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CHROXI. 15.i9S 

Note 

Separation of prostagiandins and thromboxane 6, by high-resoiution 
gas chromatography coupled to mass spectrometry or electron-capture 
detection 

In recent lears much attention has been focused on the identification and 
measurement of prosta@andins (PC&)‘. It is generally recoFized that mass spectrom- 
etc !!\IS) is the most specific and reliable method so far available for qualitative and 
quantitative analysis of PGs. especially when coupled to high-resolution gas chroma- 
tcgraphy (HRGC)‘.‘. The sensitive electron-capture detector (ECD) can also be 
coupled to HRGC. yielding fairly specific methods of analysis”. The use of HRGC is 
mandatory when the stable cycloouygenase metnbolites of arachidcnic acid [PGF,,. 
PGE?. PGD,. Nieto-PGF,,. rhrombo\ane B2 (TSB,)] ha\e to be analyzed as agroup. 
since these compounds cannot bs sepxated by con\rntionitl packed columns. 

This paper dsals with the development of the simultaneous detection of PGs 
and T‘YB, by HRGC-MS and HRGC-ECD as altemati\e and integrated methods to 
lx used H-hen difkrent degrees of specificit> arc required- A drrivarization procedure 
suitable for the gas-phag analysis of all the compounds to be analyzed and for both 
the detecrors to bz used (MS and ECD). and a simple procedure for preparing high- 
resolution glass capillap columns tailored for PC analysis. were necessary_ 

Quantitative analysis and biologcal applications will be discussed elsewhere. 

Standuds 
PGF,,, PGE,. PGD,. 6-keto-PGF,.. TXB, and 2a.Zb-dihomo-PGF2, Lvere a 

gene:ous gift from Dr. John Pike of the Upjohn Company. Kalamazoo, MI. U.S.A. 

Deriratkation 
The pentafluorobenzyl ester trimethylsilyl ether (PFB-T!%IS) derivatives of 

PGF,, and 3a.2b-dihomo-PGFZz and the pentalluorobenzyl ester methylovime tri- 
methylsilyl erher (PFB-X10-TMS) derivatils of PGE2. PGD,. 6-keto-PGF,, and 
TXB, were prepared as previously described5. 

Jfass spectronretr_v 
An i_KB 2091-051 gas chromatograph-mass spectrometer equipped with an 
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LKB 2130 computer system for data acquisition and calculation was used in the 
electron impact mode. -The gas chromatograph was d DAN1 3800. 

The instrument was used in the selected ion monitoring (SIM) mode and was 
tuned on the following ions: t~z/-_ 301 for TXB,, 461 for PGE,, 544 for PGDl and 6- 
keto-PGF,,, 589 for PGFz, and 527 for ZaJb-dihomo-PGF,, which was used as 
internal standard for quantitative work. The instrumental conditions were as foiiows: 
ion source temperature, 250°C; electron ener_q, 22.5 eV; trap current, 100 ,uA; ac- 
celerating voltage, 3.5 kV; source slit width, 0.1 mm; collector slit width. 0.3 mm; 
resolution, 650. The mass spectra (recorded at 2.33 kV, 22.5 eV and resolution 900) 
are shown in Figs. 11, the salient fragments are assigned in Table I and the structures 
of the derivatives are shown in Fig. 5. 

Eiecfron-captre derecrion 

A low dead-volume 63Ni detector (DAN1 ECD 36/3), especially designed for 
connection to capillary columns, was used on a DAN1 3900 gas chromatopaph. 

High-resolution gus chromatograph> 

Support-coated open tubular (SCOT) capiiiary columns were prepared by a 
procedure developed in our laboratory as a modification of the method described by 
German and Homing6. Glass capillary columns (0.9 mm O-D., 0.3 mm I.D.) were 
drawn using a Shimadzu GDM 1 drawing machine. A 150cm Pyrex glass tube (S mm 
I.D., 3 mm I.D.) yields a coil about 90 m ion,, 0 with a diameter of 12 cm. In this study 
30-m columns were employed. The giass column was rinsed with a small amount of 
acetone. A chloroform plug was then introduced under air pressure (i atm) in order 
to wet the column wall; this was followed by a plug (309< of the column internal 
volume) of the support suspension consisting of 3 “A LiChrosorb. 0.25 “A OV- IO 1 and 
0.25 0,: OV-17 in chloroform-carbon tetrachioride-methanol (50:39: 1 v/v)_ This sus- 
pension was forced through the column at a rate of about 1.5 cm/set. The column was 
dried under an air stream for 3 h at room temperature, then coated with additional 
liquid phase by the same technique used for the support coating. A plug (3Og, of 
column internal volume) of a chloroform solution containing I “/b of OV- I Ol-OV- 17 
(S:2 v/v) was moved through the column at a rate of about 3 cm/set. The column was 
then dried under an air flow for 12 h at room temperature. In the conditioning step 
the column was heated by increasing the temperature from 5OC to 26O’C at a rate of 
O.S’C/min under a helium flow (1 atm head pressure). 

