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SUMMARY )

A precise and sensitive method for the analysis of urinary steroids at the.
submicrogram level is described. After enzymatic hydrolysis and solvolysis, the
steroids are extracted with chloroform and ethyl acetate, purified and separated by
thin-layer chromatography and determined by gas-liquid chromatography. In
particular, novel conditions of hydrolysis of the steroid conjugates are discussed,
and also the localization system of steroids on Kieselgel-H thin-layer plates with the
use of azo dyes. Finally, the gas chromatographic analysis of steroid standards and
steroids extracted from urine is illustrated and the quantitative aspects of the
proposed method are considered.

INTRODUCTION

Many methods have been described for the determination of urinary steroids
by gas-liquid chromatography (GLC)1~%, Such methods differ from each other in the
procedure for hydrolysing the steroid conjugates contained in the urine and the
methods of purifying the steroid extract.

The hydrolytic procedure may be acidic, enzymatic or mixed. Acidic hydrolysis
is carried out with hydrochloric? 19, sulphurict:12 or perchloric acidl®. As it has been
observed that the cleavage caused by these acids is destructive and produces
artefacts? 11.12,14,15 some authors have used enzymatic splitting with 8-glucuronidase
and arylsulphatase® !, Finally, other workers have used hydrolysis that is partly
enzymatic and partly acidic!»478, because enzymatic hydrolysis alone does not
proceed to completion as enzyme inhibitors are present in the urine!?-¥® and also as
steroid sulphates with a 3«,5% configuration are not hydrolysed by commercial
arylsulphatase??, The methods of analysis of urinary steroids differ further in the
procedures used for purifying the extract before GLC if a high proportion of contami-
nating substances is present in a small amount of steroid (submicrogram level) that
is to be determined. The removal of the contaminants, after washing the steroid
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extract, is carried out by various types of adsorption chromatograply on alumina?
and silicic acid#®%® columns. As already shown by other workers? 121 we also
previously observed the high efficiency of thin-layer chromatography (TLC) in
purifying steroid compounds??, We also feel that it can be used for the preparation of
steroid classes prior to GLC. Having already described in a previous publication2?
the GC behaviour of a large number of steroids as their trimethylsily! ethers, chloro-
methyldimethylsilyl ethers, chlorodifluoroacetates and heptafluorobutyrates, the
aims of this research were to purify and separate by TLC and analyse by GLC a
steroid extract by using the techniques previously described by us22,23,

Another aim of this research, in view of the differences in the available methods
for the hydrolysis of the steroid conjugates, was to establish suitable conditions for
complete cleavage of the conjugated compounds.

MATERIALS AND INSTRUMENTS

The materials used were supplied by various commercial firms.

The steroid standards were obtained from Steraloid Chemical Co., Pawling,
N.Y., U.S.A. Androsterone sulphate and dehydroepiandrosterone sulphate were
supplied by Ikapharm, Ramat-Gan, Israel.

The dyes were ordered from KEK ILaboratories, Planview, N.Y., and National
Aniline Division, N.Y., U.S.A.

The Kieselgel-H was obtained from Bracco Industrie Chimiche, Milan, Italy.

The enzymes ff-glucuronidase and arylsulphatase were ordered from Calbiochem,
Los Angeles, Calif., U.S.A.

Regisil (bistrimethylsilyltrifiuoroacetamide + 1 9, trimethylchlorosilane) was
obtained from Regis Chemical Co., Chicago, Ill., U.S.A.

The stationary phases for GLC, SE-30 and TMCBA (tetramethylcyclobutane-
diol adipate), and the Gas-Chrom P support were supplied by Applied Science
Laboratories Inc., State College, Pa., U.S.A.

All the solvents used in this research were of RP-ACS type, marketed by Carlo
Erba, Milan, Ttaly, and re-distilled. In particular, the ethyl acetate was purified
according to BURSTEIN AND KiMBALL? and the methanol according to BRAUNSBERG
AND JAMESZE,

Purified air, nitrogen and hydrogen for GL.C were ordered from Siad, Bergamo,
Ttaly.

The instrument for coating the plates for TLC was supplied by Chemetron,
Milan, Italy. The tanks were ordered from the Brinkmann Chemical Co., New Jersey,
N.J., U.S.A. The fibre-glass paper was supplied by Reeve Angel, Clifton, N.J., U.S.A.

