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BHEIZE H, »OBEREOEY (27557, PGE,) BRUKR#Y (¥ 3 v K, k) 2o
RIZBY, #7754 v LC/MS gigsR4. #iE HPLC ¢HBL, BABOEEGI vz AT
ERLTHOLr UK TERLTEVWATFHEI =y FA~BMEY—-2042% 9K LAk, #57 ANIEHRS
HETTHRELLHE, NEDOT 2=+ U ALTHBSYE, HELAEY YT ARAK —zX b SIMS #
ExIT-k. X, #HHIZe LCrL0EH Y -2 (PGE,) 2o TiR<4 /ey Y vIORIZHEL,
BRKEE MS BlEg2R %, WTFhKIVWTDIHBETEDLIANIZ PARELRA. REZAE D KK
ErSELET, Av74v LC/MS BIECRBER IR TV ABEDELIRETE S SEROR VAT
BETHDTE2RADR.
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RE T ERE (FAB) WO MS s WTSHIRT k3584014 VEEOBMBELHEEZ T, #7514V
W5, FEDLIX TLC o7 v— 2 bLOEE SIMS fil LC/MS BIE T +FaRRETEs b0 LBbhik. +
ExZTT 5> TLC/SIMS k-0 %R %, EMRBPRIC ¢, 20DOTEXEONRLK, FOKE, HEO
BOWTHRLIWHETHBZ L&D, Lirl, v By 75 (v LC/SIMS #:& : 7 e LC iR
By NABENORENRHEL, <+ v 7 A GEEZY v BEiA 754 vo LC/MS {EFEHRE 1+ v{L(ED, &
U V) ~OBEBREEVCEBEEADC OWTIRRERE  ABigE (FD)) B CX/o<T, UTeHETS.
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v LCG/MS % LC/FAB-MS® L U T3 B SR b LC/SIMS @5 Ftktkizk o X SICHBL 7.
ZhH5b. (1) s 3 v Ky-MESNA ffmik @ E. &% 3 v K;

L snbo: , o (VKs, $3{CERAM) 20T, BEIC 0D B
Lol ShODREREMCHD LI, MB ki xy, 23= kb FEBE. Kic, B0
HPLC THH ShTwo 44 v HRAELY) YBARE o2 n7 1 =x2varsvEBs b ) vtk (MESNA,

K2R A7 BESAE T > BF Lo ER D EHAL¥ERGR) G (pH 7.4, U vERIEE MK
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VK;-2, 3-epox1de VK;-MESNA adduct
* SIMS i x 5 YRR (5 I #). #T#kix, H. Iwabuchi, A. Nakagawa, K. Nakamura : J. Chromatogr.,
. 414, 139 (1987)
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C S CZK - \* _
HSN\Pt/CI + /SN—(.: — { Pt\S/C N\C H
HN~  TCl CoHs Ky pPHT1 C2Hs 2Hs
DD DDTC
= - Pt-DDTC-chelate
M: 490
\max;: 255. maxz: 347nm
B (2)

i, 37°C, 54, 2-2 F 1-3-(2-RA A k= F ) F A-
1,4-77 + * 7 v (VK¢-MESNA fHintk) 258 L
(BafagEs, d.p. 250°C DLk, XK 90%).

2) PtAD-U =51 T F A H A4 — PR+ 22
7 5 %+ (CDDP, Aldrich Chem. ) Zmx7Z v b
oMl x> (10pg/ml) I1ml iZo=FLIFFH N2
— + Naif (DDTC, fitMEI¥M) 07 r=+1FY
AW (I mg/ml) % 1mlmx7#, 60°C © 1 Fi
K& xg Pt-DDTC % v — F 24 RS ¢ i,

27w LC/MS HilE FIRRtR : p-b F e ¥ O HEFEA
FA, =FA, TrEAAT L (KRILKRLERN) &
v ezxg 5wy E, (PGE,, Sigma Chem. %)
AW,

HPLC Bk : 7 F =1+ Y iz LG ﬁﬁ (FEHE
I R), 1+ vzt e L ¢ PIC A® (Millipore %)
ZHAWR

SIMSA~<FY v 72 : 7V er— (EFR{LEKRIE
#1) & m-=tryI AT AL (m-NBA, []) %
Hwvwi

2.2 & [

HPLC 38 : LC F#E+ v 7 M45 (Millipore %)
i UV i3 UVILOGC-S5IV (SRS M) 2ERS
. X, BEMAEE iz 7 EIE009 (KEE, 5
pl, v v —BlEH) 2REBOHMOCEBSYE, o
BRIZAW7

;7w LC %8 : LC AHEKLY 7 CCPD (GEFH
W) wizsw LC A UV s 875 & (RASE
) LAt oSAT RU=A ey Y vy MS-10 (7
rEW, SV —BAREZRE 1/16 1 v+, BS
Smm [Z9hk) % Fig. 1 KR+ X SRREHKI .

