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Steroids are essential bio-molecules for the maintenance of life. Kinetic and functional analy-
ses of steroids are necessary to elucidate the nature of the many endocrine disease processes, and
thus be useful for diagnosis and treatment. High-performance liquid chromatography/mass
spectrometry (LC/MS) has recently been used for steroid analysis due to its specificity and versa-
tility. However, conventional LC/MS sometimes does not demonstrate the required sensitivity
for the trace analysis of steroids in biological samples, because the ionization efficiencies of most
steroids are relatively low for electrospray ionization and usual atmospheric pressure chemical
ionization (APCI). On the other hand, electron-affinitive compounds are efficiently ionized by
the electron capture reaction in APCI in the negative-ion mode (electron capture APCI).
Therefore, in this mode, a high sensitivity can be obtained by tagging steroids with electron-
affinitive (electron capturing) moieties. On this basis, we have developed detection-oriented
derivatization methods for the LC/electron capture APCI-MS analysis of steroids and applied
these methods to the determination of vitamin D3 metabolites in human plasma and to the
analysis of changes in rat brain neurosteroid levels by acute stress.

Keywords : high-performance liquid chromatography/mass spectrometry; electron capture

atmospheric pressure chemical ionization ; detection-oriented derivatization ; vitamin
D5 metabolite ; neurosteroid.
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(MS) &flAHDLEN (GC/MS), FRICEHRMAT T4 N
OWFEIC K& s %2 572 LCT& 7. ¥/2, HPLC IE GC
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T5. bbb, BTHRAMETFHAEAET 2 LEWIIR)E
B (M) ICEH s, ZORE, AfF VY E—-FIZTR
HEEEICHRIN S LS. —7), Horning 51X APCI A ~ ¥ —
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Fig. 1 ECAPCI-MS reported by Singh et al.”
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LC/MS DA % b & U CE T % AR FH L 72
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ECAPCI-MS MBI DR kAT, B, FE
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F%e13E 12 ECAPCI OREEICHT2d0TH 5208, BT
o b ofb GEE O APCD L ETHEIERACTH S 2
EEREL TS, fIZIE, 1HMT7Ivo=baxyy7
FGHVFEARTIE, o780 b UYDBFEET D20, FoRik
W& B4 F AL Gl D APCD HMELTLZDIH L, 2
BT IVOENIIEZEDOL ) B Ta N Y PFEL WD
B E, [M] MBS NS. $72, 24V =11
N LI E THEICL D A 4 s 598,

24V a7 2= VT YV RTIE, Ny OBisERPE S s
BIHEOARPFEOLNLZ EHHESN TS,

4 LC/ECAPCIMS (2 X 2 ABEMEA 72 4 KO

4-1 EKERUHE

LC/MS hticid 4+~ v5 v 7 (IT) M LC/MS",
ThermoQuest LCQ (2 Jasco PU980 7 B~ + 7 F 7 & i
LT L7z, #F 2A1& YMC J'sphere ODS H-80 (150 x
46mm i.d) ZHE 1mlmin ' THWAZ, 2704 FiE
HEHIETRTHTWEIN TV D E AV, iFERILHSE KL
O HE R BRI TR TUHRETER L7225, FEICD
WTEZENZThOLME SR L W2 gw, £/, &
A R 2 DAL FRIEEE T T WU 2 v 72,

