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SUMMARY

A method is described for analysis of metabolic profiles of unconjugated steroids in plasma. After
extraction by Amberlite XAD-2 at 64°, the steroids are purified by filtration through a 0.5g column
of sulphoethyl Sephadex LH-20 in methanol, and by chromatography on a 0.5 g column of triethyl-
aminohydroxypropyl-hydroxyalkyl Sephadex LH-20. The latter column is used in a reversed-phase
system which separates neutral steroids as a group from less polar lipids, and yields phenolic steroids
in a separate fraction. The neutral steroids are converted into MO-TMS derivatives which are purified
by rapid filtration through a 0.25 g column of Lipidex 5000 in hexane containing pyridine, hexameth-
yldisilazane and dimethoxypropane to prevent hydrolysis of TMS ethers. Estrogens are converted
into TMS ethers. The recoveries of added [*H]-labelled neutral steroids and estrogens are about 85%.
Sample sizes corresponding to 1-2 ml plasma can be injected onto glass capillary columns.

The derivatives are analyzed by repetitive scanning GC-MS using a glass capillary column connected
via a single-stage adjustable jet separator. Metal surfaces are deactivated with water glass and benzyltri-
phenylphosphonium chloride, and a Teflon coupling device is used for glass—glass capillary connections.
Characterization and quantitation of steroids is based on computer construction of fragment ion current
chromatograms.

When the method was applied to the analysis of unconjugated steroids in plasma from pregnant
women, 27 steroids in the concentration range 1-300 ng/ml could be identified. The 13 major pregnane
derivatives were quantitated. The coefficients of variation were 5-13%, when 5 analyses of the same

sample were performed.

INTRODUCTION

In a previous paper [1] a method was described for
analysis of metabolic profiles of unconjugated neutral
steroids in plasma. The final analytical step of this
method consisted of repetitive scanning gas chroma-
tography-mass spectrometry (GC-MS), which is the
only existing technique that permits detailed analysis
of complex and partly unknown steroid mixtures.
However, packed columns were used so that sensi-
tivity was limited by the background from the station-
ary phase, the low column efficiency and losses of
steroids due to adsorption in the gas chromato-
graphic system [2, 3].

The following trivial names and abbreviations are used:
Dehydroepiandrosterone, 3f-hydroxy-5-androsten-17-one;
pregnenolone, 3f-hydroxy-5-pregnen-20-one; tetrahydro-
cortisol, 3,11 8,174,21-tetrahydroxy-5f-pregnan-20-one. The
terms pregnanolone, pregnanediols etc. indicate general
structures and do not imply a specific stereochemistry. A,
P and E (used in tables and figures), androstane, pregnane
and estrane, respectively. FIC, fragment ion current; FID,
flame ionization detector; GC-MS, gas chromatography-
mass spectrometry; GLC, gas-liquid chromatography; m/e,
mass/charge ratio; MO, O-methyloxime; RIA, radioim-
munoassay; SE-LH-20, sulphoethyl Sephadex LH-20;
TEAPHA-LH-20, triethylaminohydroxypropyl-hydroxyal-
kyl Sephadex LH-20; TMS, trimethylsilyl.

In order to increase the sensitivity and specificity
of the analyses, an open-tubular glass capillary
column was connected to the mass spectrometer.
However, since the capacity of this type of column
is low, more effective procedures were required for
removal of interfering compounds. The present paper
describes an improved and simplified method for pur-
ification of unconjugated steroids in plasma. A capil-
lary column-mass spectrometer connection giving
relatively small adsorptive losses is also described.

EXPERIMENTAL

Glassware, solvents and reagents. All glassware was
silanized with dimethyldichlorosilane and cleaning
was carried out in an ultrasonic bath. All solvents
were of reagent grade and were redistilled twice
before use. Hexamethyldisilazane and trimethylchloro-
silane (Applied Science Labs., State College, PA,
U.S.A)) were redistilled and trimethylsilylimidazole
(Supelco, Bellefonte, PA, U.S.A.) was used as supplied.
Methoxyamine hydrochloride (Eastman Organic
Chemicals, Rochester, NY, U.S.A.) was recrystallized
from methanol.

Column packing materials. Amberlite XAD-2 (Rohm
and Haas, Philadelphia, PA, U.S.A.) was extensively
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washed with acid, base, water and solvents and was
then stored in ethanol [4]. Lipidex® 5000 (Packard
Instrument Co., Downers Grove, IL, US.A) was
washed and stored at 4° in methanol [4]. Immediately
before use, the appropriate amount of gel was washed
on a Biichner funnel with absolute ethanol (20 ml per
gram gel) and hexane (20ml x g~ '), dried at 60° for
15min and allowed to swell in the solvent used for
chromatography.

Sulphoethyl Sephadex LH-20 (SE-LH-20) was pre-
pared as described previously [5]. The capacity of the
gel was about 0.10meq x g~'. After washing of the
gel, it was stored in Na* form at 4° in methanol [4].
Prior to use, a few grams were converted into H*
form by washing on a Biichner funnel with 100 ml
each of 0.3 M hydrochloric acid in 72%; aqueous eth-
anol, 209 ethanol (until neutral), ethanol and meth-
anol.

