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Application of isotopic fractionation for tracer study -

Shoji SERA, Harumi IKEDA and Tsuyoshi GOROMARU

ABSTRACT

Isotope effect on retention time has been found in gas
chromatography and high-performance liquid chrométo—
graphy. In the case of deuterium or tritium labeled
compound, the difference was suffcient to induce complete
fractionation between unlabeled- and labeledforms in
particular condition. In this review, we show the isotope.
effect on chromatography and the application of isotopic

fractionation for tracer study.
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Fig.1 Selected ion monitoring of an equimolar mixture of
phenylbutazone methyl derivative (PB—Me, monitoring at
m/z 322) and deuterated phenylbutazone methyl derevative
(PB—Me—?H,,, monitoring at m/z 332) .

GC conditions: 1.5% OV—17, 1m X 3mm, operated at 270C
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Fig.4 Gas chromatographic sepa-
ration of aminopyrine (AM) and
Deuterated aminopyrines (AM—2%H;
and AM—H,).
GC conditions: CBP1—M25—025,

25m, operated at 180T
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Fig.5 Effect of column temperature
on separation of protio— and

deutero—aminopyrines.
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Table 1. Structure and deuterium contents of deuterated
isopropylantipyrines
Ry =0
N
R} 1;‘ “R,
R,
Number of
Compound R, R, R, R4 labeled Atom%D
atoms
IPA C¢Hs CH, CH, CH(CH,), 0 0
IPA-?H-1 CeDs; CH, CH, CH(CH,), 5 97.5
IPA-*H-2 C¢H; CD, CH, CH(CH,), 3 99.6
IPA-H-3 CeH; CH, CD, CH(CH,), 3 96.4
IPA*H-4 CeH; CH, CH, CH(CD,), 6 83.6
IPA-’H-5 C¢Ds; CH, CD, CH(CH,), 8 97.4
IPA-’H-6 CgHs; CD, CD, CH(CH,, 6 . 99.4
IPA-2H-7 C4Hs; CH, CD, CH(CD;), 9 88.2
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Fig.6 Effect of labeled deuterium atoms on the separation of
various deuterated analogues from isopropylantipyrine.

Table 2. Deuterium contents and peak width of IPA—?H—3

Exchange Deuterated species (%) Deuterium Peak
Compound medium contents  width
2H,0+H,0 H, *H, 2H, ?H; (atom%D) (min)

IPA 0% 100% 1000 00 00 00 0.0 0.38
IPA-’H, 20% 80% 750 218 32 0.0 9.3 0.48
IPA-TH, 40% 60% 540 331 119 19 213 0.52
IPA-2H, 60% 40% 19.7 362 336 1038 45.2 0.56
IPA-2H, 80% 20% 19.3 258 317 232 539 0.58
IPA-*H-3  100% 0% 0.0 04 100 89.6 96.4 0.38
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Fig.7 Gas chromatogram of serum
extract after I.V. administration of FT to
patient. _

GC conditions: CBP1—M25—025, 25m,
operated at 260C

Hzcn,—rO-N‘-cH;cH,
e ©
‘_1‘11 ' |

0 5 10 15 min




7rRi—N (PF) GBERARFOBIRKBRE TS LM, 7=/ —VFEETRILL
DT BERFSC L VBRPEI AHEALND 5, COEERRRT L IIAMLEFRS
FInERHTHY ., *He b RO 2H 2 BMAB L1z, Fig. 8 CHF B##E ML LTCEC
DRI LAEBEDOPF, *He SRV H . SHEOSEERRTH, 50mHI 7L ED T h
L3EYERECHHMATTAZENTETH S, 256mHB 5 A THI20CTPF &2Hy,
HI S EEREC 41 L BiF e 7R R LAIERM G 100BE TH 5 08, Sl 208K
THIFHEHM L2 FERTETH 52, XOPFOBACIERARE Y RT
CERTFRENIHMEREC LS b L—y—PED, BECKOHREEAORBLA
OB EE LTV 3, | |

