
Shoti chrnmunication 

Separation ant? identification of unsaturated steroids by combined gas chro- 
matogpaphy-m~§spectron%et~withSi[ano~-~pegI~~opentubu(arcoIumnr 

A combined gas chromatograph-mass spectrometer equipped with packed 
columns is a uniquely poweL_frrl tool for the simultaneous separation acd identifica- , 

tion of the components of complex organic mixtures. After some eartrer dificulties, 
a number of investigators have reported procedures for the preparation of repro- 
ducible, thermostabIe glass open trrbular chromatographx columnsfA. injectors 
which confom to the criticaf requirements of these columns have been developed5p6 
and the impact of these has fed to a burgeoning of applications of these columns to 
biochemical problems. Several successful techniques for the connection of open 
tubufar columns to mass spectrometers have demonstrated a signific2ntly enhanced 
performance of the combined instrument in the anafysis of complex mixtures7 g. 
Advances in analytical techniques based on glass open tubular columns have been 
reported in a recent symposium p_ We report the application of Siianox-type gfass 
open tubular columns to the gas chromatoraphic-mass spectrametric (W-MS) 
analysis of two mistures of steroids differin g in respect of stereochemistry and/or 
unsaturation witin the steroid nucleus. 

EXPERIhfEWl-AL 

Open tubular glass splrais were drawn from G-mm light-waiIed Pyrex glass 
tubing in a device constructed according to the design of Desty er al.‘O to aG internal 
diameter of (3.5 t 0.01 mm. The coIumn blarrks nere inactivated by a gas phase 
silaniz&ion methodfL 2nd were coated with 6-LO;um SiIanox@ (Cabot Corp., 
BiHericia, Mass., USA), a finely divided silylated fumed silicon dioxide, and OV-l 
methyl silicone stationary phase (Applred Scier,ce Labs., State College, Pa., U.S.A.) 
by the method of German and Horniog’. 

These columns were installed in an LKB 9ooO gas chromatograph-mass 
spectrometer (IKE, Stockholm-Bromma. &eden) with a “fatling needle” type dry 
injector de&&. The discrepancy between column effluent Bow-rate (66 mljmin) and 
the Aow requirement for optimum performance of the tFo-stage stainless steel jet- 
orifice separator (30 mI/min) was overcome by the add;tion of gas to the effZuent at 
the column outlet. This was accomplished without signik2nt reduction in chromato- 
graphic e%Eency by means of 2 ?nake-up“ device which added the ex’kz g2s to the 
cofumn effluent in 2 fammar fashion”. The carrier gas (heGum) fiow-rate through the 



column ~2s mai~t&ied at 5 _mI:mIn, 2nd the suppIement2ry Bow of hdinm at ap- 
prwximately 2.5 mifmin. MS condilrions were: separator and source temperature. 

_ 270”; Barneat exmssion CEL re& 70 .uft: electJon energy, 70 eV. 
Pzcked-cohmm GC ~2; czrried out on 2 Perkin-Elmer Model SSt gas chro- 

mato,gz~ph eqmpped with i Same icrJz2tion detector. A 9-ft. &.ss spiral column of 
3.5 mm I.D. 55’2s packed ~vith 1% 6V-I coated 0x1 iX-120 -mesh Gas-Chrom Q 
fP_?pIied Science Labs.) 2nJ ?hc cariier gas (niZuger;) flow-rate was 40 mI/min. 

Refercntx materials were obtiined from the fof!o&iing sources: 4’-andrasten- 
30”-01 artd 5a-androsxaan-3~-ol, MedicaE Research Councit Steroid Reference Co&c- 
tion (WestGeld College, London, Grear Britzm); d’,‘42ndrostadien-3g-oI, dE6,5c- 
androsten-3a-ol,~“,Sa-ar,droste~-3B-oE and4 ‘“,S@-androsten-3c-of.Dr. G. F. Woods, 
Organon Research Labs. (Newtrouse, Greeat Britain) : Sc;-andrataa-3a-31. fkapharm 
(Ramat-Gan, Israel); A’. A’ rend A 8fP~-Scr-cholestenes and 4”- 2nd LS5-chofestene: Dr. 
P. Bladon (Uniuersfty of Strathclyde, Glasgow, Great Briitain). 

Tri_methyIsifyI ethers were prepared ia neat bis(trimethyfsllyf)a~~de at 65” 
for 30 min, 2nd excess reagent ~2s removed Eiider a stream of dry nitrogen. SoEutiorrs 
for analysis were in nanogr2de hexane st 2 coixent~2tion of I pg!& 

Fig. 1A llIustr2tes the separstion of 2 six-component mixture consisting of 
d ‘“.5x-adrosten-3o-ol (a), d z6,S~-2ndrosten-3a-ol fb), d s~‘6-2nd:ost2dien-3@-ol (c), 
4 f”tfo-2F_drosten-3~-o~ (d), _if5-aa&osteen-3&oB (e) arrd Sa-androstan-3$-ol (f), 8s 
their trimethylsilyl ethers. As expected, tie 3a/3B hldroxy epimers (2. d) 2nd the %x/5$ 
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epimers (G b) were well separated by packed-column chromatography. However, the 
3/J-hydroxy-Ai6 and rin, Q D saturated J5/5a p&s (c~ d and e, f respectively] were eluted 
as single unresolved peaks. Fig. LB illustrates the marked improvement in chromato- 
graphic resoh&ion afforded by a 50-m &ss opeo tub&r column. AIIsix components 
were Nelf resolved, and mass spectra obtained at the apex of each component corre- 
sponded closely to those reccrded for the individual derivatives. 

This model separation has relevance for the analyticA characterisation of the 
~I’~-steroids that occur as porcine pheromones”-“. 

Fig. 3 represents the separation of two mixtures of closely related choiestenes. 
The dry injection system, whereby samples are introduced v&hout solvent: obviates 
the need for isotatioo of the spectrometer ioz source during analysis. The undisturbed 
baseline afso peltits the use of intercatated injections (as in Fig. 2) affording efficient 
use of mstrument time. _4n additiona! convenience is the option of loading the injector 
VCi:h a RUMbtr of separate SOfUtIOnS, FWEOtiFl, 0 the solvent and injecting the combined 
sample. 
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Fig 2. Total ionization chromzto_gam with 5(3-m &ss open tubular column coated ~rth OV-1 over 
Si!anox of two suaxssiue kjnjectiors (zt I a.&~). a = Chofestd-ene; b = Sa-choled-2tae; c = cholest- 
Scene; d = Sa-choIest-3-ene; f = Sa-chokst-S@j-ex. Carrier gzs (heIiurn) flow-Me, S d/mifl; cot- 
umn temperdure9 Zsfl’. 

The mixtures iri Fig. 2 represent difficcit chromatographic separations which 
with the Ese of converrtror,al packed columns would result in Iarsely unresopded peaks. 
The facility demonstrzfed her:: is being applied in the analysis of mixtures of natural 
&3~OidS. 

ACKNOWLEDGEMEhT’fl 

We rhank Dr. r. _MacIean (The Distillers Co., Ltd.) for glass column-drawing 
facilities, and the Medical Research Council for a project grant. 