Triethylaminohydroxypropyl-hydroxyalkyl Sephadex
LH-20 (TEAPH A-LH-20). Sephadex LH-20 (Pharma-
cia Fine Chemicals, Uppsala, Sweden), 50g, was
reacted with Nedox 1114 [6] to give a product with
a hydroxyalkyl group content of 55% (w/w). This
hydrophobic gel was converted into a chlorohydroxy-
propyl derivative (145 (w/w) substitution) [7, 8]. After
washing with 85% aqueous ethanol, ethanol, chloro-
form and ethanol, the derivative was dried at room
temperature and used for the synthesis of TEAPHA-
LH-20. The gel, 25 g, was allowed to swell at room
temperature in 85ml of isopropanol under con-
tinuous stirring for 30 min and 85 ml of water were
then added. After oneh, 1.6 g of sodium hydroxide
in 125 ml of isopropanol-water, 1:1 (v/v), were added
and the mixture was stirred for 30 min. Triethylamine,
100 ml, was then added slowly (3ml x min™'). The
temperature was increased to 55° and the mixture was
stirred for 4 h. The product was washed on a Biichner
funnel with 0.5-11 of the following series of solutions:
50% aqueous ethanol, 0.3 M sodium hydroxide in
72%; ethanol, 209 ethanol (until neutral) and 72%; eth-
anol. The ion exchanger was then converted into acet-
ate form by washing with 0.2M acetic acid in 729
ethanol, and was washed to neutrality with 209 eth-
anol and ethanol. After drying overnight at room
temperature, it was stored at —20°, Under these con-
ditions there was no indication of decomposition.
When kept at room temperature in OH™ form the
gel was not stable.

For determination of ion exchanging capacity, 1 g
gel in OH™ form was suspended in 20 ml of 0.25M
sodium chloride in 729 ethanol and titrated with
0.1 M hydrochloric acid in 72% ethanol. The capacity
was usually about 0.7meq x g~! dry gel.

Prior to use, the ion exchanger was converted into
OH ™ form. Between 1-3 g were washed on a Biichner
funnel with 100 ml of the following series of solutions:
0.3 M sodium hydroxide in 729 ethanol, 20% ethanol
(until neutral), ethanol and methanol. The gel was
then allowed to swell in the solvent used for chroma-
tography.
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In addition to the washing procedures described
above, all gels were extracted at 70° with 20% and
50% aqueous ethanol and ethanol prior to storage
and use [4]. These extractions were carried out with
the anion exchanger in Cl~ form and the cation
exchanger in Na™ form to avoid possible decomposi-
tion.

Steroids. Unlabelled steroids were purchased from
Ikapharm (Ramat-Gan, Ispael) or kindly donated by
Dr. J. Babcock (Upjohn Co., Kalamazoo, MI, U.S.A.).

Tritium-labelled steroids were obtained from the
Radiochemical Centre (Amersham, England) or NEN
Chemicals (Dreieichenhain, Germany). The specific
radioactivities were between 10 and 110 Ci/mmol.
Radioactivity was determined in a Packard Model
3003 liquid scintillation spectrometer using Instagel
as the scintillation liquid. The purity of steroids was
evaluated by tlc, chromatography on Sephadex
LH-20[9] and gas-liquid chromatography (G.L.C.).

Procedure for analysis of unconjugated steroids in
plasma. Four g of Amberlite XAD-2 are packed in
ethanol to give a column bed of 130 x 8 mm which
is washed at 64° with 50ml of water. Ten ml of
plasma are diluted with 10ml of saline and slowly
(17 ml x h™') passed through the column at 64°. The
column is then washed with 20 ml of water and, after
cooling to room temperature, with 8 ml of hexane.
The steroids are eluted with 12 ml of methyl acetate—
methanol, 2:1 (v/v), followed by 12ml of meth-
anol [1].

The extract is taken to near dryness in vacuo at
30-40° and 1 ml of methanol is added. The sample
is applied to an SE-LH-20 (HY), column (500 mg,
200 x 4 mm), packed in methanol under gravity flow.
The steroids are recovered in 6 ml of methanol at
a flow rate of 7ml x h™' [4]. After evaporation in
vacuo to near dryness, | ml of methanol-water-<hloro-
form, 80:30:15 (by vol), is added. The sample is
applied to a column of TEAPHA-LH-20, about 0.5 g,
150 x 4 mm, packed by gravity flow in the same sol-
vent. Neutral steroids are eluted with 7ml of the
methanol-water—chloroform mixture at a flow rate of
30ml x h™', produced by applying a pressure (N,)
of 0.3kp x em™ 2 Neutral lipids are then removed
from the column by washing with 6 ml of methanol-
chloroform, 80:15, using the same flow rate. Finally,
unconjugated estrogens are eluted with 8 ml of the
methanol—chloroform mixture saturated with carbon
dioxide. During this elution CO, is used instead of
N, to produce the flow rate of 30ml x h™'. Since
CO, evaporates readily, it is important that leaks at
the top of the glass column are prevented.