OH CD,
O
PF-2H,
| OH
PF Fig.8 Gas chromatographic separation
of propofol (PF) and deuterated propofols
(PF—®H, and PF—?Hy,) .
CD;OH €Dy GC conditions: CBP5—M50—025, 50m,
DsC €Dy operated at 120°C -
PF-!H.,\

SHE A BT % AR S EER L LTI T , A AR DO WTOBRERD Do T H A I2H
bEMAREERS T TREARMEHERIREINS, Hy HARHT AR ERGCIR LD
LSS S EATHET, BEAMABERY S 2 2BV TERARE TOIHO S L [
WARL LR TE D FROMBEAER AT TO S HOEEL LB L TBLRREh
TWw322),

4. HPLCICHTZREEHR
HPLCRGC&RRA )M LIRS R ENTES LAl b, BHARRMOBRS
BIESEL D clean up BAECFIAINB L O > TELN, FRIEONCTERA L JEE
BAOEBOMENRE S h B BL L2 T, MELLAWOHP LCK & %MK
BEOFE LTRERNYEYEFDIHE, MV EFD?Hg 2 ¥HELHPL CTH
HLEHELRH 528, 1mx1.2mmDODSH J &% AVH,0—MeOHR THEER



ALTVBE, XY EY TRSEERIL.08. bz Y TROERRL.09L T h b DED
WHAEM 5T, GCEDOHEBDOFER, HP L C TREWERBROE 1 7 4T HE
M slce 2 Elod 5 2 LoHERHI R, T RBRTDOTr gGC 9 4 Diuifrhys
E%2H, kb (Fig.9) 2HVTRANMNEERS 2T D EHERHPLCR LA D
BHZT->BE TR, HEOHHARLS DELRELTRIILSEEI NS Z ERATH
bhTWA2Y), ZDFERIE30cmX 4 mm®D pPorasilh 7 2% FAVT W55, BEHEO
p HE L 0 5 HEHR AL LBERGTRIBVLSEEE R Ly EARERC L o BEOF.O
THAIBRETFOUELBTAZ L LVBREEMET T 20 EHEEII 5,

peshe or 0

D D DN\CH Q—N R:CH; Mianserin
} ' \R R:CD; Deuterium labeled
R:CT;  Tritium labeled

Fig.9 Structure of Org GC 94—2H.1 Fig.10 Structures of mianserin and its
labeled forms

Br
0
HO T RZCH3
R:CD;,
@ RICT3

Fig.11 Structures of SK&F 83566 and its labeled forms

SH EHEOHPLCTORMBHEOFELTE, I7VHYYDON—AFLES
C ZHRSHTER LI 2Ha (k3 H 4k (Fig.10) L OS5BER D 5, IHERHPLCIK LY
HK13%. D145, THI5S & 3EPHELCS IR, ZhiZH<*H<’HoJRii&
RS 5 ciRinunh EBbh 525, 20k 5 KN— 2 F 3% SHER LB
SEOHPLCREBIARERIAFYELLER, EAER, YERBEA LR, LSDK
BLTHLBRDOND, £ AHOPENSK&F83566 (Fig.11) ON— 2 F A% 2H
BHHCIHER LLBECIADOhp HEKE LSBT LR 558, O—
FNFBHTIEN — A FAEOERCHANTERC L2 HEI NI p HOFELRD S
RTWEW), £ 3753 VEBVWTONRFEED 3™ A5’ fLOSHEHRK LY
RERRNEILT 5 Z ERWMEZh TV 527,

B R O EBAL AW O M LEOMERE Tk Ao—FcIEEREs (HiE) %
FMLHPLCR XY HEOE— 27 2 UVERHLTHML, ZoheaT s itErd &



CMELZRDDZENTbhS, ZOHETEIHEALESELAYWRHPLCKBWTH—
BBELDHZERTMBRTHS, EIAHH, 7LF=vrv2® 2rx31vD?P 0
SHESATRIHLAEUVE— 7 LHRAEE— 7 L3~ T, FHER TR —
IR, IBHRTRUVE—-7 DR Lico HELTHhEDZDLS>HPL
CEHOMBRIIF— I vEIVETOREWDOPACH  HE#RFLE W THRDH A
630)0