A Hewlett-Packard Mode! 5750 gas-liquid chromatograph was used.

STANDARD PROCEDURE

Urine samples (5 ml) are placed in 30-ml centrifuge test-tubes having PTIFE-
lined screw caps. A 0.5-ml volume of acetate buffer of pH 5.5 is added to bring the
pH of the urine to about 5.40-5.50. Then an enzymatic preparation containing §-
\glucuronidase and arylsulphatase is added so as to obtain 5000 Fishman Units (F.U.)
and 2300 Whitehead Units (W.U)), respectively, per millilitre of incubation solution.
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The urine is incubated in a water-bath at 37° for 24 h and then 10 ug of allopregnan-
olone {5¢-pregnan-3f-ol-20-one) as internal standard are added. The urine is next ex-
tracted with 5-ml volumes of chloroform three times and 3-ml volumes of ethyl acetate
three times. After shaking the extracts for ¥ min and centrifuging them for 5 min at
3jooo r.p.m., they are all placed in one 50-ml centrifuge test-tube, washed once with
3 ml of N sodium hydroxide solution and twice with 3 ml of distilled water and kept
aside. The urine is then freated by BURSTEIN AND LIEBERMAN’s method!!, that is,
it is brought to pH 1 with sulphuric acid, and after the addition of T g of sodium
chloride, is extracted with 5-ml volumes of ethyl acetate three times. The organic
extracts are all placed in §-ml centrifuge test-tubes, then kept in a water-bath at 37°
for 18 h. After this period, they are washed again, once with 3 ml of N sodium hydroxide
solution and twice with distilled water. The total organic extracts obtained after
enzymatic and acid hydrolysis are placed into a 1oo0-m! flask and concentrated at 56°
under "nitrogen, then transferred to micro test-tubes and evaporated to dryness.
The sample is re-dissolved in 50 ul of a solution of methanol-chloroform (1:1) con-
taining the following dyes: Sudan III, p-amincazobenzene, 2,4-diaminoazobenzene,
4-(2-tolylazo)resorcinol and Bismarck Brown Y. A 25-ul volume of this solution is
then spotted with a semi-automatic Hamilton microsyringe on to 300-gm thick
Kieselgel-H thin-layer plates, prepared by StauL’s method?e,

The plates are developed in Brinkmann tanks, covered internally with fibre-
glass paper, which has previously been saturated with benzene—methanol (175:25)
developing solvent. Depending on whether the r7-ketosteroids are analysed alone,
in association with pregnanediol or with the steroids having three hydroxyl functions,
the powder is removed, including the -aminoazobenzene, and either the 2,4-diamino-
azobenzene, the 4-(z-tolylazo)resorcinol or the Bismarck Brown, respectively. The
powder is collected in small columns with glass microfilters. To the powder, five
2-ml volumes of an elution mixture consisting of methanol~diethyl ether (1:1)
are added. The eluate is collected in micro-test-tubes and evaporated to dryness
under nitrogen. The samples are then re-dissolved in 1 ml of chloroform, and o.2 ml
of Regisil and 0.1 ml of pyridine are added. The samples are left overnight at room
temperature. After evaporating the samples to dryness, the trimethylsilyl ether deriv-
atives of the steroids are dissolved in hexane and subjected to GLC on a column
consisting of SE-30 and TMCBA® as stationary phases.

RESULTS AND DISCUSSION

Hydrolysis

The quantities of the enzymes fS-glucuronidase and arylsulphatase used in
doses of 3000 F.U. and 2500 W.U,, respectively, per millilitre of urine are effective in
splitting the conjugated compounds, glucuronides and sulphates. Thus 5 mg of
dehydroepiandrosterone sulphate and 2.5 mg of phenolphthalein glucuronide sub-
mitted to enzymatic hydrolysis were completely split into free compounds (Table I).
The splitting of the steroid conjugates depends on the quantity of enzymes used,
and good results were obtained in the present research with a high enzyme concentra-
tion. Lower hydrolysis values were produced with a decrease in the quantity of
enzyme used,
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TABLE 1

HYDROLYSIS OF GLUCURONIDATE AND SULPHATE COMPOUNDS BY f-GLUCURONIDASE AND ARVLe
SULPHATASE ACCORDING TO THE METHOD DESCRIBED

