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A highly sensitive and specific liquid chromatographic/tandem mass spectrometric
method was developed for the determination of 26,26,26,27,27,27-hexafluoro- -dihydroxy-
vitamin Ds, a new fluoro analogue of 1,25(OH)y-vitamin Ds. It was found that this
compound gave an acetic acid-adducted ion with high intensity when the mobile phase
contained acetic acid. By optimizing the mobile phase composition in the liquid chroma-
tography system in obtaining the highest response of the adduct ion, this compound in
serum was determined down to as low concontration as 0.1 pg/ml, following only depro-
teinization by acetonitrile and purification on solid phase cartridge. It was recognized
that the present assay method has sufficient precision, rapidity and simplicity in execu-
tion, and enables us to carry out the determination of very low concentration of this com-
pound in clinical studies for humans.
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26,26,26,27,27,27-~F % 7 LA U-1a,25-V & Fu* 3
¥ ¥ Ds {Fe-1,25(0H)p-¥' ¥ 3 v Dy, Fig. 1} i,
EHRE Y Iy Dy (1,25-Ye Fu¥y ¥y 3w Dy 2
D7 vHRLFBEEITHS., FoWEICENTAHLY
7 LDNGH b DRI & B DU &R S & A1ER %
BL, ZOEHIEERY S IV Dy DB EZ 5~10
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W5, Fe-1,25(0H)-¥' % I ¥ Dy 13, @AM 12 0k
KEBRIZBOVTHRERE yg/ At -5 - B Thi
<, & MIEFBEEIBRO TEODLNVIZEH S &P
na.

ZDED BIEBRFTERBEL NVOEYIZOVWT DA
YRR A, RSEEROEMEREHRT S 2010
2, BRETHRREEICENBEDS VEBEDOREI N
ATH5. Fe-1,25(0H)o-¥ ¥ IV Ds Dk FMEFTE
BHELT, RIIESME-ERA 4 v BRiHE (HR-
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Fig. 1 Chemical structure of Fg-1,25(OH),-vita-
min D3

SIM) 2RV FRAra< br5 7 /BESWEH THIE
TAHHEYSHESL XN TND., 2D GC/MS i, B
HELUTEL CEMESRBEITHEE > OKBELSOFE
BHREPDETH 72, X, EETRE 2pg/ml TH
Bizw, HBHBVERSE Qug/AN) TOREHREIC
UhBEETELEho7. BIZINEVN 65D 1 O
SRICTHERRBRZTY &S, EYBETO 7 4L
EIBET 21013, EBTREZMERD 2pg/ml FVHHE
KT ARESHD, LBBRELEEEVNEEL >
7z,

B, ¥V T ABIEBRSWE (MS/MS) &, Wik
02 rF 57 4— (LC) IWH T AERNMERHEEL L
THEREN, REERFOEYCEBEEMEDOEE
STICHEOLNE LD I >TE Y70 4, Kig
EEEOMBT Fe-1,25(0H)»-¥ ¥ 2 ¥ Dy ZHEND
BIRICERT 5728, LC/MS/MS 2BV 72 E %217
SIZDT, FOBREBKDBEEADISHME &b ICHE
45,

2 Bx

2+1 ERMERUEE

Fe-1,25 (OH)o-¥ ¥ 3 ¥ Dy ({LZEHLE 99.1%), 6,
19,19-d5-Fe-1,25 (OH)o-¥ ¥ 3 >~ Dy (NEHEHE, {LF
WE 96.3%) &, EREEIITEREINZLOEHL
fz. F /= (RUVEVEIER), Th=M)u,
ANFHY, Ay Ta =, AF =N, Yrauax
2y UbkkiEkrza<x b5 7R) &, TATATAY
BIEFAN, b hay bu— Vg, = -S4 T
JAF AT+ VAT AXRO KB OBAL T2
FOMORAIEIZ OV T IR A FER L 12,

Bond Elut C18/OH #— + ) v ¥ (500 mg/2.8 ml)
BN 7 sl EER L.