The neutral steroid and estrogen fractions are taken
to dryness in vacuo, transferred with methanol to
glass-stoppered centrifuge tubes and derivatized.

Preparation and purification of derivatives for
GC-MS analysis. After addition of 1 ug of 7-ketocho-
lesterol as internal standard, the neutral steroids are
converted to O-methyloxime-trimethylsilyl ether
(MO-TMS) derivatives according to Thenot and
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Horning [10]. A 5 mg amount of methoxyamine hy-
drochloride and 50 ul of pyridine are added to the
dried steroid extract. After heating for 30 min at 60°,
50 ut TSIM are added and heating is continued at
100° for 2.5h. The reaction mixture is then diluted
with 1 ml of hexane-pyridine-hexamethyldisilazane—
dimethoxypropane, 97:1:2:10 {by vol.), and rapidly
filtered through a column of Lipidex S000[1]. The
column, about 250 mg, 70 x 4 mm, is packed under
gravity flow and washed with 10 ml of solvent prior
to sample application. The reaction tube is rinsed
with the same solvent in 0.5 ml portions, and elution
is continued at a flow rate of 3ml x min~! by appli-
cation of a pressure of about 0.5 kp x cm™2. The ster-
oid derivatives are recovered in the first 3.5ml of
effluent, which are collected and stored at room tem-
perature in a stoppered centrifuge tube until required
for analysis by GC-MS.

To the estrogen fraction, 0.3 ug of 5f-choles-
tan-3x-ol is added as internal standard. TMS ethers
are formed in pyridine-hexamethyldisilazane—trimeth-
ylchlorosilane, 3:2:1 (by vol.), at 60° for 30 min. After
removal of the reagents under a stream of nitrogen,
the sample is dissolved in hexane for G.L.C. and
GC-MS  analyses. If required, the derivatized
estrogens may be further purified (after removal of
the reagents) as described above for the MO-TMS
derivatives of neutral steroids.

g.lc. Analysis. G.L.C. Was carried out using a Pye
104 gas chromatograph housing a 20m x 034 mm
open-tubular glass capillary column coated with
SE-30[11]. Solid injection in a silanized all-glass sys-
tem was used [12]. The column was connected to the
flame-ionization detector (FID) via a deactivated steel
capillary tubing (0.20 x 150 mm)[3]. The column
connections were made with thermo-shrinkable Tef-
lon tubing. Nitrogen was used as the carrier gas at
an inlet pressure of 0.5 kp x cm™2, giving a flow-rate
of about 1 ml x min~!. The oven temperature was
260°.

GC-MS analysis. Computerized GC-MS was car-
ried out using a modified LKB 9000 instrument {13].
An open-tubular glass capillary column (25m x
0.34 mm) coated with OV-1{11], was connected to
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the direct inlet side of this instrument via a single

"stage adjustable jet separator [14]. A sliding valve

{141 was inserted between the jets. Glass and steel
parts of the separator with which the steroids were
likely to come into contact were deactivated[3]. A
schematic drawing of the connection is shown in Fig.
1. For optimal flow conditions a silanized glass capil-
lary resistance, 70 x 0.05 mm, was used between the
column and separator. This resistance was attached
to the separator in the same way as a packed column.
Since thermo-shrinkable Teflon tubing did not pro-
vide leak-free glass-glass connections, a special Teflon
coupling device was constructed that could tolerate
high vacuum and temperature variations between
room temperature and 280° (Fig. 1). It consists of
a Teflon rod with a hole having the appropriate dia-
meters at both ends to fit the dimensions of the glass
capillaries to be connected. The rod is then com-
pressed from both ends in a metal capsule with a
screw cap. The advantage of using Teflon in these
connections is the relative softness of the material
which prevents breakage of the glass capillaries. An

_injection system identical to that in the gas chromato-

graph was used. It was attached to the column using
the Teflon coupling device. The inlet pressure of the
carrier gas was 0.5kp x cm™? giving a flow rate of
about 0.5ml x min~*. Leaks were detected by plac-
ing a piece of dry ice in the oven, and monitoring
mfe 44. When leaks were present, they could readily
be localized by determination of the time lag between
introduction of the dry ice and the appearance of
CO, in the mass spectrometer.

The temperature of the column was programmed
from 220° to 275° at a rate of 1.2° x min~!. The tem-
peratures of the separator and ion source were 240°
and 290°, respectively. The energy of the bombarding
electrons was 22.5¢V, ionizing current 60 uA and
accelerating voltage 3.5kV. Spectra, m/e 0-730, 10
scans/min, or m/e 250480, 15 scans/min, were
recorded after a suitable delay following injection of
the sample.

Identification and quantitation of steroids. Methods
for computer evaluation of the mass spectral data
recorded on magnetic tape have been described [15].
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Fig. 1. Schematic drawing of the coupling of a glass capillary column to the mass spectrometer. A,
Glass—glass coupling device. B. Supporting rods and sleeve for coupling device. C. Glass capillary
resistance (70 x 0.05 mm). D. Swagelok connection (1/4 inch) with Teflon ferrule. E. Glass-lined steel
capillary. F. Jet adjustment rod. G. Adjustable jet. H. Sliding valve. L Collecting jet. J. Glass tube.
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The identification of a steroid was based on the reten-
tion time, the complete mass spectrum and partial
mass spectra obtained from fragment ion current
(FIC) chromatograms for characteristic ions given by
the steroid derivatives.