Compond Amonnt Free amount  Amount found Recovery
tncubated expected aftey hiydvolysis  (94)
{mg) (sng) (2ng)

Dehydroepiandrosterone sodium
sulphate 5.0 3.38 3.31 - 0,020 g8
Phenolphthalein sedium glucuronide 2,582 1.716G 1.700 - 0.01 1% gy

n Each value represents the average of three senarate determinations - S.D,

TABLLE II

HYDROLYSIS OF URINARY STEROIDS BY ﬁ-GLUCURONIDASE AND ARVLSULPHATASE IN VARIOUS CON-
CENTRATIONS

The samples were urine taken from the same subject on different days. [Figures in the table are
steroid valucs expressed as myg/z4 h.

Sample Amndvostevone FEtiogholanolone Delwdroepiandrosterone
. fa Irs In Iin I L

I 2.264 1.360 2.160 1,300 0.812 0,324

Im’ 2,758 1.497 2.048 1,.8¢1 1.26G0 0.615

III 3.2903 3.034 4.120 3.256 1,013 0.510

@ Concentrations of #-glucuronidase and arylsulphatase per millilitre correspond to 5000 F.U,
and z500 W.U, (I) and 10ce F.U. and 500 W.U. (IT).

TABLE III

HYDROLYSEIS OF DIFFERENT AMOUNTS OF ANDROSTERONYE SODIUM SULPHATE BY ARYLSULPHATASE
IN VARIOUS CONCENTRATIONS ACCORDING TO THE METHOD DESCRIBED

The arylsulphatase used was from the commereial preparation supplicd by Calbiochem: #-glucur-
onidase associated with arylsulphatase extracted from Helix pomatia juice.

Sample  Amount of enzyme Amountof Fxpected amount  Actual aniountof  Degree of
(W.U. permlof androsicyone of androsierone androsterone vdrolysis
incubation sulphale added Jreed o complete found {ug) (%)
mixiure) {(1g) hydrolysis (ug)

1 2500 1000 078 4.3 0.03

2 2500 e leld 678 4.7 Q.09

3 2500 1000 G278 3.8 .50

4 5000 rooo G78 6.2 0.Q1

5 5000 1000 078 5.3 0,78

6 5000 50 33.9 0.7 2.07

7 5000 50 33.9 Q.75 2,22

8 5000 50 33.9 1.7 3.25

Using enzymatic concentrations of 5000 F.U. and 2500 W.U. per millilitre of
urine, as proposed in the present method, compared with those used by other workers,
t.e., 1000 F. U, and 500 W.U.2:4.¢-8 we showed that a decrease in the amount of free
steroids occurred at the lower doses of enzymes (Table 1I), Consequently, the other
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workers did not obtain complete enzymatic hydrolysis as {hey did not use adequate
enzyme concentrations. Nevertheless, even under the Lest conditions of enzymatic
cleavage, the splitting of some steroid sulphates is not completed. Thus we submitted
1-mg and 30-ug quantities of androsterone sulphate to enzymatic hydrolysis with
different concentrations of sulphatase and observed very low values of free androster-
one, varying between 0.56 % and 3.23 % of the total amount expected (Table III).
Our results are not in accordance with those obtained by other workers, who claimed
to have obtained complete hydrolysis of the steroid conjugates, including the 3e-
sulphates, by using enzyme concentrations the same as those used in the present
researchl®, The fact that androsterone sulphate is only weakly hydrolysed by the
sulphatases contained in Helix pomatia juice is in accordance with the knowledge
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TFig. 1. Separation of steroids and azo dyes on Kiesclgel-H thin-layer plates using benzene—~methanol
(175:25) as the mobile phase. On the leit of the plate are spotted, irom top to bottom, Sudaa ITI,
P-aminoazobenzens, 2,4-diaminoazobenzene, 4-{2-tolylazo)resorcinol and Bismarck Brown V¥, In
the centre are spotted Sudan ITI, androsterone, dehydroepiandrosterone, etiocholanolone, preg-
nanediol, estradiol, pregnanctriol and estriol, On the right of the plate, the steroids and azo dyes
arc spotted together. Phosphomolybdic acid was used to reveal the steroids, It is possible to ob-
serve that steroids having differont functional groups can be casily localized Ly using the above
dyves,
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that stercid sulphates with a 3¢,50¢ configuration are practically not hydrolysed by
the above enzymes??. Therefore, in order to ensure complete hydrolysis of the steroid
sulphates, we used solvolysis as described by BURSTEIN AND LIERERMAN!! in addition
to enzymatic hydrolysis.