KAGAKU Vol. 45 (1996)
2.2 EBRURESRLE
LC B3Ry 7 600-MS &4 — by v 75— 717

(WIFhdb o +—F—X) %, ¥ H T L& YMC Pack
MB ODS AM (150X2.1 mm id., FHKRT-E 5 pm, 7
Aoy ) ZERUL. BEMEE, 4V 7o) —-
T b= bUN-K-BEEEOREGBEEZRAY, s7uv b7
T 74—, BERFHT, 95 02ml OWBICTIT-
fo. HBOWENL, bU TNVAT — VI EREEEST
i (TSQ700, 7 4 =Av=v ) 2AL, 441k
B Ly ba X7 L—4 %k (ESI) %, HmHic
A+ rBEE— FOBERRIGCHED (selected reaction
monitoring, SRM) ZHW\7:.

2+3 HIRIEE

MmiE 20ml 24> 79 7L, REEYH (02
ng/ml L% /—)V) 20ul, L5/ =) 20ul ROT &b
Z RV 2ml ZINA 5 ARV BEE &, 55
1500 g TEOLIMEL.. COLEBHESEL, 04M Y
VEIKFEZ AV T L 2ml ZIIATHERYE, TOBK
EHomUdDAFTY, AV Tan ) —VROAY ) —
V& oml CHFEL, Ko2ml Tcavyi4vya=vrL
7z Bond Elut C18/OH #— bV v VAR L. HW
TH—=PU v IARK, K-XF /=) (40:60, v/v),
vrsuairygv-~FH v (10:90, v/v) R4 v 7a
IR )= =-~FH Y (05:995 v/v) & 5ml THHE
U, BBICA v 7a2) —u-~FH >y (5:95 v/v) 5
ml T Fg-1,25(0H)o-E ¥ 2 ¥ Dy RURNEEYE %15
Hagf, COBFHBREERSMT, Kad (9 25°0)
THRREEEL T, 2OBRBYEZBENE oou BB L,
ZD 345D 1 8% LC/MS/MS ITHEAUT:.

24 BREROER
Fe-1,25(OH)»-€ ¥ 3 ¥ Dy DL H / — JVIEHK 20 ul
e bay bo— VIR LU T, 0.1~20 pg/ml M
BEHEMYOMBEREZHM L. CoMBEEY 2ml &H
BEEYERRK 20 ul 2B U, AR TOEL
foaE E LC/MS/MS ICHEA L, AEESHEIZHT 5
E— 7 EBELERIMEE. 70y b UTRNFETH
BREERL .

25 ERERHR

6 NORELHAAEKA (BF) OXI YT 4TI
Fe-1,25(0H)-¥' ¥ I ¥ D3 % 0.3 ug BTG L1z &
mik, EEB5% L, 2, 4, 6, 8, 12, 24, 48, 72
KO o6 BREICITWL, MEEZSHL 2K, BEET
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el FAIR, M, $5KR, AR : LC/MS/MS IZ& 5 Fg-1,25(0H) -4 2~ D; DER 539
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Fig. 2 Neg.ativc3 ion mass spectrum of Fe- 100 4 453
1,25(OH)o-vitamin D3 [B]
Eighty ng of the chemical was injected into a -
LC/MS/MS system in the flow-injection mode, us- 5 Collision. - energy
ing the mobile phase of acetonitrile-water (1:1, ) at 30eV
v/v) containing 0.1% acetic acid, and the spectrum 2 |
was obtained in the negative-ion detection mode. 2
g |
o
2
—20°C THAERE L 12 %
o 409
S R . ML
” s 71700 200 300 400 500 6
3.1 BEA A OBR - 600

T H T LERAVTIZ, Fe-1,25(0H)-E % I ¥ Dy
E70—A4 Y273 vT01% (viv) BEBREED
T b= bY-K (1:1, v/v) OBERHICEALT,
FOHEBANXRY PWERFELZ. BA 4 vBREHE—-FT
i, EEnA A viBEcha szt L, B A
YEBRHE-FTWE, KZERTHVERL 2 (M—H]T
(m/z528) EFZNDLEDA & ViEEERTEEBRAINA
#* v [M+CH;COOH—H] ™ (m/z 583) & bl
(Fig. 2). FRBCHEEYEIZS O T BB 4~
(m/z 586) PHER 3N tz. T OEEEEINA 4~ DERK
EEVA L VAREIERESH Y, ThEBERA A VI
BELRZ. X, ZOHEBEKA & Y ERICBEET 5/85 2 —
F—LUTHRYETY) —RE, ¥—ATAERCHEA
AREE, ThFh 200°C, 4.23kg/cm®, 2978 ml/min
ICERTE L Tz,