Quantitative analyses were based on determination
of peak areas in specific FIC chromatograms. An in-
ternal standard was added to the samples and to a
mixture of reference steroids. Following GC-MS
analysis, peak areas were calculated in FIC chromato-
grams using the 2-10 most intense or diagnostically
significant m/e values for each compound. The area
of a peak given by the internal standard served to
normalize the results so that areas given by known
amounts of reference steroids and unknown amounts
of steroids in the samples could be compared[15].

RESULTS AND DISCUSSION

Extraction and purification of steroids

Columns of Amberlite XAD-2 have been widely
used for extraction of steroids in urine [16]. If condi-
tions are selected which minimize protein binding,
this method can also be used for extraction of steroids
in plasma[l,17]. High recoveries are obtained by
performing the extraction at 64°[1]. Under this con-
dition plasma only has to be diluted twice, which is
an advantage since the flow rate through the Amber-
lite XAD-2 column has to be kept low. In order to
shorten the time for further processing of the sample,
interstitial water in the column is displaced by elution
with hexane, which also removes some lipid contami-
nants. Steroids are eluted with a mixture of methyl
acetate and methanol which is more volatile than
methanol alone. The recoveries of [*H]-labelled ster-
oids (0.03-09ng) added to plasma are about
90-95% [ 1] (see below).

The purification of steroids is based on chroma-
tography on neutral and ion exchanging lipophilic/
hydrophobic Sephadex derivatives. These gels are in-
ert, have high loading capacity, are simple in oper-
ation and provide rapid ion-exchange in organic sol-
vents [18]. A previous procedure, which gave a suffi-
ciently clean extract for analysis on packed G.L.C.
columns [1] had to be improved to permit analysis
of the same amount of sample on glass capillary
columns with a low loading capacity. Contaminating
compounds may be divided into four main groups:
less polar and more polar than steroids, organic acids
and bases. Removal of a sufficiently large amount of
these compounds is achieved by filtration through
columns of Sephadex derivatives.

Chromatography on SE-LH-20. A lipophilic, strong
cation exchanger, SE-LH-20, is used for removal of
organic bases. The weaker carboxymethyl Sephadex
LH-20[19]7 had negligible effect on the purity of the
sample. The use of SE-LH-20 has also been found
essential for quantitative sorption of organic acids on
a weak anion exchanger[S], probably because it
removes cations which form ion-pairs with the acids.
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Fig. 2. Separation on a column of TEAPHA-LH-20 (0.5 g)
in OH™ form of radioactive steroids added to plasma.
Neutral steroids (progesterone and tetrahydrocortisol)
were eluted with methanol-water-chloroform, 80:30:15
{by vol.); neutral lipids (cholesterol) with methanol—chloro-
form, 80 :15; and phenolic steroids (estrone, estradiol and

estriol) with methanol-chloroform, 80: 15, saturated with
COo,.

SE-LH-20 is used in the H™ form since this was found
to give the highest degree of purification and because
the combination with an anion exchanger in OH™
form will yield water. Nonaqueous methanol was
selected as solvent since it was found that oximes of
3-ketosteroids, which behave like weak bases, are not
sorbed by SE-LLH-20 in the presence of water [4]. In
spite of the low ion exchanging capacity of SE-LH-20,
a 0.5 g column was found to be sufficient for extracts
of 10ml plasma.

Chromatography on TEAPHA-LH-20. A gel con-
taining alkyl and triethylamino groups, TEAPHA-
LH-20, is used for removal of nonpolar lipids and
organic acids. Since these compounds constitute a
large part of the contaminating material, this step
gives a marked purification of the extract. In the pre-
vious study, lipids were removed on a column of
Lipidex 5000 and acids on a column of a lipophilic
weak anion exchanger [1]. Estrogens were only partly
retained on the latter column, indicating incomplete
sorption of weak acids. TEAPHA-LH-20 was there-
fore synthesized. This gel retains the estrogens and
can be simultaneously used in a reversed-phase sys-
tem for removal of nonpolar lipids. The solvent sys-
tem was selected to give optimal separation of choles-
terol from progesterone while keeping the elution
volume of progesterone low. In the system used
(methanol-water—chloroform, 80:30:15 (by vol)), the
cholesterol-progesterone separation factor is about
3-4, and progesterone is eluted at about 2-3 column
bed volumes (Fig. 2). After the clution of progesterone
and other neutral steroids in one fraction, neutral
lipids are removed from the column by deletion of
the water from the solvent so that these compounds
will not interfere with subsequent separation of acids.
Unconjugated estrogens are then eluted by saturation
of the solvent with CO, (Fig. 2). About 4 column
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bed volumes are used for the latter elution, since the
concentration of CO, may vary. A procedure for iso-
lation of estrogens based on the use of an anion
exchange resin in carbonate form has previously been
described by Eberlein [20]. Since TEAPHA-LH-20 is
a strong base, transformations of alkali-labile com-
pounds may occur. This possibility was tested with
16a-hydroxyestrone and it was found that about 15%
of this steroid was converted to 16-ketoestradiol dur-
ing the chromatography. A detailed study of the sep-
aration and analysis of estrogens will be published
elsewhere [21].