T hin-layer chyvomatography ,

After extracting the steroids with chloroform and ethyl acetate??, the steroids
contained in the extract are purified and separated on Kieselgel-H plates, using
benzene~-methanol (175:25) as the mobile phase. The steroids migrate in differentiable
classes, according to their hydroxyl and ketone functions, and are easily localized
with azo dyes. These are added to the extract before TI.C and do not interfere with
the migration of the steroids themselves. As shown in Fig. 1, the 17-ketosteroids are
located between p-aminoazobenzene and 2z,4-diaminoazobenzene, and the 17-keto-
steroids and pregnanediol occur in the zone between p-aminoazobenzene and 4-(2-
tolylazo)resorcinol. With Bismarck Brown, it is possﬂ)le to localize the position of
steroids having three hydroxyl functions.

Elution of steroids from TLC plales

Using labelled steroids, it was found that extensive destruction of the steroids
occurred during evaporation and concentration of the eluate obtained from the Kiesel-
gel plates?, To avoid such a loss, the steroids were eluted from the powder by using
small columns with glass microfilters and the solvent was collected and evaporated
under nitrogen in micro test-tubes®®. We used diethyl ether-methanol (1:1) as the
clution solvent, To test the efficiency of the solvents proposed by us, 5 ug of a steroid
mixture were spotted on Kieselgel-H plates and then eluted with diethyl ether-
methanol (1:1) and determined by GLC. Recoveries of the various steroids were of
the order of gg—~100 % (Table IV). Such recoveries are comparable with those obtained
by MATTHEWS ¢f al.3 and GANSHIRT3!, who reported high recoveries of steroids
spotted on thin-layer plates but in greater quantities (about 50—~100 ug).

Gas-liquid chromatography
The steroids are subjected to GLC analysis as their trimethylsilyl ethers on a
two-phase column previously described by us??, A gas chromatogram in which many

TABLE IV

RECOVERILES OF VARIOUS STEROIDS SPOTTED ON KIESELGEL-H THIN-LAYIER PLATIES, RLUTED WITH
DIETHVL ETHER—METHANOL (I:I} AND DETERMINED AS THEIR TRIMETHVYLSILYI ETHERS BY GAS-
LIQUID CHROMATOGRAPHY

Steroid Amountof  Amouniaf Standard Recovery
steroid stevoid deviation (%)
spotled (ug)  recovered (pg)t

Androsterone 5 5.05 + 0.6z 100
Ltiocholanolone 5 4.74 -4-0.19 4.8
Dehydroepiandrosteronce 5 4.85 “40.17 07
Pregnanediol 5 4.95 +0.45 99
Estriol 5 4.74 +0.24 94.8

¢ Fach value represents the average of four different samples,
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steroid standards are separated is shown in Fig. 2. The azo dyes, if present in the

steroid mixture and subjected to the silylation process, do not alter the retention
time of the steroids.

I

my ¥

I\ o

1 L 1 1
o 10 20 30 [12]

TIME IN MINUTES

T'ig. 2. Separation of stercid hormones as their irimethylsilyl ethers on a two-phase column com-
peosed of SE-30 and TMCBA, The compounds are located in the following order: androsterone (I),
ctiocholanolone (11}, dehydroepiandrosterone (II1), estradiol (IV), estrone (V), pregnanediol (VI),
estriol (VII) and pregnanetriol (VIIT), A Hewlett-Packard Model 5950 gas chromatograph was
uscd, cquipped with a flamoe ionization detector. Separation was carried out under the following
conditions: temperature of the inlet heater, 270°; column temperature, 230°; detector temperature,
270°; outlet flow-rate, 24 ml/min. Coiled borosilicate glass columns, 6 ft, X 53 mm I.1D., were uscd,

TABLE V

RECOVERIES OF VARIOUS STEROIDS DISSOLVED IN 5 Ml OF AN AQUEOUS SOLUTION AND ANALVYSLED
BY THI METHOD DESCRIBED

Steraid Awmountof  Amouniof Standard ecovery
stevoid stevoid devialion (9%
added {ug) vegoveved (ug)®

