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Gas-phase analytical methods [1} [i.e., gas—liquid ehromatography (GLC)-
Based separations combined with “normal’ detectors, radioactivity monitors,
and mass spectrometers} are employed extensively in drug metabolism and
related studies. The use of radioisotopes in combination with gas—liguid radio-
chromatography (GLRC) in such research is well established {2, 3]. Stable-iso-
tope labeling provides intemal standards for GLC—mass spectrometry (MS)-
based assays [4, 5] and characteristic isotope clusters for MS recognition of
compounds as being drug or substrate-related [6, 7]. We now wish to report
our use of these methads to characterize 2H (deuteritm)- and *H (tritium)-
labeled 7a-hydroxy-5,11-diketotetranorprostane-1,16-dioic acid (I)
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Hamberg [8] and Seyberth et al. [9] have employed the bis-(*EH;-methyl-
oxime},bis-methyl ester. of Za-hydroxy-5,11-diketotetranorprostane-1,16-dioic
acid (FI)* as the internal standard in a GLC—MS assay to demonstrate the
effect of certain drugs upon human urinary éxcretion of I, the major human
urinary metabolite of prostagiandins E; and E,. In using I as the internal
standard it is intreduced after endogenocus I has been partially purified and
derivatized to its bis-methyloxime,bis-methyl ester. We have sought to obtain -

__igheled I in which the *H and °H are hoth present in the prostaglandin metab-
olite per se; so that the intemas! standard can be added to the urine sample at

: "The unde:ivatizéé comgound, isbeled with *H in the 2-position, is prepared biosyntheﬁqa{»—,

Iy froms tritisted 16-keto-prostsglandin E, (15-keta PGE.} 8.9 -
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ﬂié beginning of the assay, thus compensating for yield losses incurred in the’
entire analysis. The present paper describes the use of several gas-phase analyti-
cal methods in characterizing 2H,3H-labeled I prepared by two different means.

EXPERIMENTAL

GLRC was carried out using a Barber-Colman Mode! 5000 instrument in
which the column effluent is split between a flame ionization defector and a2
combustion tube (CuQ—steel-wool at 800°) connected to a proportional
ccunter. GLC—MS data were obtained using an LKB Model 9000 instrument
with the following settings: source temperature, 270°; electron energy, 70 aV;
accelerating voltage, 2.5 kV; trap current, 60 gzA. Derivatization was carried
out as previously reported {9]. )

RESULTS AND DISCUSSION

The first approach to producing the 2H, *H-laheled internal standard involving
its biosynthesis by rabbits from 2H, 3H-labeled 15-keto-PGE,* (see below)
emploved the dosing and isolation procedures reported by Seyberth et al. [3].
However, the second reversed-phase partition chromatographic step used by
these authors was omitted, as it is carried out on the esterified (diazomethane)
isolate and we wished to obtain the free acid.

Xy
235 ‘
?”A _\/;\/cooa
CHy
i 2y
HO 25 Q

By the very nature of its methad of isolation ?H,>H-labeled I must be less
pure than if it had been esterified and carried through the complete isolation
procedure [3]. As radioactivity is used as the measure of the quantity of inter-
nal standard added to an aliquot of urine, the mass added can only be a maxi-
mum. Further, as a result of the side-chain degradation the specific sctivity of
the biosynthesized metabalite must be assumed tc be one-half that of the
tritiated precursor, and this spproximation also results in the introduction of
an additional inaccuracy. Finally, because of the extent and nature of the *H
labeling, the internal standard (in its derivatized form) exhibits a signal at m/e
365 (see below), the ion monitored for quantitation of the endogenous metab-
olite in human urine, S ; . - o

The pertial mass spectrum of *H,’H-labeled 15-keto-PGE, as its bis-mathyl-
oxime,bis-methyl ester trimethylsilyl (TSM) ether is presented in Fig. !. The
most intense signals of the isotapic clusters assaciated with the M-3I (loss aof
OCHj;) and M-(31 + S0) (less of OCH, + TMSOH} ions, m/e 470 and 380,
respectively, indicate that the compound contains three *H per mole, as the
;?;{;‘eﬁponding signals for {he unisbeled compound are found at m/e 467 and
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Fig. 1. Partial mass gpectrum of *H, *H-labeled 15-keto-PGE, ss its bis-methyloxime,i)is-
methyl ester, TMS ether.

The isolate from the rabbit urine was processed through the assay procedure
[9] and the final thin-layer chromatographic (TLC) zone containing the bis-
methyloxime,bis-methyl ester of the metabolite eluted and trimethylsilylated.
Analysis of this derivatized radicactive material by GLRC gave the resulfs
shown in Fig. 2b and ¢. A radioactive component was observed which possessed
the same retention time as the C,; fatty acid methyl ester (Fig. 22} on a non-
polar dimethy! polysilozane stationary phase; this is the GLC behavior reported
by Hamberg and Samuelson {11} for derivatized I from human urine. GLC—
MS of this radicactive component from rahbit urine demonstrated that its mass
spectrum was identical, except for the isotope clusters, to that published [11]
for the human metabolite. The partial mass spectrum of this radioactive com-
pound is given in Fig. 3. Whereas the M- 31 and base peak M-(31 + 30) ions for
derivatized unlabeled metabolite are found at m/e 455 and 365, respectively
{11}, the analogous ions for the radioactive rabbit metabolite are found at m/e
457 and 367. The isotope cluster pattemns further characterize the compound as
being derived from the 2H,’H-labeled 15-keto-PGE,. That the metabolite con-
tains two ?H per mole rather than three is expeected, for a significant loss of
deuterium (and tritium) must resuit from the metabolic transformation.