SEEE S 5 A : YMC Pack A312, ODS (6 mm id.,
15c¢m, [WFHE%¥8/), 3 7= LC Atz YMC Gel-ODS
Gpm, WE lmm, £ 25cm, [) ZHWRE

i=#%#354 : Bond Elute C8, 1ml (Analytichem
International %) % 2 % / - & KTHE LADbOR
Bwi.

BRESWE : BOoME_EMNRBERE >R MBOA
BROF — 2B A7 A MO03 (AL EEMRE) AV,
SIMS, EI, FD i %2fT - 7.

B TR~ B BEFRYO SIMSH ALK —
(A) 2 Fig.2 t7®T X5k Ax7v v Ao (0.2mm
X50 29 a) BEHOVCLTHERLE Ay 2B
(B), 27 v v 2@ (Ex 0.2mm) ZHVicH— |

MS

Fig. 1 Flow diagram of off-line micro-LG/MS

1: reservoir; 2:pump; 3: loop injector; 4:
column; 5: UV detector; 6: switching valve;
7 : microsyringe

(A) (B) © (D)
e © o e—9

s[ (E) (F) ©)
8

B W i

Fig. 2 Cross section of sample holders for SIMS
(A~D) and electro-impact (EI) (E~G)
(A) and (E) : commercially available; (B) :
meshed; (C) : boat shaped; (D) : ribbon
shaped; (F) : modified (10 ul); (G) : modified
(25ul) glass tip

A (Q) Ly EvE D, 37r LCH) oxhZhic
MEL. X, Hio El Axrs— (E) oOREELZXK
x1L, NABELT 10l (F) Ru 254l (G) KL
mbo I sr LC FicsfELE.
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2¢3.1 LGC/SIMS &

VK,-MESNA fHinfk : BBIHEL LT, 50%(v/v) 7
et =tk Ve PIC AR % 0.5% Ein Xt 5iinz,
g I ml/min 2, UV QK EL 254nm L L7-.
VK3-MESNA ffinfkod 50% 7+ + = + U L3H (100
rg/ml) % HPLC #:fEic 20 pl %A L7, SRR
(Ry) 3.9 FicHB LI € — 2% 5 55 U 500~750 pl
DKEMLTENHE I =h 5 ah~ABE- L 72
DB TR LTz, BT =95 A0 bRBHRYIE
¥, BRHEZETF (5mmHg) CEETS BELER
oo RIZ, 200l D7 F =1y Nz, SIMS Hx
ng— (Fig. 2) ~"ERXREIMTnoBH 2.

Pt-DDTC * v —t : KIG#EoS o, rDMmMlLr 5%
HODHEL, TokES 20l % HPLC B A L
7o, BEMMWIZ 80% (v/v) 7 b= Y ARKE 1ml/
min THV,, RIEHEEL 347nm & L7, R,:7.8min
D¢ — 7 HHDOBMIFICHE DI L, SIMS JIE 1T -
7z, .

SIMS JUE : #ELED, YV erw—1BhbU L m-
NBA =tV , 7 2%# 10l b LB —1L L8, + «
2 YRRV, —RINEERE : 8kV (IE) Xk 9kV (41
* V), ZRIGEEE : 3kV, HEEHFR : m/z 50~
700 THIE L 7.

2:3.2 340 LC/MS ME

EIMS JI%E : p-v Ko v RREB A F L, =F 1,
T EADK=AT L 500ng/ul HgE 0.5, 1w
LC #EBw A L. BEHCIE 80%(v/v) £ % ) —
AxHv, g% 30 pl/min LA, ©—2703b k-
2AhERIE (UV:254nm) L7 10 B v s v~
17uv) voli~gh#x T, 30 Blichizh vy
VURER LI, R, SAFETBCRLEE, v v
CERPBAL, BRLE EL By v F ki & —Pa
BHEZE L. RBEOBRIELY 3 o OLWTIFL, &
El iE% 7ot (1A VLEBE : 20eV, EFEF :
100 A, HEELEER : m/z 30~300).

