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The chromatographic procedure described by
Crepy, Jayle and Meslin (1) separates urinary
steroid conjugates into two fractions, the less polar
comprising the ester sulfates and the more polar,
the glucuronides. In the application of this method
to extracts of urines from normal and pathological
subjects, it was observed (2) that the early glu-
curonide eluates contained a small fraction that
gave a positive Vlitos reaction (3), characteristic
of ester sulfates. This fraction was designated
S11, to distinguish it from the major sulfate frac-
tion, Si.
The existence of this fraction was confirmed in

a previous publication (4), and it was shown that
it contained a steroid of low polarity that reduced
blue tetrazolium. The purpose of the present in-
vestigation was to isolate and identify this conju-
gate.

EXPERIMENTAL METHOD

Biological material. Normal subjects were given two
intramuscular inj ections each of 40 U of ACTH-zinc
phosphate at 12-hour intervals. Urine was collected for
24 hours after the second injection and approximately
10 L of urine was used for extraction.
Extraction of the free and conjugated steroids. Solid

ammonium sulfate was added to the urine to give a 50
per cent (wt/vol) solution, which was extracted three
times at pH 7 with an equal volume of ether: ethanol
(3: 1, vol/vol) (5).
Chromatography. A. Separation of ester sulfate and

glucuronide fractions. The dry urine extract was dis-
solved in 100 ml of water and the free corticosteroids were
extracted with dichloromethane. The conjugated corti-
costeroids corresponding to 1 L of urine were then chro-
matographed on several columns of 30 g of alumina.
The columns were eluted with the following solvents:
1) 200 ml of butanol: water (98: 2); 2) 250 ml of bu-
tanol: water (94: 6); 3) 250 ml of butanol: water (90:
10); 4) 300 ml of butanol: 0.1 per cent ammonium hy-
droxide (85: 15). Ester sulfates were determined in each
fraction by the Vlitos reaction, as modified by Crepy
(3, 6, 7). After the addition of methylene blue to the
aqueous extract, the methylene blue-steroid sulfate com-
plex was extracted with chloroform, and the absorbance
at 650 m~uwas compared with that obtained with amounts

ranging between 5 and 40 Ag of sodium dehydroepian-
drosterone sulfate. Glucuronides were determined by the
Tollens reaction (8). B. Separation of fraction S11. The
first eluates obtained with butanol-ammonium hydroxide
contained glucuronides but also gave a positive Vlitos
reaction, suggesting the presence of a small quantity of
polar ester sulfates. These eluates were pooled, evapo-
rated to dryness, and rechromatographed on several
columns containing 20 g of alumina. Elution was car-
ried out as follows: 1) 100 ml of ethanol: water (96: 4);
2) 100 ml of ethanol: water (90: 10); 3) 200 ml of etha-
nol: water (80: 20); 4) 200 ml of ethanol: water (60:
40); 5) 200 ml of ethanol: water (40: 60); 6) 200 ml of
ethanol: water (20: 80); 7) 200 ml of ethanol: water (10:
90); 8) 200 ml of 0.01 per cent ammonium hydroxide in
water. (The water was distilled twice and brought to
pH 7 with dilute ammonium hydroxide before mixing it
with the ethanol.)
Paper chromatography of ester sulfates. The Si, frac-

tion, after removal of the glucuronides, and the synthetic
steroid sulfate 1 were chromatographed in the two follow-
ing solvent systems: 1) butyl acetate: toluene: n-butanol/
4 N ammonium hydroxide: methanol (60: 30: 10/50: 50)
(9); 2) butyl acetate: n-butanol/4 N ammonium hydrox-
ide (25: 75/100).
Paper electrophoresis. Fraction Si, and the synthetic

sulfates were electrophoresed on paper (Carl Schleicher
and Schfill, Dassel no. 2043) in an apparatus of the
Grassman and Hannig type. Electrophoresis was car-
ried out for 6 hours at 60 v, 1 ma per cm at 20'C. Am-
monium carbonate buffer (0.15 N, pH 8.7) was employed.