42 EZI2 D RBEYIITEDRFE EICA

4+2+1 Cookson B! ECAPCI-MS A EA{bLZENRR
EEH B4 IV DM EDOR R 5 D 25 Dy

I THHEET D, b MIBWTEELRZHZR-L TV
52HDIEEF IV Dy (Ds) THADH. Dy T2k Ko
FE ¥ I D; [25(0H)Ds] I S NTHRNZHEE L
ZO%, MPOANVY T AREZSELTLAE) TED
loa i % 24RO IR 2 21F, 1a,25-Y e Fad v
7 3V D {10,25(0H)oDs, HMEE D} & 5 V21 24,25-
e FaF Ty E¥ I Ds [24,25(0H).Ds] ICRH SN 5.
fiH 25(OH)D; DMEIZ Y 7 I ¥ D OAFTIRAE DIRIE &
LT, 10,25(0OH)sDs DZF UL, ¥ I ¥ DAHES %0k
) KRB OERZH FEETH L. F 72 24,25(0OH).Ds
A RRER & U CE ORI ENRE O I AT SR B 58
FEELPEE 2S5 TWD. IS DG oIt L
WMEFE LKW E (ng~pgml '+ —%—), HHEiEIZH

KAGAKU Vol. 53  (2004)
WIZEELLTB Y, ZOHHIIIHRD TEOWIKEE &R
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A, Dy RO ZHA F VLB 2 4+ bR DS
L, FoBBERE SRR, 2T Ds 0K
MRS TH D s-3 AV T v LRI DO BRI ST
% Cookson HIZR3E (4@ #L-1,24- D) 7Y 85V F V)
ORI L 2 BEELI A O N TWE, T4
bh, AfEHRLE LCHie DA F L MS 1S3 LTIn s
LRTWHRBEZEAL, KEON LEZXLLDTH 5.
ZNF TESIRIEA F ¥ APCIMS i O #FEARILZEH
I EN, MINEEOR EICKESFES LB DY, &
ORICHLTREFLESORAIEZZWL T/ E 7
WP 9 ECAPCIMS Z AT, Ny 7275y
VEIARDKE 0, Wik EIEEADTRE L RS L
5., 2T, F#FHHWEF 4@ =baT72=0)-1,24-bY T
V) v85-TF ¥ {4-(4nitorophenyl)-1,2,4-triazoline-3,5-
dione, NPTAD| % H\»% 25(OH)Ds; ® LC/ECAPCI-MS
SRR DRI & A7,

NPTAD ZEEMEIC L W AR LY, ZOF:M T F IV ER
RIS L72A, EiRIST25(0OH)D; & Em
WG L, % 7% Diels-Alder i1 k% 5.2 7= (Fig. 2).
KFEMRIZ, AT E— FD APCIMS IZBWT, M
EBY)ETRHMEICLY A+ s h, [M] 2REHEEA F »
ELThH 27 MILIREE ISR T 2 RFERILOR) R & 150k
L7222 %, #FEMRLETE T 30 50w IR AR
SN, 25(OH)D; AT 2 &, 4 pg PRITHETH - 72
(S/N=3). $72, 25 Fu*T ¥ I v D, GENREME
Y% 3IrD) #PEEYE (1S) & LTHRESREZERLL
LA, REAE Y472 0.05~1 ng OHMIPAT R 72 4
SN ML xS (u) 27EF=PYNIZELD
B oo th, o/ BiERE BT VICHR, Kk
L, ZO®REHEEZEEL THFLMLOSICH L7z, 20
DML &9 22 & EREOERBRIE, 3ngml ' &,
¥y 1Y D OMFIRE ALV 10~40ngml ")
OFC 5 RIBEZFELTBY, HEO LT V41 4
JT7vEeAFy boEn Goul OREIEHVWSEE, 28
ngml ) 2 LOCEDTH-72. BIIRETHON
ERAIL, 41267V A MF V4 AFIN3FF V34V
Fafx/FH)) T F V124 )TV V385V F v
[4- 2-(6,7-dimethoxy-4-methyl-3-ox0-3,4-dihydroquinoxalyl)
ethyl }-1,2,4-triazoline-3,5-dione, DMEQTAD] w7z
LC/IEA F Y HiH APCIMSY ToZFh & BB ZRL,
BEEONTHMELHL D THo7. % B, DMEQ-
TAD 370 b ¥ AR T8 A, IS & % sk b
FIEA & Y #i LC/APCIMS I2BUF A ¥ ¥ 2 v DALEW
O KEE ) EIcD THHTH 507,