Androstcrone 5 4.87 +o0.34 00.9
Ltiocholanolone 5 4.60 +o0.40 1.1
Dehydroepiandrosterone 5 4.81 4 0.32 06.0
Pregnanediol 3 4.86 J-0.35 06.9

n Each value represents the average of five individual determinations,

Recovery lests and use of the method ‘

To evaluate the efficiency of the above method, aqueous solutions containing
5 ug of various steroids were submitted to the analytical procedure described.
Recoveries of 91-96.9 9% were obtained (Table V). Furthermore, 5 ug of dehydroepi-
androsterone and pregnanediol were added to 5 ml of urine and subjected to hydrolysis
and extracted by the method described. Recoveries of these steroids varied between
=78 and g6 9% (Table VI). To correct for eventual losses of steroids contained in the
urine, allopregnanolone was added to the urine as an internal standard before be-
ginning the extraction procedure. The method described is therefore quantitative,
even for small amounts of urine. Samples of 5 ml of urine from normal subjects were
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TABLE VI

RECOVERIES OF 5 ufg OF DEIHYDROLPIANDROSTERONE AND PREGNANEDIOL DISSOLVED IN 1TWO
SAMPLES QT 5 ml OF URINL, HYDROLYSED AND EXTRACTED ACCORDING TO THE METHOD DESCRIBED

.‘.l?mnj:le Steroid Amount of Amountof Amountof Recovery
steroid present  stevoid steroid found (%)
inurine (ug)®  expected (g) (rng)

T Dehyvdroepiandrosicrone 1.02 G.02 5.54 Q2.0

Prepnancdiol 1.46 6.46 G.z0 006.0

II Dehydroepiandrosterone a.8o 5.80 4.40 75.5

Pregnanediol 1.00 6.00 4.80 8o.0

& The amount of steroid present in the wrine was determined in the same samples of urine
without adding the steroids,

TABLE VII
URINARY EXCRETION OF STERCOID HORMONES IN NORMAL FUMAN SUBJECTS
Figures given in the table are steroid values expressed in my/fz4 h.

Suh- Age Androsterone Etiocholanolone  Deliydro- Pregnancdiol NMethod

Jects epiandrosicrone

B.G. 52 0.820 4~ o.05"% 0,980 4- 0.300 0,230 4+ 0.110 0.031 4+ 0,06z  This work

P.L, 58 2.340 4 I1.540 1.730 =} 0.630 I.200 4 0.860 0.408 4+ 0,337 This work

S.A. 58 0.796 + o.2908 1.200 4 1.117 ©.33r -+ 0.287 0 . This waork

Tob > 50 0.38 {0.0-0.73)¢ I.53 (0.14-2.7)° 0.0 (0.0-I.1}° —_— SoLoMoN ef al.B
T3® >350 — — -— 0.15 -+ 0,02 RoMANOFF gt al,

& Each value represents the average of four determinations of urine samples -+ 8.1, collected
on different days.

b Number of subjects studied.

¢ Mcan ranges.

I

ur

1 1 [
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Tig. 3. Scparation of steroids extracted from human urine and analysed as their trimethylsilyl
ethers according to the cdescribed method. The compounds identified were andvosterone (I),
etiocholanolone (11}, dehwydroepiandrosterone (ITI) and pregnanediocl (IV), Conditions for the
sicroid separation are the same as in Fig. 2, except for the column temperature, which was zz25°,

J Chromalogr., 68 (1972} 67—75
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subjected to the analysis, and the results are given in Table VII. Fig. 3 shows a
gas chromatogram of the urinary steroids,

CONCLUSION

The use of the hydrolytic procedure and the quantitative extraction of steroids,
the removal of contaminants by TLC and the extreme sensitivity of the GLC system
allowed us by the method described to analyse sub-microgram amounts of steroids
in small volumes of urine. The present procedure is advantageous also for its lower
cost compared with other methods that deal with 50 or 100 ml of urinet-!1, The
method is therefore recommended for the analysis of various steroids, in particular
17-ketosteroids and pregnanediol, in 5 ml of urine obtained from human subjects
or from small laboratory animals,
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