Following the elution of estrogens it may be poss-
ible to fractionate acidic steroids in a way analogous
to that previously described for a lipophilic weak
anion exchanger [5]. Thus, cholic acid is eluted when
acetic acid is added to the solvent.

Chromatography of MO-TMS derivatives on
Lipidex. The purpose of this step is to remove nonvo-
latile reagents and polar contaminants which are not
converted into nonpolar derivatives during the deri-
vatization reactions. In the previous study, variable
and low recoveries were obtained when the
MO-TMS derivative of cortisol was filtered through
a 70 x 4 mm column of Lipidex 5000 in hexane—pyri-
dine-hexamethyldisilazane, 98:1:1 (by vol.), at a flow
rate of 0.1 ml x min™* [1]. Studies of the behaviour
of MO-TMS derivatives of different steroids on
Lipidex 5000 in different solvents showed that the
losses were due to hydrolysis and that an O-methylox-
ime group at C-3 and a readily hydrolyzable TMS
group (e.g. at C-21) had to be present for hydrolysis
to occur. Incorporation of about 109 dimethoxypro-
pane into the solvent and use of a high flow rate,
3ml x min~*, prevented the loss caused by hydroly-
sis and did not decrease the degree of purification
achieved.

Estrogens are analyzed as TMS ethers which are
prepared with the use of volatile reagents. Purification
of the derivatives by filtration through Lipidex 5000
was not required when the samples consisted of
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plasma from pregnant women. However, if further
purification is necessary, this may be carried out as
described for the MO-TMS derivatives of neutral
steroids without loss of estrogens containing one keto
group.

The procedure for isolation and purification of ster-
oids in plasma can be carried out in one day. The
purity of the sample is such that the equivalent of
1-2 ml plasma can be injected onto a glass capillary
column. The estrogen fraction may be analyzed by
glc. or GC-MS on the same day while preparation
and purification of MO-TMS derivatives of neutral
steroids are carried out on the second day. The major
impurities interfering in the GC-MS analysis are
those arising from solvents, chemicals and column
packing materials.

With minor modifications, the combined use of
SE-LH-20 and TEAPHA-LH-20 may be applicable
to the purification of a wide range of naturally occur-
ring and synthetic compounds present in biological
materials.

Recovery of added steroids

Recoveries were studied by addition of tracer
amounts of individual or mixtures of [*H]-labelled
steroids to plasma. Results of experiments with mix-
tures of representative neutral steroids and estrogens
are shown in Table 1. The mean recoveries of neutral
steroids and estrogens carried through the entire pro-
cedure were 849, and 86%;, respectively. The loss of
estrogens in the nonpolar lipid fraction was about
1%, and about 1%, could be recovered from the TEA-
PHA-LH-20 column by additional elution with acetic
acid added to the solvent. Filtration of the derivatized
estrogens through a Lipidex column gave a recovery
of 879 + 2.19% in five experiments. Selective losses
were not observed, neither for neutral nor for pheno-
lic steroids.

Microgram amounts of three representative neutral
steroids and three estrogens were added to male
plasma and carried through the procedure. The reco-

Table 1. Recoveries of [*H]-labelled steroids added to plasma (10ml) and carried through the steps of extraction,
purification and derivatization described in Experimental

Amount added

Recovery from columns (%)t

Amberlite XAD-2 +
SE-LH-20 +

Steroid mixtures* pg c.p.m. TEAPHA-LH-20 Lipidex 5000 Total
A*-178-0l-3-one 8 2000

AS5.38-0l-17-one 80 2000

P5-38-01-20-

BeJh-ol 2-one £ 200 908 + 40 923+50 837437
P*17a-0l-3,20-one 80 2000 (n = 20) (n = 20) (n = 20)
P*114,174,21-01-3,20-0ne 8 2000

58P-30,114,175,21-01-20-one 25 2000

E!3509_3 6]-17-0ne 25 6000

EL3509.3 178.0] 25 6000} 8(5”'7:—’23')4

E!35010.3 1 65,178-0 40 6000 =

* A = androstane, P = prégnane, E = estrane. Superscript indicates position(s) of double bond, Greek letters denote
configuration of hydroxyl groups.  Percent of added radioactivity +S.D.; n = number of experiments.
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Table 2. Recoveries of unlabelled steroids added to 5 ml of plasma and carried through the steps of extraction, purifica-
tion and derivatization described in Experimental