Taub et al. [12] recently reported the synthesis of I, and this work has been
extended to the preparaticn of the *H,’H-labeled [ [13}. GLC—MS analysis of
this compound as its bis-methyloxime,bis-methyl ester, TMS ether (III) gave
the results presented in Figs. 4 (GLC} and 5 (MS). The two major GLC peaks
are the syr and anti isomers, and the partial mass spectrum of the major isomer
indicates that it contains seven *H per mole, with no signal at m/e 365. GLRC
analysis of the trimethylsitylated TLC zone eluate from’ a urine sample spiked
with this intemnat standard and carried through the assay procedure gave the
results shown in Fig. 6b; the radioactive component possesses, as required, the
same retention behaviour as the €, fatty acid methyl ester. The isotope clusters
of thiz isoiated internal standard were the same as those shown in Fig. 5,
demonstrating that no isctopic exchange occurred during the assay pracedure.

A 20-m! aliquot of urine from a normal adult male was spiked with *H,*H-I
just prior to initiation of the assay procedure [S}; partway through the assay
the bis-CH;-methyloxime},bis-methyl ester of synthetically prepared I {12
was also introduced as per the approach of Seyberth et al. [3]. Calculations
‘bssed on the *H,H-I intémal standard fmoniforing of ions of m/e 365 (endog-
enous I} and 372 (internal standsrd}] gave a value of 0.18 ug I per 20 ml},
- whereas the value obtained based on the other internal standard [monitoring of
_ mns of nt/e 355 and' 368 (mtemai sﬁsndazd}} was G.12 pg [ per 20 mlL. o
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Fig. 2. (a) Gas chromatogram resulting from analysis of mixture of long<chain fatty acid
medlyl esters (C,,—C,,). Column conditions: 6 ft. X 4 mm LD. glaxs U-tube packed with

% 0V-1 dxmethylpo!ysiloxane stationary phase on 86—100 mesk acid-washed and silanized
Gas-Chmm P, 220°; carrier gas flow-rate, 6¢ mi/min. (b) and {c} Simultaneous flime foniza-
tion and radxoacxtmty ‘monitor detaction records resulting from ‘anslysic of derivatized
(bis-methyloxime, bis-methyl ester, THS ether) rahbzt metabohﬁe of ‘K,’H-{ahefed Iﬁ-keto-
PGE,. Column conditions az for (a), S e - . ;

Fig. 3. Pa:tui! mass spectmm of t!xe radxoactwe compound 6@&::117«2 iz ?Eg. 2& o
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Fig. 4. Gas chromatogram resulting from GLC—MS analysis of synthetic 2H, *H-labeled I (bis-
methyloxime,bis-methyl ester, TMS ether). Column canditions: 5 ft. X 3 mm L.B. spiral glass
tube packed with 1.5% SE-36 dimethyl palysiloxane stationary phase on acid-washed and
silanized Gas-Chrom P, 218°; carrier gas flow-rate, 30 mi/min.

Fig. 5. Partial mass spectrum of the major component in the sample described in Fig. 4.
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: Fig. 6: (£} Gsz chiromatogram (flame ionization deteéﬁon);’:jmlﬁng from analysis of mixture
- ¢ ' ; thvyl esters (C,—C; ). Column 2 described in Fig. Z; temperature

- Broprammned from Z10° to 260° at 5 fmin. (b) Radicactivity monitoring detection record.
- tesulting froms analysis of £ trimethylsiiylated TLC zone eluate from a urine sample spiked -
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TABLE [

URINARY OUTPUT OF 7c-HYDROXY-5,11-DIKETOTETRANORPROSTANE-1,16-DICIC
ACID IN SUBIECTS TREATED WITH DIFLUNISAL*

Subject Urinary output (zg per 24 h)
- Control 2nd Day on run 5th Day on run
A 6.5 3.0 ’ 3.9
B 21.2 4.7 29
C 12.6 36 3.5

*375 mg twice a day.

The synthetically prepared 2H,H-I internal standard has been employed in a
study to demonstrate the effect of the new analgesic diflunisal (2',4'-difluoro-4-
hydroxy-1’,1-diphenyl-3-carboxylic acid) upon the urinary exeretion of [ in
normal male subjects [14]. The data in Table I demonstrate that administration
of this drug resulfed in a marked reducticn in urinary output of the PG metab-
olite, presumably reflecting inhibition of PGE, and PGE, biosynthesis.
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