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Summary

The  following two  subjects concerning  steroid  analyses using  liquid
chromatography—electrospray ionization-mass spectrometry (LC-ESI-MS) have been done.

The first one is the development of the ESI-active derivatization (charged derivatization)
reagents, 1-(2,4-dinitro-5-fluorophenyl)-4-methylpiperazine (PPZ), and
4-(4-methyl-1-piperazyl)-3-nitrobenzoyl azide (APZ), for hydroxysteroids. PPZ selectively
reacted with a phenolic hydroxy group in estrogens. After quaternarization of PPZ-estrogens with
methyl iodide, the resulting derivatives provided more than 2000-fold higher sensitivity compared to
the intact estrogens. After derivatization of steroids having an alcoholic hydroxy group (5-ene or
5-reduced steroids) with APZ followed by methylation, their detection responses increased more
than 500 times. These derivatization procedures coupled with LC-ESI-MS/MS were successfully
used for the determination of estrogens in the pregnant serum and prostatic Sa-dihydrotestosterone,
respectively.

The second one is alternative procedure to enhance the detection responses of steroids that
charged derivatization is not suitable for. 2-Hydrazinopyridine or isonicotinoyl azide was very
effctive for the sensitive detection of dioxosteroid or dihydroxysteroid, respectively, and the
detection limits of the resulting derivatives were as low as 2 fmol.
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1. LC-positive ESI-MSHcharged derivatization® Bl 58
ESIMSIZZ NV IO R, Bl 7z —bEWVolzf A HEEREEZETEATO1 RS
O b >AEmUZE, BHOERBELCLDEEPRESTE34FV 4122501
RICHEEICRETS. ZRICHL A oy Yy, s-T O RUSIBTR AT 04 Rz o
rBERMEN=D, 1 F M ENBELS EANBRENESNBRVESRHS. -0
RIRERNSEER 7 o/ — )V HKBE (X b0y ) @7 IVa—)bikgs -1
EUSLETMAT O R) SHEBIKISL, TN5 ORBER M & WHE &3 5 LC—positive
ESIMSASBEALAEORFI R VERET >, LT, TAMOF AREEL T, ESI
kﬁﬁ)"%mﬂ?m%&Y CEZULEENEEWARER T I VRS, T ) —)UkEEE
IRTAIRIBFEEEEL T24-2bOo 7V FoR PO EEE2/EET 3
N ’-(5-ﬂuoro-2 4-dinitrophenyl)-N, N-dimethyl-1,2-ethanediamine (PED) )4 [0
1-(2,4-dinitro-5-fluorophenyl)-4-methylpiperazine (PPZ) % 1,5-difluoro-2,4-dinitrobenzene 7* 5 ,
WINDBEERBEREL TR (Chart 1). BRAER I O E) ROIZA NS PF—
WV (By) EREKFT NUDTLEET, 72 H60T, 1 hBT 5 2 & TRRHADER
BMIZRINL, 5123 ‘7“.1)(?)1/!\_4: 20FTHT X/ E DAL (charged derivatization) 7%
B TH> 2. HFoN/-FEAKZELC-ESI-MS (Applied Biosystems API 2000, #i30.2
mL/min; ZAFE L) Lh‘ L7zEZ3, InNsi3ninbeaFIA M2 E—2 1%
SELTEZR, 79T A M AURFHREE LMo, T2, L0 BRBREICENSPPZ
ERWTHSN/FE (E,-MPPZ, B, MPPZ) DR BN 4 B (SIM, S/N=5)
TRDFEZA, AT701 RERBEL THIZ0.15 pgTH D, FEM(LAOE, R UVE, & Hik
LT, TRNEN2300, 4000657 & MENZKRE LENR SN, RICPPZEAWVWTIRIERER
BEDH LEESHERNEFERVEDRNERET > 2. BETHFME (101320 uL)
IZ[PHs)-E;, (IS) 2%, BRER, EAfmMHE, EEFEAKERISICA L =, LC-ESI-MS/MS
[YMC-Pack C8 (5 pm, 150X2 mm i.d.), MeCN-MeOH-10 mM HCOONH, (4:1:5, v/v/v), BHK
JERI (SRM): Ei-MPPZ m/z 549.3—502.4, E,-MPPZ m/z 551.3—504.3 % U’\[*Hs]-E;-MPPZ m/z
554.3—506.4] TAM L& T A, REKIX0.5-25 ngmLOFHH TRIFREEEZRL, M
HEAEORF TS . ZOHE, SRMICEZRBREDA LE, ZRREINy I TS5
PRIAXDETREBRESWICERATH o= (Fig. 1). TIN5 2BE APPZATHIRENS
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R=B-OH :E, R=p-OH : E;-MPPZ Fig. 1. Chromatograms of Derivatized E,, E; and IS from Sera of
Chart 1. Syntheses of PED and PPZ (a) and Pregnant Woman (21 weeks). Measured concentrations of E; and

Conversion of Estrogens to Their MPPZ-derivatives. E, were 1.84 ng/mL and 3.43 ng/mL, respectively.