M. AXELSON and J. S1OVALL

Recovery from columns (%)t

Amberlite XAD-2 +

Amberlite XAD-2 + SE-LH-20 +
Amount added SE-LH-20 + TEAPHA-LH-20 +
Steroid mixture* ug TEAPHA-LH-20 LIPIDEX 5000
1 11 I I
P*-3,20-one 3.58 — — 92.1 92.8
P*-20a-0l-3-one 1.51 — — 98.5 98.3
P*-11p,21-0l1-3,20-one 3.04 — — 96.4 938
E1:3:50100.3.0]-17-0ne 3.04 93.7 96.2 86.9 91.4
E!-3:310.3 17801 2.18 90.6 90.3 89.6 87.4
El’a‘s“o’-3,16a,l7ﬁ-ol 2.74 95.7 95.1 94.0 88.7

* For abbreviations see Table I. t Percent of added steroids as calculated from peak areas in the G.L.C. analysis.

veries were determined by G.L.C. analysis of the final
extracts. The results are shown in Table 2. The reco-
veries were between 92 and 999 for the neutral ster-
oids and 90-96% for the estrogens. Additional purifi-
cation of the estrogen TMS ethers on Lipidex gave
a total recovery of 87-949. Selective losses were not
observed.

Glass capillary GC-MS analysis

The use of packed columns in GC-MS analyses
of plasma steroids does not permit a separation of
certain steroid isomers present in the samples [1]. The
necessary separations can be achieved by the use of
glass capillary columns. In addition, the reduction of
peak width and column bleed results in an enhance-
ment of sensitivity. Two main techniques have been
used for the connection of glass capillary columns
to a mass spectrometer. The column may be con-
nected directly to the ion source via a platinum capil-
lary resistance, or extra carrier gas may be added at
the end of the column to permit the use of a molecule
separator for packed columns[22,23]. The direct
coupling prevents losses that may occur in the separa-
tor, but high pumping capacity is required to main-
tain the vacuum in the ion source, and the lack of
a valve between the column and mass spectrometer
is inconvenient. When a separator and extra gas are
used, the flow through the column is easy to control
and a simple valve can be employed. However, loss
of steroids may occur due to adsorption or chemical
transformation in the separator. Thus, the presence
of steel surfaces in a GC-MS system causes severe
loss of MO derivatives of steroids with a 3-keto-4-ene
structure [3]. Based on these considerations a single-
stage adjustable jet separator[14] with a sliding
valve [14] was sclected as interface between the
column and the ion source (Fig. 1). Metal surfaces
were deactivated with water glass and benzyltri-
phenylphosphonium chloride and glass surfaces were
silanized [3]. Commonly used glass capillary—metal
connections were avoided by development of a
vacuum tight, temperature resistant Teflon coupling
device (Fig. 1).

Using this system, the response for progesterone
bis-O-methyloxime, one of the steroids lost to the
greatest extent, was linear down to the detection limit
(100 pg) using repetitive magnetic scanning (see
below).

Although large sample sizes can be injected due
to the efficient purification procedure, the sensitivity
of repetitive magnetic scanning over the entire mass
range (m/e 0-730) is often insufficient (1-5ng) since
a high scan rate has to be used due to the narrow
G.L.C. peak width obtained with capillary columns.
Scanning over a limited mass range (m/e 250-480) at
a lower rate was therefore employed to permit use
of filters and higher amplification. This increased sen-
sitivity about 10-fold (100 pg—1 ng). Relatively little in-
formation is lost, since MO-TMS derivatives of ster-
oids usually give diagnostically significant ions of
high relative intensity in the mass range covered by
the partial scan. Obviously the sensitivity and accu-
racy may be further increased by the use of multiple
ion detection techniques for analyses of selected ster-
oids.

Steroids in plasma from pregnant women

The unconjugated steroids in plasma from a
29-year old pregnant woman were analyzed by the
method described. The steroids identified in the
sample collected in the 38th week of pregnancy are
listed in Table 3. Major previously unidentified ster-
oids include 3a,5¢, 32,58 and 38,5« isomers of 3-hyd-
roxypregnan-20-one and pregnane-3,20a-diol. The
presence of these compounds is also seen from the
analysis shown in Fig. 3. The approximate concen-
trations of individual pregnanolones and pregnane-
diols in late pregnancy were 10-20ng x ml~! and
2-10ng x ml™!, respectively (Table 4). These steroids
are present in much higher concentrations as sul-
phates, but in this case pregnanediols are the pre-
dominant compounds [24].

The possibility that the unconjugated steroids were
formed by hydrolysis of the sulphate during the
extraction and purification procedure was considered.
Therefore, a series of experiments was carried out
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Table 3. Unconjugated steroids found in plasma from a woman in the 38th week
of pregnancy