32 HERA T DER

MS/MS E— NiZbB 54 4 VR, 2)yavd
AFERFAN Vg v IANVF—IlKFTSH. £2Ta)
VavhHARKTVIVERYD, ZOHNAE%Z 15m

Fig. 3 Product ion mass spectra of the acetic acid-
adducted Fg-1,25(OH)o-vitamin Dj ion

Eighty ng of the chemical was injected into a
LC/MS/MS system in the flow-injection mode, us-
ing the mobile phase of acetonitrile-water (I :1,
v/v) containing 0.1% acetic acid. The precursor
ion (m/z 583) formed was then collided against Ar
gas at the energy of 15eV [A] and 30eV [B] to
observe the product ions.

Torr KHEEL, 3V VarvIAVF—2EHIET,
BIBRA & > CTh HBEBEINA 24 > A BB = &, £%
A v EBALZ. 3)YVaryzalF— 15eV THI
EXA > THHEMAMA A DFEAENBEEL, #
DEEDERA & 3, FIRA + v HEFERASHERL U 72
IM—H]" (m/7 523) MBERAEEAZRLIZ. Bica) Yy
gV IANE—%30eV ELEE, FIRAA V25
RS R O b Y 7vAa Xy VENERLZEEZHNDS
4 A [M—CF3—H] (m/z453) X=X AfF &L
TED LN (Fig. 3). MEMNICEELELDAA VD
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Fig. 4 Effect of the concentration of acetic acid in
the mobile phase on formation of acetic acid-

adducted Fg-1,25(OH)s-vitamin D3 ion

Eighty ng of the chemical was injected into a
LC/MS/MS system in the flow-injection mode, us-
ing two kinds of mobile phase, 2-propanol/water
(1/1, v/v) (@) and acetonitrile/water (1/1, v/v)
(M), with the concentration gradient of acetic acid
increasing 1% (v/v), and the ion intensity of Fe-
1,25(OH)g-vitamin D3 was observed.

KEN Lo 1278, MFEUHELUIZEEIZ /) 4 XL~V
PEWV [M—CF;—H] ™ (m/7453) % SRM iIZHBJ 54
BRA A VITEE LT ‘
DI EDFERD 5, SRM £— FTOD Fe-1,25(0H) o- ¥

% 3V Ds OWHICIZEIERA & ¥ m/z 583, £A &~
“m/z 453, PIEEMEMEIZ DO W TIERIEKA A+ ¥ m/z 586,
ERAF Y m/7456 DA F v 2E=_F—FHIEEL
1z,

3+3 LC O

A4 vE—-NHWLIBEHEELT, 7MY
WE Ay Tax) - Vo & BB A 4+ v ERICER
BWEFRBORNBORE 27>, 7T bh= bYJL-K
(1:1, v/v) EA4 v 78/, —nu-k (1:1, v/v) 2/
BLU, N9 2BHROEE%2E(L 38T Fe-1,25(0H) -
¥y 3 Dy OBBAINA A > OREZBIE LU (Fig.
4). ZOR, 4 v T/ - VRTE#E 02% &8
XENEFAX VBRESRLE P o1z, RICEBER

Ion intensity (X 10°, area responce)

R e
50

1

100
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Fig. 5 Effect of 2-propanol in the mobile phase on

formation of acetic acid-adducted Fs-1,25(OH)q-vita-
min D3 ion

Eighty ng of the chemical was injected into a
LC/MS/ MS system, and the ion intensity of Fe-
1,25(OH)o-vitamin D3 was observed with the vol-
ume ratio of 2-propanol and water being changed
from 0 to 100% , and a constant concentration of
acetic acid at 0.2%