4:2:2 ESF—NWIA—-NLEEZHETIILELEDD
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Fig. 2 Determination of 25(OH)Ds in human plasma as NPTAD derivative

using LC/ECAPCI-MS

ECAPCIMS AFEMEREORREICA Lihok)
12, 24,25(0H)Ds (ZHF B G ERHIE L LTHIFREENS
NEED D [RHW DO—D>TH 225, 24, 25T T F—
WIF—=VIEEHL TS, FITHEE LTI EENW
RGBT 5 R0 ¥ % FUSE S & 3% ECAPCIMS 7%
LRI DO BITE % R AR 2.

D 25(OH)Ds G Cld =t a7 2= VEEZHT 5K
A, ThE ECAPCIMS O#lA G HEIHIREILIZ
WMOTHMTH o725, T TIEHEL L EEELE HiF
L, M4 0BTFHNERETFEEZET 5 R0 VEEFEAE T
WA Y, BRL. Thbb, = bukoBRMioEiik
LD ARG L, 72 PFB I ORI E AT 720,
3-7 3/ 7 x=)vRu iRz MFEWEIZH T Fig. 318
TARY VEEHER (RAPB) &M L7z, 2B, Thoik
I EARE LTHEON, ZoiEiE ESIMS I X
DRERE L 7.

KIZ 20 pg D 24,25(0H)D; ICE Y ¥V Vi, 5ug ORI
VEBEFEAEINAZ, 50C TRIGEEZEZ A, 1T
T EINFFERDE R L7z, gLk, 72 b= b
Y OVIZEME LT LC/MS I L7228, A L7zARafx— b
FOFNOBEHIC T P = MY VREHVD & &, K

NHR

vors<Y  raps

= §—®—N02 NP-APB §~@—N0, 4ANFP-APB

F3C
O,N
§~§i>—no2 DNP-APB §—©—noz DNFP-APB
O,N FsC
O,N
N=
$ NO, TNP-APB §—S\}N0, DNPy-APB
O,N O,N
F F
§~<:>~No2 NBD-APB §—cH2-QF PFB-APB
]\
F F
N\O,N
§—QCF3 2NFP-APB
O,N

Fig. 3 Structures of boronic acid derivatives with
electron affinitive moieties
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Table 1 LC/MS conditions and limits of detection (LODs) of 24,25 (OH).Ds and its boronates

Derivative Mobile phase (Zx: min) Monitoring ion LOD (S/N=3) Increasing sensitivity
Intact MeOH-H,0, 9 : 2 (6.7) Sum of 417.0 [M+H] ", 216 fmol (90 pg) 1

399.0 [417 - H,O] " and

381.0 [417—2H,O]"
NP-APB MeCN-H,0, 97 : 3 (6.4) 638.3 [M] 4.8 fmol 45
DNP-APB MeCN-H-0, 49 : 1 (6.2) 683.3 [M] 1.7 fmol 129
TNP-APB MeCN-H:0, 23 : 2 (6.6) 728.3 [M] 3.6 fmol 60
NBD-APB MeCN-H,0, 47 : 3 (6.2) 680.3 [M] 3.8 fmol 56
2NFP-APB MeCN-MeOH, 93 : 7 (6.9) 706.3 [M] 0.96 fmol 225
4NFP-APB MeCN-H,0, 99 : 1 (6.7) 706.3 [M] 6.0 fmol 36
DNFP-APB MeCN-H,0, 47 : 3 (6.5) 751.1 [M] 1.9 fmol 112
DNPy-APB MeCN-H-0, 24 : 1 (6.1) 684.3 [M] 1.9 fmol 112
PFB-APB MeCN-H:0, 99 : 1 (6.3) 709.1 [M+O,—HF] 6.7 fmol 32

SRIED SN otz ROTRFLUKDEAL F ¥ E—

FIZBIF 5 APCI-MS A7 bV ZHIEL7/2E 2 A, PFB
B2 HTHZNUNOFLMEKIL, wIhd [M] OAEYH
Z, EMEEVEEFRMEIC L > TH 3 LS N B 2 L DR
EN7z. —F, PFB %A T HFEMRIT m/2 709 (25 A
F U R RN, THEERFERICET, RAhomEH»
SR L7z [0 2L, Z0% HF A ik L7z M+
O, —HF] LM S 7.