Approximate
lons} Relative concentrations
Steroidst {m/e) retention time§  in plasma {(ng/ml}}
5xA-3x-0l-17-one 360,270 0.47 *
5BA-3a-0l-17-one 360,270 0.49 *
A3-3B-0l-17-0ne 358,368 0.57 ok
SoP-3%-01-20-0ne 404,388 0.79 *Ak
5pP-3a-0l-20-one 404,388 0.81 *EE
A%-38,160-01-17-0ne 462,446 0.83 + 0.859 *
SoP-30,200-01 449,269 0.89 **
5BP-30,202-01 449269 092 **
P*-3j-01-20-one 402,386 0.96 **
5aP-3p-01-20-one 404,388 0.98 *okk
54P-3,20-0ne 343,288 1.01 + 1.04 ook
P°-38,20a-0l 462,447 1.07 *
5aP-38,20a-0l 449,269 L1t o
P*.3,20-0one 372,286 112 FhkEK
P*.200-01-3-0ne 417,386 1.28 HAAX
P*-170-01-3,20-0ne 460,429 1.38 + 1.43 **
5aP-3¢,200,21-01 449,269 1.66 *
54P-38,16¢,200-01 462,447 1.66 *
P*-16a-0l-3,20-0ne 429,339 167 + 1.69 *k
P* 17,21 -01-3,11,20-one 459 441 278 + 2.86 Hxk
P*-118,172,21-01-3,20-0ne 425361 336 + 3.42 ok k
EH3S00.3 61 17-0ne 342327 0.56 i
E13:5(100.3 178-0] 416285 0.67 ax
E!3:500.2.0Me-3-0l-17-one 372,342 0.77 *
E!3:510.3 16a-0l-17-0ne 430,286 0.87 *
E!-3-5010L3 17B-0l-16-0ne 430,285 0.96 *
E!-3:5000L3 164,17 -0l 414,386 1.15 *k

+ For abbreviations see Table 1. } Intense and/or significant ions for the derivatized
steroids in the mass range m/e 250-480. § Sa-cholestane = 1.00. Glass capillary column,

SE-30, 260°.

if * =0.1~1 ng/ml;

** = 210 ng/ml;

*RAE

#** = 11-30 ng/ml; =

31-50 ng/ml; ***** > 50ng/ml ¥ Due to formation of syn/anti isomers some MO
derivatives give rise to two peaks.

1 23 45678 910 11 12
i i frrr { { f
M/E
268
=g ] As-oLONE
269 P-DICL/ TRIOL
388 P-OLONE
385 A S N AN PS-0LONE
L A S FP4-0LONE
372 P4-DIONE
423 P4-0L.~-DIONE
f T T y T 1
100 200 300 400
SCAN NUMBER
T T T T |
15 20 25 30 35
MINUTES

Fig. 3. Fragment ion current chromatograms constructed by the computer in an analysis of MO-TMS
derivatives of unconjugated neutral steroids in plasma from a 27 year old woman in the 37th week
of pregnancy. M/e values typical for the derivatives of progesterone and some of its potential metabolites
as well as for dehydroepiandrosterone were selected. The numbers indicate retention times of the

derivatives of (see Table 3): I.

10.

SaP-38,200-0l. 1.

AS-3f-0l-17-one. 2. 50P-3ax-0l-20-one. 3. 5pP-3x-0l-20-one. 4.
5aP-3a,202-0l. 5. 58P-3¢,20z-0L. 6. P3-38-0l-20-one. 7. 5aP-3p-0l-20-one. 8. 5aP-3,20-one. 9, P*.3,20-one.

P4-20a-0l-3-one. 2.

P*17a-0l-3,20-one.

SaP-30,200,21-0L

P*-164-01-3,20-one.  14.
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Table 4. Concentrations, ng/ml, of some

M. AXELSON and J. SIGVALL

C,; steroids in plasma from a pregnant

woman
Week of pregnancy

Steroids* 20 24 28 32 37 38
5aP-3a-01-20-one 42 53 6.0 10.3 114 153
58P-3a-0l-20-one 23 3.1 5.0 75 89 125
SaP-3 f-ol-20-one 36 9.2 7.8 138 16.4 20.6
P5-38-0l-20-one 7.3 5.6 5.6 9.6 72 8.5
5¢P-3a,20a-01 0.8t 21 20 2.6 3.1 2.5
58P-3,20a-01 1.0t 24 22 4.0 3.7 53
SaP-38,20a-01 09t 641 4.0% 19% 531 6.11
SaP-3,20-one 9.6+ 5.2t 74t 112 144 25.6
P*.3,20-one 25.4 394 51.5 78.1 928 989
P4-200-01-3-0ne 11.2 120 172 22,6 303 37.7
P*.17a-01-3,20-0ne — 4.6 9.6 4.7 6.2 7.0
P*174,21-01-3,11,20-one — 185 29.8 243 36.0 449
P4118,172,21-0l-3,20-0ne 124 97 212 224 244 295

* For abbreviations, see Table 1. 1 Value uncertain due to noisy baseline. 1 Correc-
tion was made for the contribution to m/e 269 from the MO derivative of progesterone.

using 3B-hydroxy-5-[4-'#C]-androsten-17-one  sul-
phate (55 mCi/mmol), which had been purified on
Sephadex LH-20 [25] and by t.l.c. When 13,000 d.p.m.
(80ng) of this compound were chromatographed on
a TEAPHA-LH-20 column, 0.4%, of the radioactivity
was recovered in the neutral fraction. This was con-
sidered to represent the amount of unconjugated ster-
oid present in the sample. When the same amounts
were added to 20ml of saline and extracted on
columns of Amberlite XAD-2 at 64° or at room tem-
perature and then chromatographed on SE-LH-20
and TEAPHA-LH-20, 0.6% and 0.3%, respectively,
were found in the neutral fraction. In five experi-
ments, where the labelled steroid sulphate was added
to 10ml of plasma and then extracted and purified
as described, 0.6 + 0.2%, of the radioactivity was re-
covered in the neutral fraction. Furthermore, storage
of plasma at room temperature for several hours prior
to extraction did not increase the amount of radioac-
tivity appearing in the neutral fraction. Thus, hydroly-
sis of dehydroepiandrosterone sulphate during pro-
cessing of the sample is negligible. This is further sup-

Table 5. Reproducibility of the method as

ported by the reproducibility of the quantitative
method as shown in Table 5.