—F, S-LOROSBETER T O+ ROT I I—)VHEKBEEICHT 2 KISEREE LT
B 7Y 2 K& %% § % 4-(V,N-dimethylethylenediamino)-3-nitrobenzoyl azide (AED) K T%
4-(4-methyl-1-piperazyl)-3-nitrobenzoyl azide (APZ) % 4-fluoro-3-nitrobenzoic acid 5 =N FH4
IRERTERLE (Chart 2). TNHRARE B, 80CTMRT 2 DA TERNITKEE
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ﬂ?ﬁ,h%ﬂ%ﬁ%{hﬁﬁﬁl:ﬁ'b, \C[ Lo \©:n
LC-ESI-MS/MS [YMC-Pack Pro C18 RS (5 pm,
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150X 2 mm id), MeCN-10 mM HCOONH, _ ™o~y meiy ™" "
(7:8, v/v), SRM: DHT-MAPZ m/z 567.2—>567.2 i, v R —\
% U\H;]-DHT-MAPZ m/z 570.2—570.2] T4 FN_ N e
WLimE o5, REHIZ1.0-20 ng/g tissue® OH
HETRFZERELZRL, ABFERED . )OL "°=/_\/
BEFTHOL. DN B0y

) ﬁ DHT 2) Mel DHT-MAPZ
2. Charged derivatizationfiSEHE O B Chart 2. Syntheses of AED and APZ (a) and Conversion of

. o e =7 = & DHT to MAPZ-derivative (b).(i) 3,4-Dihydro-2H-pyran;
Charged derivatization ZF—EEE (7'1- + (i) N,N-Dimethylethylenediamine’or N-methylpiperazi;e;

\/ gx bi 7.k@ g) E’*ﬁ &ﬁ@- 6 Z a—_ ] ,r ]\ (iii) 6 M HC); (iv) Diphenylphosphoryl azide.
KERALESS, £ERT2FEEOEHICBIZEEHOEEINS, ZROTS T AL b
LA WNEL, REBHIVERE LRII#ETERN, I T, IhEH7TT 5FEHREZH
KLz TOREER, WIFNbEBU D IVERESIIEETHRTFHAELTHEITSM, e RS
JEXII®T P RE%E KB ME & F 5 2-hydrazinopyridine (HP) K Uisonicotinoyl azide
(INA) 3L DAFYAFOA RXRBPE ROF AT O ROFHIHH R L2HS5
MmELE (Fig. 2). chSRVWTNBHEAMETH 3, BoNEFEFRREORNT O
kAL F[M+H]* &5 X, charged derivatizationZ 8 H L 72356 & HL# U THRA200(%, #E
AR E B L TR AEEREN LA LE SIM). &5 KKERBATANOERFALLT
INAZ WD 5y MRASa-7 > RORY »3a,17p-PF —)V (3a,50-Adiol) DERETY,
ZOERAKEHESMELE. Ty M (100 mg tissueliZHH ) 12 [*H;]-30,50-Adiol (IS)
R, 2BRE o BRI X 2 8%, NATHEARIL L, LC-ESI-MS/MS [YMC-Pack Pro
C18 RS, MeCN-MeOH-10 mM HCOONH, (1:2:1, v/v/v), SRM: 3a,5a-Adiol-bisINA m/z 533.3—
139.0% UX[*H;)-30,50-Adiol-bisINA m/z 536.3—139.0] T L & T3, RERIL0.1-2.0
ng/g tissue D & T R

BEHBREEZRL, BE, NN
EREHICENS S DT C Y
» > 7. 3a,5a-Adiol % # (j\

}Eﬁ %T@J% k: E%—-T 6 & ’ Androstenedione NHNHZ \ Androstenedione-bisHP
FIRRIERNRB TS &

DREN B BH, T D 04N
FI AN =X MEEAE N (j{}t§ gﬁ L
TH57, FXF0A R '

DTEORBENETDE v =™ 3q,50-Adlol 'NA fi 3a5cAdiokbisINA
22} %ﬁ%%% D ﬂﬂb Iz 7‘; Fig. 2. Derivatization of Dioxo- and Dihydroxy-steroids.
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3. Negative ESI-MSH B4R DR H

LB WE N bpositive ESIFMSHFEFRLAE TH BN, KD /A XVRVBENET
& N Bnegative ESEMSHADFNIZDNWTHRF L. TN E Tilnegative ESI-MSHHE
HALEE LT, BEMBICHBREZEALZERENH 20, XEIR/SNDFEENEBD
TEBIEE 250, EEZRESH OB, BHHPLCIZ BV 5 NEMERMEY & O 2 BEAHEE
THolz. =TT, BERIEEEZEZAEL, » Dnegative ESIMSICEREINE T 5K 2 E
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M-H] ZH< 5EX/z. N5 OHT, -NPHFEAR TIIFEELRIOAT O REEBELT
10005 DRERE LR AR D 5 NEIF I N, MS/MSDEE, SRMICEZR T 0¥ 7 b1 3238
/o, ERBMTICEIERRETH o/, L L, FFEIC K D NPHEEEIIBEE LIS
BEZETIE0, FHATLATBWTREINEVWI &, AoV ERERBICRE
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