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Short Communication

Gas chromatography in the analysis of urinary pregnanediol*

Separation of a wide range of pure steroids by gas chromatography has been accom-
plished recently (reviewed by HORNING e @l.1). Rapidity is a great advantage of this
technique over other chromatographic methods used in steroid analysis. Little work
has yet been reported on the application of gas chromatography to the analysis of
urinary steroids as distinct from pure steroids. In this study the gas chromatographic
technique was evaluated as a method which could give rapid and accurate results in
the analysis of pregnanediol in pregnancy urine.

Apparalus

The gas_ chromatogrﬁ.ph used was a Pye Argon Model 1200xr with a 20 mC °°ar
B-ionization detector. A septum-injector and pre-heater stage were added to the
standard equipment. The pre-heater temperature was 250°. Injections of 2 ul of
solutions of steroids or extracts in absolute ethanol were made onto 4 ft long columns,
5 mm 1nterna.1 diameter, packed to a length of approximately 110 cm.

Suitable column packings and liquid phases were selected from the behaviour of
pure pregnanediol and other steroids, and re-investigated to determine their applica-
bility to urine extracts. Two selected for work with extracts were (a) the non-polar 3 %
“Embaphase’ silicone oil, (May & Baker Ltd., London) on Gas Chrom Z, (Applied
Science Latoratories) used at 240°, and (b) the polar phase o 5 % neopentylglycol
adipate (NGA) on Gas Chrom Z, 100/140 mesh used at 2r0-220°

Chromctography of puve steroids

The behaviour of tl:e columns with pure steroids is shown in Table I.

All these major urinary neutral steroids are well separated from pregnanediol on
the adipate column. Amounts of 1-10 pg of preghanediol were normally applied
to the columns. In actual running, pregnanolone and pregnanediol were not -com-
pletely separated on the 3% embaphase but were readily separated on 1 % or 0.5 %
neopentylglycol adipate columns. The total of pregnanolone and pregnanedione was

found to be less than 20 % of the pregnanediol levels in the 50 urines examined. Further
results refer to adipate columns.

CIzroanogmﬁhy of urine extracts

Extracts were prepared as in the first stage of the procedure of KLOPPER ¢t al.2, using
an acid hydrolysis, toluene extraction, alkali partition and permanganate oxidation of
impurities (extract B, see below). For gas chromatography, extract residues were
dissolved in 50 ul of ethanol. From these solutions, 2 ul aliquots were injected into

* This investigation was supportcd by a grant from the National Health and Medical Research
Council (Australia).
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the chromatograph. Solutions in ethanol gave sharper peaks than those in chloroform
or tetrahydrofuran. : :

- With pregnancy urine extracts a clear separation of a péak c'or'resp'o_lvid.ihgviv:o,
pregnanediol has been obtained with no interference from other peaks. Typical results
TABLE I
GAS CHROMATOGRAPHY OF PURE STEROIDS

Retention times relative to cl;oics_lanc

Steroid (a) on 3% (b) on 0.5%
: : : NGA* at - embaphase at
220° 240°

Cholestane** _ 1.00 1.00
58-Pregnane-3e,20x-diol 4.31° 0.68 -
58-Pregnan-3e-ol-20-one . -~ 3.52 0.66
5B-Pregnane-3,20-dione 3.64 0.65
Androsterone 2.39 0.39°
Actiocholanolone 2.39 " 0.38
Dehydroepiandrosterone 2.64 0.38
11-Oxo-androsterone , 5.75 0.48
11-Oxo-aetiocholanolone '5.36 0.44
1:1-Hydroxy-aetiocholanolone 10.I 0.73

* Neopentylglycol adipate

** Cholestane vetention time was (a) 2.0 and (b) 7.§ min with the above columns at an oﬁtlet
argon gas flow rate of 6o ml/min, ' '

are illustrated in Fig. 1. A pregnanediol peak was observed to be one of the main
peaks in extracts from 50 urines of the 2nd to 8th month of pregnancy. For late preg-
nancy urines the pregnanediol peak was the major one observed. For early pregnancy,
peaks corresponding to mixtures of androsterone, aetiocholanolone and dehydro-
epiandrosterone were similar in magnitude to that of pregnanediol but well separated
rom it as would be expected from the behaviour of pure steroids (Table I). Six

010 5 0 1O . 5 0
RETENTION TIMES [MINUTES]

Fig. 1. Gas chromatography on 0.5% NGA at 220°; Argon flow 60 ml/min. Pure pregnanediol

6.3 ug (A): urine extracts from a patient 25 weeks pregnant, pregnanediol 32 mg/24 h (B); and.

from a patient 16 weeks pregnant, pregnanediol 1 mg/24 h (C). Steroids indicated as present: (1)

pregnanediol ; (2) pregnanolone and pregaanedione; (3) dehydroepiandrosterone; (4) aetiochola-
: ‘nolone and androsterone.
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recovery experiments from urine gave 92-103 % recoveries :for :pregnanediol. [For
20 extracts examined as neutral toluene extracts without a permanganate-wash, tthe
recording obtained was practically the same as with the wash:(extract B).