However, hydrolysis of sulphates may occur if the
eluates from the Amberlite XAD-2 and SE-LH-20
columns are taken to complete dryness at 40-50°. In
this case, hydrolysis is particularly noticeable for the
estrogen fraction. Thus, when evaporation to com-
plete dryness is avoided, the estrone/estradiol ratio
in late pregnancy plasma has been less than 1 in the
samples studied. When completely dried extracts were
left at an elevated temperature in air, a ratio of 24
was obtained due to an increase of the concentration
of estrone, probably caused by hydrolysis of estrone
sulphate.

Seven of the neutral steroids in pregnancy plasma
possessed a 3-keto group. These steroids include pro-
gesterone, cortisol and related 3-ketosteroids, which
have been subject to many previous studies by
RIA [26-29]. The concentrations found for these ster-
oids are within the range of levels previously reported.

Analysis of the fraction of unconjugated estrogens
confirmed the presence of estrone, estradiol, estriol,

determined by analysis of S aliquots from a

pooled sample of plasma collected from women in the 35th-40th week of pregnancy

Concentration, ng/ml

Steroids® 1 2 , 3 4 5 Mean + SDf  CVt
A3-38-0l-17-one 258 295 326 326 335 30.8 + 3.2 10
5aP-3a-0l-20-one 187 193 170 150 160 172+ 1.8 10
58P-3a-0l-20-0ne 150 158 173 144 173 160 + 1.3 8
5aP-38-0l-20-one 385 309 309 309 345 33.1 + 34 10
SP-32,20a-01 69 74 67 65 6.7 6.8 + 0.3 5
5pP-3a,20a-01 105 125 11.8 122 105 115 + 1.0 8
5aP-3,200-01 138 130 140 134 158 140 + 1.1 8
P4-3,20-one 138 133 129 117 117 126.8 + 9.8 8
P*-20a-0l-3-one $57 574 488 525 541 537 + 33 6
P*-17a-01-3,20-one 168 173 181 144 134 16.0 + 2.0 13
P*-17%,21-01-3,11,20-0ne 439 403 330 451 39.1 403 + 4.8 12
P*118,17¢,21-01-3,20-one 239 259 267 290 239 258.8 + 21.7 8
E!3:5(10).3 1780l 251 255 247 197 231 236+ 24 10

* For abbreviations, see Table 1. +S.D. = standard deviation; CV = coefficient of vari-

ation.
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Fig. 4. Gas chromatographic analysis of TMS ethers of unconjugated estrogens from plasma of a
pregnant woman {40th week), Peaks E, E, and E, indicate the derivatives of estrone, estradiol and
estriol, respectively, and the letters a, b and c the refention times of the derivatives of 2-methoxyestrone,
16a-hydroxyestrone and 16-ketoestradiol. The steroids were identified by GC-MS analysis, and the
concentrations of estrone, estradiol and estriol were 11.1, 25.8 and 16.8 ng/ml, respectively. The concen-
trations of 16a-hydroxyestrone and 16-ketoestradiol were about 1 and 2 ng/ml, respectively. Only trace
amounts {<0.2ng/ml) of 2-methoxyestrone were detected. Glass capillary column, 20m x 4.3 mm,
SE-30, 260°, carrier gas inlet pressure 0.5 kp/em? S = internal standard.

2-methoxyestrone, 16a-hydroxyestrone, and 16-keto-
estradiol in pregnancy plasma (Table 3}{30]. The
concentrations of estrone, estradiol and estriol in
plasma from a pregnant woman (40th week) wese
about 11, 26 and 17 ng/ml, respectively (Fig 4). These
values are within previously reported concentration
ranges for these steroids[31]. As shown by Fig. 4,
the purity of the estrogen fraction is sufficiently high
to’ permit analysis of the major estrogens by G.L.C.
using an FID.

The application to analysis of wnconjugated ster-
oids in plasma from pregnant women shows that the
method described is capable of providing new infor-
mation about the composition of circulating steroids.

The physiological role of the saturated pregnane deri-

vatives found in this study cannot yet be evaluated.
However, the presence of relatively high concen-
trations of 38-hydroxy-Su-pregnan-20-one is of im-
portance since this steroid interferes in analyses of
pregnenolone by RIA{32]. This shows the impor-
tance of GC-MS as a complement to RIA analysis.
GC-MS should be used to define the steroid compo-
sition of a sample and R1A may then be used to study
variations of selected steroids in a larger number of
samples.
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