RESULTS AND DISCUSSION 

Derivatkation 
Of the many different derivatives descrilxd in the literature for CC analysis of 

prostaglandins. the PFB-MO-TMS derivatives were chosen since they yielded sat- 
isfactory results in terms of GC properties, ECD and IMS response and stability. 
These derivatives show single, well shaped peaks for each compound, except for 
PGE,-PFB-MO-TMS, whose sFn-anti isomers can be seen as well separated peaks. 
The PFB-MO-TMS derivatives, which are reportzdiy excellent for ECD anaiysis4. 
also gave satisfactory results when anaiysed by MS. The mass spectra of the deriva- 
tives, shown in Figs. 14. give significant intense ions in the high mass range. SO that 
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FIN 5 Structures d PFB-MO-TM!3 and PFB-TMS dorwdlrwb oI- prast&mdm and TXB, 

specrfic and sensltl\e responses are obadlned when the SIM techmque IS used 
A typlcnl SIM analys~$ of authentic PGs and TXB IS shown In Rg 6 
Fmally. as previously pornted out for 6-k~to-PGF,,5, these denv,atlves drr: 

stable for martths when kept ln b,rs(tnmethylsllyl)trltluoroa~t~mlde (BSTFA} solu- 
llQfl, 

Ccduznns were charactenztd wrllh respect to the Isothermal separatron of tetrd- 
CCWIK. at I IWC, revcahng J typical theorettcal plate eiI~c~ency of about 1900 plates 
per metre A TZ parameter of 7 3 was &tamed by m]ectrng tetrad&me and penld- 
decdne No srgnlficant drop in column etF~c~~~cy was noted after months of dally USC 

These cohunns proved pdrtrcularly sultable for prostdgldndln dnalysrs. wince 
complele separdtlon of ai the iYIdJ?lor mctdbalrte\ of atxhrdonrc dcld vid the cycle- 
oxygenase pathway CEI~I be obtarned in d relatively short time (Fig 7) The com- 
p~s~bun of the stationary phase rmrturc used for column caatlng seems to be Crlticnl 
for the separatmn of all the compounds, and columns prepared wth less polar phase 
mlxtlrres +%d not completely separate PGF,,-PFB-TMS from the PGE,-PFB-MO- 
TMS mmor isomer 

Interesting features of the method desmbed are the constant and reproducrblc 
chromatographlc propertIes of columns and the short time reqmred for column prep- 
aration IU that no tlme-consumlng deactlvatlon steps are required 

As we prevle~sly demonstr,&d for Gketo-PGF,,, HRGC-ECD can be suc- 
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Fig. 6. Selected ion monitoring of (1) PGFz,, (2) PGEz minor isomer, (3) PGDz, (4) PGEl major isomer, 
(5) TXB,, (6) Bketo-PGF,,, (7) 2a,Zb-dihomo-PGF,,. Column: 30 m OV-IOI-OV-17 (8:2), 220°C iso- 
thermal. Carrier gas: helium. 25 cm&c. 

Fig. 7. HRGC-ECD separation. Compounds and conditions as in Fig. 6. 

cessfully used for PG analysis_ A typical ECD chromatogram of authentic PGs is 
shown in Fig. 7 HRGC-ECD is a simple, sensitive and fairly specific alternative 
method for PG determination in selected experimental models previously charac- 
terized by mass spectrometry. If numerous samples have to be analyzed, the com- 
bined use of -HRGC-MS and, HRGC-ECD may be convenient using the ,$rst tech- 
nique mainly for identification work and the second for.ro.utine,quantitation. 

Studies in progress on the aiiplicability of .this technique -to. complex biological 
ma&i&s show that ,a c&ical aspect of HRGC-ECD is,that it requires greater purifi- 
cation of biologicaLsamples than HRGC-MS; this question will be discussed in detail 
in a subsequent paper. 
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