BCrMCE#BMGE S VWTOHPLCRERI ZREUAREE RT3, 15cmD
ODSHI7 Rk EDK—TE b= IAREBEHEE LIEBE, My vE>0wT [1—
BCl vty veod vy YRIEBRERKRHEOMBELRD D, PCHIEHTH L, %
#=[3,4,5=3H] rAvv& [1-"C]l o4 v YORAHWHPLCHER LLBEA,
BHEOHE BT — 7 DML TR HOBE TR COBMERAX LY,
ESEOHPLCEHNFLLI RV ENHB LI, COZ LR _BEBRECILRIE
BEEWT, HPLCR IABHUAAELMBAEATHWAEZEEZTRTIDTH 5,

HEDE>E, GCRENTHPLC TRBEOSHEECHE TS DERTHORE
PEEINHNE L, ERIER L RERMECS T 2BERN ) B DR EORKR
BBb, BT I /LAY TRIERLC IV pKakBEHBELEZEWbhTED, Th
BHPLCZEBOREHDOFERDO—>EEbI 5,

5. HP L CIC&ZRIESBERIE

HPLCR BRI 52 BEHBRADORAMAEZREFIH L TG COHE & BRI RO A5 B F
BLEYETHAHELR DS, INVIEEVELZDODEELIV 7 2= b vV ELDDEKKD
D TCRIERHEIA Z R Eh305 . 407 EREMZET 2L DORBETLEFEERBE LR T
530, FLBBHARF Y ETIV— AT ARBEHLAFAT I VELD HEREE 7 A A
VoA YAV FAYTE—rELT3mA I 22HVWTCHBT TREELETELEON
'CL\Z)Bs)o

B4 OPFEETH G C B\ TRAMEHHENZED b h Bk 23, HPLCE®
35 EMESEER R LTRSS E, Table3SRRTLOR 72T RSV, T2= A
VA VTREATYFEYYRET I ) ) VRADELBRON S ARBICL Y, i
FTEERTHERBLND LR Lz, ARRIEVIHEZEST S L DOBEB K HNE
SHENfT Ay HPLC 3 ¥ L RAMGEFRONCFHANTE TS S, GCRBVWTRHEED
hEDOSEITEHME L D SERBEAEROTNAEXSEET M, HPLCREBWTIE
AV7aEArTVYFEY)VYOFE, IPA-2H-7X931PA—-2H-50DFERK
&L\ 72 =N EOEBRERTD - o

%*ZTy HPLCR X 2EMGSEELXFIAL TNV~ —EREPRALBZ L L,

11—



Table.3 Isotopic fractionation of deuterated compounds on HPLC

Compound Column  Mobile Retention time(min) Rs
(cm) - phase D-form H-form
phenylbutazone->H, 15  A(40:60)  34.01 35.29 0.947
phenytoin-"H;p 25 A(60:40)  42.96 45.40 0.946
PA-’H-7 25  B(60:40) 5420 55.85 0.585
PA-H-5 25  B(60:40) 5548 57.55 0.857
aminopyrine-"Hy 25 C(75:25)  68.97 72.15 1.087

HPLC conditions: ODS-80Ty, 0.1%H;P0,:MeOH(A}, H,0:MeOH(B),
10mM K;PO,:MeOH(C) ‘
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Fig.12 Liquid chromatograms of urine extract with (A) or without (B)

hydrolysis after administration of benzoic acid—?Hs (BA—?H;) to man.
HPLC conditions: ODS—80Ty, 25cmX4.6mm, 0.1%H;PO,—MeOH
(70:30(A), 95:5(B))
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Fig.13 Excretion rate of hippuric acid (HA) and its deuterated form
(HA—"H;) after administration of benzoic acid —?H; in man.
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