FDMS il : PGE; @ 500 ng/pl #%# 0.5 pl %3
7wmn LC HEWEALK., BEHHEO7 =Y L-
10mM Aty vE (1:1) (v/v) %¥&E 30 .l /min
THL, FERERIT 220 0m ZFZE L. #ixdoHic
Ih=a427ev) v 2R R :10.3min D& — 27 %4
WL, FD =3, 52— (vV=2v) Lic&4iL, FDMS
YRE LI (FHEE: —5kV, InEEE : +3kV, H
BAEARE : m/z 1~500),
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HPLC 2 b o8B osREyR> 5 fcdic, Rin()
TOMEXR LI VKy(P-3), 2D 2,3-=#% > F(P-
2) KU VKy-MESNA fipntk (P-1) oFhFhig
FE 200pg/ml DFEHEH 251 AL, HPLC 215,
Fig. 3 iRT X527 rn~t 75 a%Bi.

P-2

P-3

____Jvk,____JVJL____

0 5 10 15
Retention time/min

Fig. 3 Chromatogram of vitamin K; related com-

pounds
P-1: VKs-MESNA adduct; P-2: VK3-2, 3-
epoxide; P-3: VKs

ANTEREBHIEZ - SBL, S5ml FrIFRE
CERLILLD LI LD KRB 25l #F0F% 5
ml AEEHCFR LI bork#lL, 4 HPLC ov
— 7HEE 55 HPLC 558 wiF 5 BURKRY Rdic
(n=4). K, FIEORBIC LTI\ =% 5 ALK
Bisr o 1008/200 pl # B4 wFE AL, BHECHSHRO
EE L LLAU BIFREL, £ X7 —AEEEH 200 ul
1, oY HPLC 1 X h R, F1dOERELH
LT =75 2B 3513 5 IRINEIR KA KR 7
(n=4). P-1, P-2, P-3 izo\v-Cohbo IR 23
FaEHET, 2BFO BUIREY BH L. ot
Table 1 Z/;”3 X 51, HPLC 26 o EUREF T LS
ORRME DM JiC B L, P-1>P-2>P-3 DfF@EY R L1
2, C8 D3i=p3 a6 ERKIZT-THLH 70%
Thote. FLTLEFEZE L CORILRIT 60% HijH
Ligote, BHTE ©— 7 0L pK 6 U T, Cl~
Cl8 R A o+ v M L DFEE R LI s = 5 2% 5N
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By, B8, @4 : HPLC/MS 2 X 2 BERELAW O 0T 91

2 S
Table 1| Recovery data
HPLC SPE Total
P-1 94.1+2.8 68.4+16.6 54
P-2 86.5+5.9 76.6+ 9.8 66
P-3 83.6+1.1 68.7+14.1 57

Recoveries of VKs-MESNA adduct (P-1), VKs-2,3-
epoxide(P-2) and VKs (P-3) from HPLC and solid
phase extraction (SPE), and recovery of each com-
ponent calculated from the combined two steps. Data
are expressed as %+ standard deviation from quadru-
plicate runs.

THILR I Y FEEERNREY R LIS LI E R
bhb.

35, WE% lml/min 3T L& T MR
ODLBEEREETHE, EROBRIIC—70BEI D
H I 2ROBREIBE EN Dol 1=2AT 4
DRFHED XER TH L, 15 Phcbich BHK
(250 pl) ¥HMCEB LD, HEED I =H T &
B LTE Ly, EkLie— 7 200 T5
ZLLAEETCH BN, r—THOBVHLLIEDD LY)
DX AR EYETLOT, BOTELLIE—-2D
BEC 1 BoOEALLERERE ST AHZ LT
fevs, i=AF AWk B LC BHE»D
DEBIEC A A+ R AE e L OBREGRIZ, EEORE
CRWTIHHENREL A bhiho kel &b, MishiE
Wi rtBbhs, Az MS BiEDLiHF, NMR
2 FT-IR e X ONFEBRLIor 754 vHIECLHEH
THHH.

:7m LC HHoEIRERITER L TV icwA3, EIMS
ARy L ADRENLRT, Al b 50% itE
LTwWaEBPRAD., Hig, ZoEINKEIELTS -
2 bOSBEIREYHETHLDIIIABTHEF /NS
Ltz AT OBBEEERD.