MR IZ DWW T, &FERORFER A 6~7 5 &
%5 LC 5N TS L7220, PFB RZH T 5 HEMAKTH
BRI L D 32 fFORIKEAE SNz (Table 1). —7H,
S hueEEELHFERITRLZRU EOIREERL,
ECAPCIMS IZ2B1F % = bk HED D TRENT.
B2 2= b4 M) 7 F T XF )7 =) (2NFP)
PHET AFEMAKIL, MO TEHIRERISEL2RL, 0.96
fmol, 24,25(0OH).D; (2325 L T 0.4 pg ARINTTHETH V),
FEARALHT & R T 225 £ b OFEIREALAER T & /2.
B, = MR T HHFEERETIE, Y= FoHL
ROE = PUFEARL D) BRBERISE LR LA2S, b
Y= bEEEEAIEY = b EiFEA L D D MRIIEE IR,
—HEC= P OB A KO A THHIRENN 13250 DT
BV ERWSNE Lo, 2O LIX INFP FHEAD
24T hO6-FY ZNFATRAFNT 2 VEEET HH
BRI SREPBENRL 2L SN THL, £/,
A UAESH O 3L T ONFP 538 K & ANFP 38 /k C e
HELY, HVABE R SIS ISR B 2 L8
R E N,

HEW T 2NFP-APB % & MILL X 9 H 24,25(OH).Ds il 58
(fEH AL N 0.5~4 ngmlil) W L7z (Fig. 4).
ML &9 %y 237 ROWHROEMEA— M) v V1T X
DRSEL, FEMMEBUSHE, LC/MS I L7z, Z 0T,
24,25 (OH) Dy i BRI IR T 2 E— 27 2D x5 1I2Bi%
Eh, EAEERAZ ISICHVWLZETERDIETDH
o7z, BB, Fig. 4 IZRBOLNS X )12, EAEERED

R SRR R X D WEN R DOZNEFE TR 5 7293,
EEIIIME R Do 72 (il 5 Fig. 7 KU 8DV T
LFEBETHZ). RFFETIE 50l DILL & 9 % V7295,
CHIUE I N T TITHFE S 7z 24,25(OH) Dy 4T Tl
VETH 5.

4-3 HRIFO4 FMEEOREECH
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Fig. 4 Determination of 24,25(OH):D3 in human plasma as 2NFP-APB deriv-

ative using LC/ECAPCI-MS
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N PREG & UF PROG LX)V DZEBIfENT % 3o 7270,
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Fig. 5 ECAPCI-MS spectra of 2NFPH derivatives of PREG and PROG

(2004)

PREG J2 O PROG 26 L CTHREEMZ MER L7 {x: BB
Bz DATuA FEE (pg), y: WA (R704 K/
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Fig. 6 Effect of 2NFPH-derivatization and ECAPCI-
MS in brain sample analysis
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Fig. 7 Determination of PREG in rat brains as
2NFPH derivative
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Fig. 8 Determination of PROG in rat brains as
2NFPH derivative

Table 2 Brain levels of PREG and PROG

PREG/ng g tissue PROG/ng g ' tissue

Entry Control rat Stressed rat Control rat Stressed rat

1 8.80 59.7 <LOQ" 5.85

2 9.74 68.9 <LOQ 22.3

3 5.91 39.1 <LOQ 5.95

4 6.84 64.6 ND"” 17.0

5 5.51 71.0 ND 14.6
Mean 7.36 60.7 <LOQ 13.1
Standard 1.84 12.8 — 7.17

deviation

a) Less than limit of quantitation (0.5 ng gfl tissue); b) Not
detected
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