For non-pregnancy urine, exploratory experiments with 4 ‘urines containing
from 0.8-2 mg/24 h. pregnanediol showed that a pregnanediol peak could'be:cbserved,
but it was a relatively minor one in the presence of other strong peaks,-such:astthose
of 17-oxosteroids. For such extracts, good chromatograms with pregnanediol :as:a
major peak were obtained following a prior purification that occurs-on :an:alumina
chromatogram as in the KLOPPER procedure. An alternative for.non-pregnancy urine
may be the formation of the trimethylsilyl derivatives as noted by HORNING et a@l1.

Identity of the ‘‘pregnanediol’’ peak

Firstly a comparison was made of the quantitative results by gas €firomatography
on extracts at stage B and the full sulphuric acid chromogen procedure of ‘KLOPPER
et al.2. For quantitation by gas chromatography the area of peaks was determined by
triangulation and compared to standard calibration values run on ‘the :same day.
Results obtained by the two methods are shown in Table II. Good agreement was ob-
tained between the methods for the pregnancy urines, each of which ‘was from :a
different subject.

Secondly, portions of the e*d:racts from wvarious later stages in ithe KLOPRER
procedure were taken for gas chromatography to observe the number of other ;pedks
appearing and the resolution of pregnanediol and pregnanediol diacetate from them

TABLE 11
QUANTITATIVE ESTIMATION OF URINARY PREGNANEDIOL

Pregnancediol found (mglz24 )

Samplec
(a) by gas (b) by sulphuric
chromatography acid chromogens
Pregnancy urine 1 37 38
Pregnancy urine 2 28 30
Pregnancy urine 3 8.9 . 9.0
Pregnancy urine 4 7.5 8.3
Pregnancy urine 5 4.2 3.8
Follicular phase urine o.5 0.8

as extracts were purified. An alumina chromatogram of the urine extracts (stage IB)
removes a number of relatively strong peaks including those corresponding ito :an-
drosterone, dehydroepiandrosterone, aeticcholanolone and most of the pregnandlone.
The pregnanediol peak was practically the only -one present after ‘this .alumina jpuri-
fication. It was significant that the other alumina chromatogram fractions:gave mo
peak in the region of pregnanediol on gas chromatography. After -acetylation, ithe
only strong peak that was observed, corresponded to pregnanediol diacetate. After
further alumina chromatography of the acetylated material, only.a single ;peak was
eluted on gas chromatography, with a retention time which corresponded ‘tothat «of
pregnanediol diacetate. This indicates the homogeneity of the pregnanediolpedk db-
served on gas chromatography of extracts at stage B.
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Using oyneetiisipeliisiloxane: om Gas: Chirom: P;,. TURNER et al.® also reported
Promising nesdbs iim e estimatiom off pregnanediol! i pregnancy urine. Their con-
ditiiors diill nett segamtee pregnanedioll from pregnanolone however. Some preliminary
Hetta on umimany pregnanedioll sepamationsshave:beemgiven: by PATTI ef al.4 with SE 52
cdlumms.

Tre mesdts presmtied] aboxe: indicate: thatt gas: ciromatography can be used for
ngpill andtl acomstee amadksis off pregnanedioll im pregnancy urine, following a very
simple Hrypdirdlssiis antl eestmatiom procediure:. Furtlier work: is-in progress to establish
fidlky tiire sypedifmiity;, acoumaaw and] reproducibilibv- off tlhe: proceduie as a standard
amdlytiicd] teedimigee forr pregnanedioll estimatiom.

Dgpartmortoff Dlxstipits andlGwineoolbgy, Universitavofi Adelaide, R. I. Cox
it (Anstralia)
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IBigdireniicd!] Hnulbvsdss, Wadl. oo, Intersaience;, New: York;, 1963; . p: 69..
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BID., A Tuwpk, G, L. 5. JJoaxass, L. J1. SwRoos:, A\ Q. BARNES-aAND R. CoHEN, Anal. Biockem.,
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Deviices flaor continuaus develapment: and! sample: application
im prregpmrattive thin-layer- chiromatography:

"Tive resdivttion aff divadi nelbtiedl substances: by thin-layer chromatography may often
Ibe iimprowet] by dhaneasing tiie: pelhnitye off the: solwent: system: to  a. point where the
Ry~ wrllues mxe loss thiran e x. Eitllen nepeated! on continuous: development is then re-
quired] tho eiltEm appredriie mobilities: andl complete separation.. Repeated develop-
mnertt hes tihe adisantiige ofl Being tealinicallis-simple- and}. because the lower parts of
thhe zones mre Demdied] finstt bHyy tlie: new- soliventt front,. tailing: effects are reduced.
Howewer, @ disdhantirge i tlie Ibng dinking: tiime: required! between: developments
wihen mdlntixedly ik lhayens: ane: used! fon- preparative work:.

In papar dinenmetiognapiisg, continnous: development is: usually carried out by
tihe descending oraflvw teelinigpe:. Metliods: for- descending: development of thin-
Nayer divomutiogyanmms howe: beem desanibed ®, Butt thie: zones:are broader than those
wWittdimed] thy axwanting disselopment® andl speciallapparatus:is-required. Two methods
«ff cortiimuons desdlygmentt Basedl om evaperatiom off the: solvent: from. the terminal
etige of tihe pilutke lase beean reponted® . BRENNER: AND NIEDERWIESER? used a hori-
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