3+2 SIMS kI L4 —DHEHE

HE O+ A& — 1 XBRB 6x10mm) THH2, Zh .

% Fig. 2 WRLicX57A o v BHCHBTEHZ LI
I =5 ahbBEHTEAL ) —LVOKILEEHT
THEMD TR, —EDORRECRIFRICHI ) lIET
B ENEREE T, B4 v SIMS JiIETHELR
B2V o ZADZ Y wr—D m/z 91 O — 7HBE
Ferx g LR Fig. 4. o+ Lv &4 —TIH
BEE (17 #) OMEREIIHCEI L. Thi
BETHHIDICZ LY o 7 ANTHBABE LA &I
IntBbhs., cheRLT, £y ¥ BTERLA

Sy 2 YV ZRREIME D RERHER O R L& — DR
70% CAE T Lich, £ FHEL, X HYRELAN?
FAREBLC ENTE . S OEMIIEEOEV= Y
o 2 AWZIE, FA 7Y r—A) KBV TULECEE
CBEbRE. X, H— bEiLF 138 0 pl OREE
Y ETHDOT, AEOLELT LC hHES, vy —
~HET A AFIATES. L, —RAAVE-
LS R BB YHMATE LS, BRERRRCE
BoR 70% CET L. ZHuk=t Yy 2 A2YRA -
JetedhE, AV, b ERS, 2V v FEOERENETEO
WERCH~, # 2mm @hico e Xs30L b
ho. VEAVEsALL—ZI7r LC »OEESFRL,
SIMS JETH1-DCERLILIDTHD. YLV 7
ADFRMEE 1~3pl £, BRIV BEMIhL
REBIC B B DT, PGE;, % F\-REHE (0.8v8/+ v
X =) TRREDORALL—EFTH IR &1 207
LB &Ed - e,

100T\\
Q
sof >

[ ~,

60 O,

ha
401 O~a-0

Relative intensity, %
/

201

55 4 5 6 7 & 9 1011 12
Scan, No.
Fig. 4 Comparison of negative-SI (m/z : 91) from
glycerol matrix
O : by SIMS holder-(A); @ : by holder-(B)

2y v o Bk E —CRIERIGHEEE TS m-NBA
bV y 7 AR LICEZED VK;-MESNA £+ ko
fBAA YV SIMS =-~% } A% Fig. 5 wwmw¥. [M-
Nal- K435 m/z 311 RABEFCEEH S h, O,
w [M-H]- LT m/z 333, [M-CH,CH,SO;Na]-
wHMT 5 m/z 203 D& A A VRIS R, ok,
m/z 153, 305 (X m-NBA gikchss, LEOFKFRL
» VKy-MESNA fHhifk ok % b7 © & /2. MESNA
REIARLERBA A v OBERA L LTHCLBRATWS
729,z k5 VK R@ioFRETHS 2,3-=+FF
o FORIERBEWSC ENTER LD, EHRHO

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

92 BUNSEKI
100
153
*3
R 3 r—
5 ]
i 3
3 311[M—Na]-
E 503
® 3
2
=
Q
[
0
100 200 300 400
m/z
Fig. 5 Negative SI mass spectrum of VK,-MESNA
adduct

WETEKT S5 LiciEth/n=H% v FORTERC b %
HBIETEDdDLBEbRS.

KZ, ML x 551> CDDP X v {8507 Pt-DDTC
Fr—td HPLC s e=1 75 a% Fig. 6 2R,
O Ry:7.8min OBEH Y — 7% HE Lich oo SI-
MS 2=z bt Fig. 7 iRt X5, m/z 4991 o
[M+H]* 1 v &, Zhht DDTC A3— i L
7372/ 4% m/z 343 X b, HELTS Pr-
DDTC % v - ThrtAETHZEMNTER. &0
F U= b OERK {RIE@} ik Pt(ID) K5 4 0Th
HOT, YATI5F VPN OEEREN AT DEARE

0 5 10 15
Retention time/min
Fig. 6 Chromatograms of rat plasma after treated
with diethyldithiocarbamate (DDTQC)

(A) : blank plasma; (B) : CDDP spiked
plasma (10]pg/ml)
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Fig. 7 SI mass spectrum of Pt(II)-DDTC chelate

Ficisi? s HPLC BRI EZHTHS. & SIMS i
EZEABEDLREDL LTI Y, ThbnAR oK
B Db ) ORGEEN OBIT BRI, Ak
BT L ORIEHCB LT B S0 b 2 M B 58
bha LTt s,

