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SUMMARY

A method for the complete separation and selective ion monitoring of five
kinds of primary prostaglandins was developed involving gas chromatography (GC)
and gas chromatography—mass spectrometry (GC-MS) using dimethylethylsilyl and
dimethyl-n-propylsilyl imidazoles as silylating agents. Of these derivatives of prosta-
glandins, the dimethylethylsilyl ether derivative provided the most suitable properties
in GC and GC-MS. The method described will be useful for the profile analysis of

biologically important prostaglandins.

INTRODUCTION

In order to clarify the physiological role of individual prostaglandins (PGs), it
is necessary-to develop a microanalytical method that permits their determination
simultaneously in biological specimens because primary prostaglandins play diverse
roles in different tissues.

Thus, various PGs have been detected and determined by gas chromatography
with electron-capture detection'-3, radioimmunoassay* and gas chromatography—
mass spectrometry (GC-MS)*-¢. GC-MS is the most powerful technique in this area
because it provides information that might otherwise be unobtainable.

Trimethylsilylation has been widely used as a derivatization procedure for the
protection of labile hydroxyl groups in PGs as it affords more volatile and thermally
stable derivatives. As PGs have similar chemical structures, it has been thought that
the use of GC separation in determining their metabolic profile is very difficult when
analyses are based on the use of trimethylsilyl (TMS) ether derivatives’.

Although Vane and Horning® developed a GC method for determining the
metabolic profile of PGs by use of their persilyl derivatives, it is difficult to apply
this method to the quantitation of each component in a mixture of PGs. Consequently,
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it is normally necessary to separate them by means of other tedious chrematographic
steps prior to GC-MS°.

In earlier work!?-L, the dimethylethylsilyl (DMES)ether derivatives of hydroxy-
steroids, which were derivatized with DMES-imidazole (DMES-I), showed excellent
GC-MS properties. Recently, we have found these derivatives to be useful for the
GC separation of bile acids®? and biogenic amines!3.

This paper deals with the GC-MS properties and stability of DMES ether
derivatives of PG methyl esters in relation to the determipation of metabolic profiles.

EXPERIMENTAL

Gas chromatography
A Shimadzu GC-5AP gas chromatograph equipped with a flame-ionization
detector was employed. The glass column had dimensions of 3m X 2.5 mm L.D._ and
~ was packed with 19, OV-101 (Ohio Valley Co., Marietta, Ohio, U.S.A.) on Gas-
Chrom Q (80-100 mesh) (Applied Science Labs., State College, Pa., U.S.A.). The
temperature of the column oven was maintained at 240°, except that in profile analysis
it was programmed from 180° to 300° at the rate of 2°/min. The flow-rate of the
carrier gas (helium) was 40 ml/min. The temperature of the injection port and de-
tector was 290°.

Mass spectrometry

An LKB S009B GC-MS system equipped with a data-processing system was
employed. The column was as above. The temperature of the column oven was main-
tained at 240° and the flow-rate of the carrier gas (helium) was 30 ml/min. The tem-
perature of the injection port and separator was 280° and the ionization source was
kept at 290°. The accelerating energy and trap current were 70 ¢V and 60 uA, respec-

tively.

Samples and reagents
The PGs used (PGD,, PGE,, PGE,, PGF;q and PGF,.) were kindly supplied
by Ono Pharmaceutical Co. (Osaka, Japan).

TMS-imidazole (TSIM) and methoxyiamine hydrochloride were purchased
from Tokyo Kasei Kogvo Co. (Tokyo, Japan). DMES-I and dimethyl-n-propyl-
silylimidazole (DMPS-I) were synthesized in our laboratory by the method described
previouslyl®.

Derivatization

The PG methyl ester and methoxime methyl ester derivatives were preparad
according to the procedure of Gréen!s. To 0.1-0.2 mg of the above derivatives, 100 ul
of silylating agent were added and the mixture was allowed to stand at room tempera-
ture for 2 h. The DMES ether derivatives were chromatographed over silica gel with
n-hexane and eluted with 20 ml of benzene—diethyl ether (95:5). After evaporation of
the solvent, the residue was dissolved in #n-hexane (100 g«l) and used for GC and
GC-MS analysis.