% 0.2% WWEEL, 4V 7ast)—-KkOMKEZEL
X T Fe-1,25(0H) - ¥ ¥ I ¥ Dy OEFEE[IINA 4 > D
BMEABELUL. TOME, 4V 7an/—-K
(30:70, v/v) D& EIL, RRKBEZRLUT (Fig. 5).
COBERIKEE LS ECROOWNH T LITEFERH 5
LEFHATALEIEEUEY, BREHNIZ2ED 20T
LR FUNERET B EE LT, BAREIZIE 02%
ek H A Y 7% ) —)v-T b= b)) JI-7K (30:
50 : 20, v/v/v) OBEHERERLLZ. BEZRIZTS
6EDA T LI ODVTHE 2TV, BEHTRENERE
K¥—-JFR%E5 %% YMC Pack MB ODS AM 7% &
WUt

34 PIAIRZEDRE

kD GC/MS BV TIE, MEET = FYNVERD
Y VEBBER TR Y » /%2 U1z#%, Bond Elut C18 /OH
TEMEHE L, FIZIER LC KL 20 BE 2TV,
FUXF YY) VEERILLTWZ, UL, LC/MS/
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Fig. 6 LC/MS/MS chromatograms of Fg-1,25(OH)o-vitamin D3 and the internal

standard in human serum

Peaks: (a), F¢-1,25(OH)s-vitamin Ds; (b), the internal standard

Human serum was spiked either with the internal standard (2 pg/ml) only [A], or with
both of Fg-1,25(OH),-vitamin D3(0.1 pg/ml) and the internal standard (2 pg/ml) [B],
pre-treated and injected into a LC/MS/MS system. The chromatograms were
obtained in SRM mode: for Fe-1,25(OH)s-vitamin Ds; the precursor ion of m/z 583
and product ion of m/z 453, and for the internal standard; the precursor ion of m/z
586 and product ion of m/z 456. To clearly visualize the signals from Fg-1,25(OH),-
vitamin D3, they were recorded with 2-fold sensitivity.

MS OBEIESREIZBNTE, T b2 MU NDBHTHY
¥ 7371, Bond Elut C18/OH TEMHH 4 3 120 T
EV - OFEBLBRET S EHNTE, BICFOMEN
BN, EREEREL ETH - (K 62%,
AL 78%).

35 FEREDOKRE

LC/MS/MS ICEEEME 1.25pg 2HEAT S &, W
BEEMEO Y -7 EEICHL, 5.1% OY¥— 7 HEEZR
T Fe-1,25(0H)-¥ ¥ 3 ¥ Dy D=7 58Hhtz, Zh
BAREEMEICE TN % RIEHD Fe-1,25(0H),-E 7 32
VD THAHBEEZONS. NEEMEORIMER 2
pg/ml MIFEE U1z, TDEEXD Fe-1,25(0H)-¥ ¥ 2
v Ds i, EHE LR 0102pg/ml EENTNSH Z &ITE
B. §€-T 0.1 pg/ml M D Fe-1,25(0H) ¥ ¥ 3 ¥

D; &, 2pg/ml MBEOWEENEZIRMU 712 & & DK
BOKEIL, AEEHHOAZHRIMLIIE DR 2 5
ERBETTHAHN, ERICAELLEEFELENSE
»oHhtz (Fig. 6). 6 O bay bu—)VliET T
WoWT, BIERS ONBIGERS ERD 5N
7z,

PMIEREHE D Y — 7 HBICH T 5 Fe-1,25(0OH) - ¥
IV D OE— I HEBEOIEE, Fe-1,25(0H)-E 5 3 >
D; ODUEMEE%Z 70y b ULKRERIE, 0~20pg/ml
DOHEH CHBRE 0.997 DI EOBRIFSEFEERU 2.
X, HFBELUV (05, 3, 20pg/ml) KB 3EEME
OBREMAMBLIE S, HREFHOHEERZE X
128% DT cH U, HEMEBHOMBEMEEREILX 175%
UTTHot. EETREE (0.1pg/ml) K2WTH
BAZBOBIERERED 16.7% TH -1z (Table 1).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