3.3 30 LC/MS AN

i7w LC Hiz Fig. 2 R R LENAED KX EI
Han g —% 2 BRMELLH, Wihi SEdsne
RELDTHEDO DD N3 & REIXMET LY. L
L, —BflELTETL, p-e Vet REERE = 2
TADirse LC 2u=t 7258t nFho EIMS
A7 b {Fig. 8, (G) Ok #— %R} 7 ¥
THE, BB 7 OHB AN R b4
b, RAETORUE BT 5 MBI Bk : Bbh
b, Tihebb, ThAFhO BEHAAvELT m/z 152,
166, 180 23§ Hh, BT I 72 v b A4 v & LTHR
7o m/z 121 (O:C:<=>=O+H<-——->etc.) LE SNt
wwz, Fig. 9 1= PGE D R, fBEefY43T5%5 37w LC
NHDOEHE—~20 FDMS 27 + A%i5i3. LC ©
DREITEARD 250 ng LKLV D2 i B, [M+
Na]* L 1T m/z 375 wBEEBRHBEL, Biike— 7o
HMUT244 4 m/z 357 el bRt B5F, ML
CEWTI)EfE] FAB = SIMS o¥Eicth FD
14 LB XbE vfEibhic{/to%. LalL, FAB
X SIMS 3 LCHEETIXRL, ¥ vEi1 + % PIC
AENFEIET D &, EHMleftnAg + v i gs <AL,
AR Lch, BB 4 e+ 2850
%y, —J, FDMS kTt & 2 ) VB BEIC
FRELTL, HilLfiuEsyeic QM L LOEH
TELFIRD DD, #oT, VvBIREELYE S LT
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L_ 180 |
| s p——— r
0 5 10 100 200
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Fig. 8 Micro-LC chromatogram and EI spectra
of C, : methyl-, C, : ethyl- and C,4 : n-pro-
pyl-ester of p-hydroxybenzoic acid
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] 375 [M+Na]*
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Fig. 9 Field desorption mass spectrum of PGE,

LMV ELEOH LB (EEHT L > TUL, + 7
54D 7w LC/FDMS JFE LD THERAKRTFER
ThHHEERLD.

BEEVWESTHER EEEHERE, S&ERHEL, K
T REEERE MS AsrF—-odEictBphiz Bz
BRIEERE AMEHRITERRLET.
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Analysis of non-volatile compounds by off-
line LC/MS. Haruo IwasucHi, Hisomu NAGASHIMA
and Kanichi Nakamura (Analytical and Metabolic
Research Laboratories, Sankyo Co., Ltd., 1-2-58,
Hiro-machi, Shinagawa-ku, Tokyo 140)

Polar and non-volatile pharmaceutical substances
were analyzed by off-line LC/MS. Cisplatin in rat
plasma was derivatized to a Pt(II)-DDTC chelate by
reaction with sodium diethyldithiocarbamate(DDTC).
VK,-2,3-epoxide, active metabolite of VK;, was
reacted with 2-mercaptoethane sulfonic acid sodium
salt(MESNA) and a VK;~MESNA adduct was obtained
quantitatively. These samples were separated by re-
versed phase paired ion HPLC using phosphate buffer
and acetonitrile. The objective peaks were collected
into a reversed phase mini-column(C8) cartridge
containing 500 to 750 pl of water by means of a pressured
tight valve with low dead volume (5 pl). After dis-
carding most of the inner solvent by connecting to a
vacuum line, 200 pl of acetonitrile was added to achieve
the elution. The eluent was dropped onto a modified
sample holder, and acetonitrile was evaporated under
nitrogen flow. After addition of matrix(glycerol or
m-nitrobenzylalcohol) to the holder, molecular STMS
was conducted to each measurement. The total re-
coveries were achieved to 609%. On the otherhand,
PGE, was able to be determined by field desorption
MS without any special pretreatment i.e. PGE, was
separated by reversed phase micro-L.C using phosphoric
acid solution as a mobile phase, and the corresponding
peak was trapped in a microsyringe (10 pl). The trap-
ped sample was transferred to the silicone emitter. The
present method makes it possible to remove interfering
substances which cause trouble in on-line LG/MS, and
are recognized to be not only simple but also efficient
methods without employing any expensive apparatus.

(Received September 25, 1987)
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