In order to examine the stability of the DMES ether derivative of PGF,q methyl
ester on storage, a dilute solution of the DMES ether of PGF,s methyl ester (10
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ng/ml) containing cholestane as an internal standard was prepared. The peak area
ratio of this derivative to an internal standard was determined at intervals during 2
weeks using selective ion detection.

RESULTS AND DISCUSSION

PGD,, PGE,, PGE,, PGF,¢ and PGF,, were used as model compounds in
order to investigate the derivatization and GC separation conditions.

PGF,q and PGF,, were converted smoothly into the methyl ester-O-silyl ether
derivatives by treatment with diazomethane and then with TSIM and DMES-I. When
PGD,, PGE, and PGE, methyl esters, which contain a carbonyl group, were treated
directly with silylating agents, the desired derivatives could not be obtained because
of their conversion into compounds of the PGB series and into enol ethers, owing
to dehydration and enolization in the silylation process. Ketonic samples were ac-
cordingly converted into the methoxime derivatives prior to silylation in order to
prevent the above conversions. However, GC revealed that each of the silyl ether
derivatives of oxime methyl esters gave two well resolved peaks due to syr- and anri-
forms in their gas chromatograms, as reporied by Gréen'*.

The ratio of syn- and anti-isomers of the methoxime, benzyloxime and silyl-
oxime derivatives in the gas chromatograms was investigated. The ratio of the
isomers in the methoxime derivative was about 3:1-4:1, while the ratios of the
isomers in the other two oximes were almost 1:1.

The silyl ether methyl esters of the PGF series and the silyl ether methoxime
methyl esters of the PGD and PGE series gave well shaped peaks when non-polar
liquid stationary phases were used, whereas with polar liquid stationary phases they
appeared as poorly shaped peaks on the gas chromatograms.

Table I shows the GC results for the above mentioned derivatives obtained

using OV-101.

TABLE X

GAS CHROMATOGRAPHIC DATA OF THE TMS, DMES AND DMPS ETHER DERIVA-
TIVES OF FIVE REPRESENTATIVE PGs

PG = prostaglandins, MU = methylene unit, 4 [Unlge: ;p = MUpmeser pyesy) — MUnus-

PG MU values A [Um] values

TMS DMES DMPS A [Umjg A[Um]jp
PGD, 27.15 29.12 30.13 1.97 298
PGE, 27.60 29.52 30.53 1.92 293
PGE; 27.43 29.33 30.33 1.90 290
PGFiq 27.36 30.24 31.70 288 4.34
PGF;q 27.06 29.87 31.36 2.81 430

The A[Um] values, which are defined as the difference betweenr the methylene
unit values of 2 TMS and a DMES ether of each PG, were in agreement with those
of di- and trihydroxysteroids described previously'®!. The retention times of the
DMES ether derivatives were longer than thoss of the corresponding TMS ether
derivatives.

As shown in Table I the retention times of the TMS ether derivatives of these
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PGs increased in the order of PGF,; < PGD, < PGF,s < PGE, < PGE,, but these
PGs could not be separated by this method. On the other hand, the retention times
of the DMES and the DMPS ether derivatives increased in the order of PGD, <
PGE, < PGE, << PGF,;z << PGF,q. The separation of PGE,, PGF;z and PGF,; was
enhanced with an increase in the number of carbon atoms in the silyl ether groups,
whereas the separation of PGE; and PGE, gradually became incomplete.

Fig. 1 shows a GC separation of the TMS and DMES ethers of the above

derivatives. Of these, the DMES ether derivatives were the most suitable for the
complete separation of PGs.
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Fig. 1. Gas chromatograms of (a) the TMS and (b) the DMES ether derivatives of an authentic
mixture of PG methyl esters and methoxime methyl esters.

