) ( min) (V) (eV)
271.2 253.2 6.0 50 19.9
Dehydroepiandrosterone  DHEA 213.1% 22.1
315.5 109.17 6.7 76 34.0
Progesterone  PROG .
97.0 26.6
331.5 109.0 5.6 79 26.0
11-Deoxycorticosterone  DOC 97.0" 27.0
303.5 109.1 6.2 66 37.8
Methyltestosterone  MT
97.0 33.9
319.2 301.2° 7.4 25 13.5
Allopregnanolone AP
213.2 32.8
317.2 281.2 7.0 36 16.4
Pregnenolone PREG N
159.1 30.8
352.2 317.2° 6.7 40 21.2
Allotetrahydrodoc  THDOC 335.2 27.4
( Quantitative ion)
( Entrance potential EP) THDOC M+NH, * o
1o THDOC 1A m/z 279 282
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Fig.1 Full MS MS/MS spectira and MRM chromatograms of THDOC
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THDOC o
m/z 317.2 THDOC . 1C THDOC MRM .

3.2
3.2.1 6 ( AP) ( PREG)

MRM

o Shim-pack XR-ODS( 50 mm X 4.6 mm 2.2 pm ) . Shim—-pack
XR-ODS( 100 mmx4.6 mm 2.2 pm ) ~XDB-C4( 50 mmx4.6 mm 1.8 um ).

Synergi Hydro RP( 150 mmx2.0 mm 4 pm

) Venusil XBP Cg( 150 mmx2.1 mm 5 pm

)5 6 o XDB-Cq 6
) 1
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Fig.2  MRM chromatograms of DHEA PROG DOC MT AP and PREG
3.2.2 XDB-Cq 6
o A B o A
(0.1% ) pH
N N N o A 5 mmol/L B
3.2.3 35C 45C 1 ng/mL o
45°C o AP 35C ;
45°C AP
45 OC o
3.3
3.3.1 (LLE) (SPE)



1122 43
THDOC °
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o 3 THDOC
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0:; 4’- 5 6 7 8 9 16
t (min)
THDOC
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Fig.3 MRM chromatograms of THDOC in hippocampus treated with
2. 6 LODs (a) SPE (b) LLE ( liquiddiquid extraction) for 1 time and
0.04 ~0.20 ng/mL LOQs (¢) LLE for 3 times
0. 10 ~ 0. 50 ng/mL. DOC PROG
0.1 ~10 ng/mL PREG THDOC AP DHEA 0.5 ~10 ng/mL
2 6 N N

Table 2 Linear equation correlation coefficient linear range

LOD LOQ of 6 neurosteroids

Analvt Line: ati Correlation coefficient Linear range LOD LOQ
natytes near equation ( ng/mL) ( ng/mL) ( ng/mL) ( ng/mL)
DHEA y=0. 0106x+0. 00746 0.9977 0.50 ~10 0.20 0.50
PROG y=0. 644x+0. 0369 0.9987 0.10~10 0.04 0.10
DOC y=0.402x+0. 000474 0.9947 0.10 ~10 0.04 0.10
AP y=0.365x+0.0935 0.9993 0.50 ~10 0.10 0.50
PREG y=0. 0406x+0. 00665 0.9910 0.50 ~10 0.10 0.50
THDOC y=0.236x-0.0139 0.9993 0.50 ~10 0.20 0.50
5% BSA-D.7% NaCl e
5% BSA-0.7% NaCl o
3.4.2 3 0.4 4.0 8.0ng/mL
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2.3~2.5 6 91.2% ~115.5% RSD 0.9% ~8.8%
3,
3 BSA (n=6)
Table 3  Recoveries and accuracies of 6 neurosteroids in spiked BSA blank matrix ( n=6)
. Spiked Mean recovery RSD ! Spiked Mean recovery RSD
Analytes (ng/ml) (%) (%) Analytes ( ng/ml) (%) (%)
0.4 111.3 8.8 0.4 109.7 7.6
DHEA 4 100.5 6.2 AP 4 107.3 4.7
8 110.8 2.2 8 105.0 5.3
0.4 115.5 4.2 0.4 112.5 6.6
PROG 4 97.8 1.3 PRE 4 107.0 7.5
8 103.0 0.89 8 109.8 4.6
0.4 113.7 1.7 0.4 101.1 4.1
DoC 4 104.0 1.6 THDOG 4 101.2 2.0
8 91.2 1. 8 104.5 1.8
3.5
6 4,
4
Table 4  Detection results of real samples
Analyt Medial prefrontal cortex Ventral posterior thalamus Hippocampus
natytes mPFC ( ng/g) VP (ng/g) HF (ng/g)
DHEA ND* ND' —
PROG 13.0 7.9 4.2
DOC 12.0 12.9 4.2
AP 27.0 19.5 22.0
PREG 20.0 5.2 12.0
THDOC 4.0 5.4 1.6
* ( Not detected ND)
- ( HPLC-MS/MS) 6
o - 1 ; -
; 6
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Simultaneous Determination of Six Neurosteroids Hormones
in Rat Brain Tissues by High Performance Liquid
Chromatography-Tandem Mass Spectrometry

LIU Jia' ZHANG Meng® WAN You’ WU HongHai’ HOU Yan-Ning’ ZHENG Le-Min"' YIN YuXin"'
'(Institute of Systems Biomedicine Peking University Health Science Center Beijing 100191 China)
*( Neuroscience Research Institute Peking University ~Beijing 100191  China)
*( Bethune International Peace Hospital ~Shijiazhuang 050082 China)

Abstract An analytical method based on high performance liquid chromatography tandem mass spectrometry
was developed for the simultaneous determination of 6 neurosteroids in rat brain tissues. The neurosteroids
were separated on an Agilent XDB-Cg column (50 mmx4.6 mm 1.8 pum) using methanol-5 mmol/L
ammonium acetate as the mobile phase. A gradient elution program with a cycle time of 10 min was used. The
neurosteroids were detected by electrospray ionization mass spectrometry in positive mode with multiple
reaction monitoring ( MRM) scan mode. For 11-deoxycorticosterone ( DOC) and progesterone ( PROG)  the
linear range of calibration curve was from 0. 10 ng/mL to 10 ng/mL and for allopregnanolone ( AP)
pregnenolone ( PREG)  dehydroepiandrosterone ( DHEA) and allotetrahydrodoc ( THDOC)  the linear range
calibration curve was from 0. 50 ng/mL to 10 ng/mL both with the correlation coefficient more than 0. 99.
The mean recoveries at spiked levels of 0.4 4.0 and 8.0 ng/mL were in the range of 91.2% -115.5% and
the RSDs were 0.9% —8.8% (n=6) . The limits of detection and quantification were 0. 04-0. 20 ng/mL and
0.10-0.50 ng/mL respectively.
Keywords Neurosteroids; Liquid chromatography-tandem mass spectrometry; Multiple reaction monitoring;
Rat brain
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