542 BUNSEKI KAGAKU Vol. 45 (1996)
Table 1 Intra-day and inter-day precision for the 6=
determination of Fg-1,25(OH), vitaminDs
in serum
Theoretical Mean Relative 0
. No. of  concentration I
concentration/ - standard g 4
=1 replicate ~ observed/ e,
pgml™ ' serum =1 deviation, % 80
pgml  serum &
T
Intra-day assay j:
0.10 5 0.12 16.7 g
0.50 5 0.47 12.8 £ 2
3.00 5 2.85 5.6 i
20.00 5 18.47 6.8
Inter-day assay
0.50 5x3" 0.52 17.5
3.00 5X3 3.16 8.1 0 . . . ,
20.00 5X3 18.95 54 0 25 50 75 100

t 3 replicated trials with 5 samples each

INOHDFERN S, ZOSEIEABERRM I+
itz /s EEZ LN

36 EEFRFEBRER

0.3ug D Fe-1,25(0H)-¥' ¥ I v Dy ZREOBE LT
6 ADRT v T 4 T7OMEZDHLIKERZ Fig. 712
Y. BB E% o6 RETHLRITETBY, AE
BENE MCBFA2EYBET O T 4 VEERT B0
KN sBEL2525EBRUTHA. MIEHEY
BEEHES%R 2 FBHEICEKX (4.07204]1 pg/ml) &4
0, DIBETUL TERSHE 96 BEHEIZIX 1.00£0.21 pg/ml
Eg oz,

4 = 5

R, MBED Fe-1,25(0H),-¥ 5 3~ Dy DEEESE
LT, GC/MS Ik 2FEE TR 2 pg/ml DI #HA
ENTNEY, 20D GC/MS HEEAREEEZ BT 5 /2
¥, FE—BEIZDONT GC/MS HERERKETCHIE %R
fTotz& 2 n, BOHEBEELRED SNIz (Fig. 8). U
»U, TOD GC/MS ik, RILIEE LT LC W zH
CECEMORBUTRES, KBEIRS OFEARLHNE
THotz. ZHICH U TERKEEBE TEBEEARLDOLEN
<, EMSHINETRELAETHSH. KEBHEIE, =
DFTEBVEORHE M, HEEZ Y <, 0.1 pg/ml
MmEEVS, FVEBEETCEETE 5HT GC/MS
BEVENTVBEEEZ S NS,

OO LC BHEE & R LC/MS/MS IZD W
T, FHEITHBELOBRVBHEBREICY U CEEL

Time after admimistration/h

Fig. 7 Serum level of Fe-1,25(OH)q-vitamin D3 af-
ter a single oral administration of Fg-1,25(OH)o-
vitamin D3 at a dose of 0.3 ug to 6 volunteers

Each point with a vertical line represents the mean
*s.d. of 6 data.

305

-1

N
o
i

Present mcthod/pg ml
S
1

0 1 1 1
0 10 20 30

GC/MS method/pg ml ™"

Fig. 8 Correlation of the concentration of Fe-
1,25(OH)s-vitamin Ds in serum obtained by the pre-
sent method with that by GC/MS method

The same serum samples from healthy volunteers
given Fg-1,25(OH)qe-vitamin Ds orally were analyzed
by GC/MS method® and the present method. The
samples of higher concentrations were
appropriately diluted with the control seram and
subjected to LG/MS/MS analysis.

serum
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Botram X

BRLRBIENRALNITE T2, SBEICHEERICD
WCOERSHRMSE s L, L0ERBED SN AE
HRELDTHSH. X, NIEEYMEL L CHEHTIEE
FNROEE (LR AT M Lxgs 2 &nTashid, b
FTPIZEEND Fe-1,25(0H) - ¥ ¥ 3 ¥ Dy BOEEN
BAL3a Lo, EREEORMESETCEIEER
HNb.

LC/MS/MS %#HaE$ 5, dkEhoEkyEn
MEEENMTIC 2V TERL TV ARYSEREREIN
FHHTWVBITI SEOREERIRT & 51T, B
RICBUY LM - BEHRD 28, MS/MS (& MS L
FOBRBREABHLTWA Z &, RURIC LC &L
HEEE, GC O KD Il a2 FHEMRLt T 5 0E
WL, BEIMTHIENVERETHS ZENFEREN
rZHTHAH. TDED % MS/MS DR A EH L
1EFRERROEYMEOTEESITADILHD, SEET
FIERBICERINGEEZ>NS.
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EHME S I Y Dy 07 v RILBFEERTH 5 26,26,26,27,27,27-~F 7 VAt d-la, 25-YV k& FaF
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