Fig. 2 shows the mass spectra of the TMS and DMES ether derivatives of
PGF¥,, methyl esters. The appearance of the molecular ion, although in low abundance,
was sufficient to confirm the structure of the expected derivative and the- shift of the
molecular ion from m/e 584 to 626 indicates the incorporation of the DMES group
into PGF,,. The DMES ether was characterized by the molecular ion clusters M,
[M — 15]* and [M — 29]*, as described previously'®-!!,

A comparison of the mass spectrum of the DMES ether with that of the TMS
ether indicated that the fragment ion at m/e 555 was formed by the elimination of
CsH,; (the side-chain of C,;4-C,,) from the molecular ion. The ions at mfe 522 and
451 resulted from the elimination of dimethylethylsilanol (DMESOH) from the
molecular ion and from the ion at mfe 522, respecﬂvely

The relative intensities of the characteristic ions from the DMES ether ap-
pearing in the high mass region, such as my/e 555, 522 and 451, were enhanced in
comparison with the corresponding ions from the TMS ether. -
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Fig. 2. Mass spectra of (a) the TMS and (b) the DMES ether derivatives of PGF,. methyl esters.

The mass fragmentation of the DMES ether derivatives was in agreement with
that of the TMS ether, except that the m/e values of the ion retaining the dimethyl-
ethylsilyloxy group in it were shifted by 14 # mass units, where n denotes the number
of hydroxyl groups in the PGs. The above results suggest that the A[Um)] values and
the shift of 14 n mass units might be useful in estimating the number of hydroxyl
groups in PGs and their metabolites. -

Fig. 3 shows the mass spectra of the major isomers of methoxime DMES ethers
of PGE,, PGE, and PGD, methyl esters.

The fragmentations of these derivatives were in agreement with those of the
corresponding TMS ethers, except for the 28 mass unit shift due to the presence of
two hydroxyl groups. In the mass spectra of the isomers of the methoxime DMES
ether derivatives of PGE. methyl esters, the relative intensities of the ions in the
major isomer were widely different from those in the minor isomer; in the former,
the base peak was at mfe 239, but that of the latter was the ion at m/e 496, which was
formed by the elimination of the C;H,, group from the molecular ion. However, in
both isomers of methoxime DMES ether derivatives of PGD, methyl esters, the ion
at m/e 496 was observed as the base peak in their mass spectra. The mass spectral
pattern of the major isomer of the methoxime DMES ether derivative of PGD,
methyl ester was similar to that of the minor isomer of the methoxime DMES ether
derivative of PGE, methyl ester. These fragmentations were very similar to those of
the corresponding TMS ether derivatives.

To investigate the stability of the DMES ether derivative, the DMES ether
derivative of PGF,e methyl ester was used as a model compound. The stability of this
derivative on storage is shown in Fig. 4. This DMES ether derivative was unaltered
after 2 weeks, while the corresponding TMS ether derivative was decomposed to the
extent of more than 309%. This observation confirms the relative stability of the
DMPS ether derivatives of catecholamines?3. )

Further, the recovery of the DMES ether derivative in the eluate from a silica
gel column was more than 95%;. DMES ether derivatives may thus be convenient for
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Fig. 3. Mass spectra of the DMES ether derivatives of () PGE;, (b) PGE; and (c) PGD; methoxime
methyl esters.
use with silica gel column chromatography in methods for the purification of PG

extracts from biological samples.
Fig. 5 shows conventional mass chromatograms of the above derivatives of five
representative PGs using characteristic fragment ions: mfe 496 (PGD,), m/e 453
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Fig. 4. Comparison of the storage stability of the TMS and DMES ether derivatives of PGF;.. methy!
esters at-room temperature,
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(PGFya), mfe 451 (PGFya), mfe 311 (PGEy) and m/e 309 (PGE,). These PGs were

separated completely, as shown.
"~ In conclusion, dimethylethylsilylation of PGs makes it possibie to enhance

their GC separation and stability. These derivatives may be useful for determining
the metabolic profiles on prostaglandins. Biomedical applications of the method will
be published elsewhere.
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Fig. 5. Mass chromatographic separation of the DMES ether derivatives of PG methyl esters and
methoxime methyl esters: (1) PGD»; (2) PGE:;; (3) PGE,; (4) PGF;c; (5) PGFia.
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