Detection of ester sulfate on paper. After electrophore-
sis or chromatography the ester sulfates were detected by
an adaptation of the Vlitos reaction (10).
Preparation of 3,8,21-dihydroxy-5-pregnene-20-one 3,21-

disulfate. Ten mg of 3,8,21-dihydroxy-5-pregnene-20-one

1 In this paper the following reference compounds have
been used: 11,8,17a,21-trihydroxy-4-pregnene-3,20-dione
(cortisol); 17a,21 -dihydroxy - 4 -pregnene - 3,11,20 - trione
(cortisone); 118,21-dihydroxy-4-pregnene-3,20-dione (cor-
ticosterone); 21-hydroxy-4-pregnene-3,20-dione (deoxy-
corticosterone) ; 3a,21-dihydroxy-5p-pregnane-20-one (tet-
rahydrodeoxycorticosterone); 3,p,21 - dihydroxy- 5,8 -preg-
nane-20-one; 3,8,21-dihydroxy-5a-pregnane-20-one; 3,p,21-
dihydroxy-5-pregnene-20-one (21-hydroxypregnenolone);
3,, 17p, dihydroxy-5a-androstane (androstanediol); 3a-
hydroxy-5p6-pregnane-20-one (pregnanolone); androstane-
diol disulfate; pregnanolone sulfate; cortisone 21-mono-
sulfate; deoxycorticosterone 21-monosulfate.
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Separation of ester-sulphate and glucuronide
fractions ( I st chromatography on alumina )
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FIG. 1. SEPARATION OF ESTER SULFATE AND GLUCURONIDE FRACTIONS. First
chromatography on alumina.

was treated with 25 mg of the pyridine-sulfur trioxide
complex as described by Sobel and Spoerri (11), and af-
ter evaporation of the pyridine the dry residue was dis-
solved in a mixture of methanol: chloroform (3: 1, vol/
vol). The solution was evaporated and the residue chro-
matographed in the system: butanol acetate: n-butanol/
4 N ammonium hydroxide (25: 75/100). Two compounds
giving a Vlitos-positive reaction were detected. The less
polar (Rf 0.78) reduced tetrazolium blue; the more polar
(Rf 0.28) reduced tetrazolium blue only after solvolysis.2
The more polar material was eluted; paper chromatog-
raphy showed it to be more polar than the reference
monosulfates and similar to 3fi,17fi-dihydroxy-5a-an-
drostane 3,17-disulfate in both chromatographic and
electrophoretic migration. The quantity of this com-

2 Solvolysis is the hydrolysis of a conjugated steroid
in an organic solvent at room temperature (12-15).
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pound was not sufficient to permit crystallization; how-
ever, the positive Vlitos reaction, typical of sulfate con-

jugates, and the positive rhodizonate test for sulfate ion,
after solvolysis, suggest that the synthetic material is 21-
hy~droxy-pregnenolone 3,21-disulfate.
Hydrolysis of ester sulfates on paper chromatograms.

The sulfates were hydrolyzed on paper by the technic of
Schneider and Lewbart (13). The dried chromatogram
was suspended for 3.5 hours at 40'C in a covered cylin-
drical glass jar containing a mixture of concentrated
hydrochloric acid and dioxane (1: 3, vol/vol). The lib-
erated sulfate ion was identified by the rhodizonate
test (16) and the free corticosteroid by reaction with
tetrazolium blue.

Solvolysis. An aliquot of fraction SII from the chro-
matogram was hydrolyzed with dioxane-trichloroacetic
acid mixture (12).
Enzymatic hydrolysis. A further aliquot of fraction Sn
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FIG. 2. SEPARATION OF ESTER SULFATE II AND GLUCURONIDES. Second chro-
matography on alumina.
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TABLE I

Rf of the isolated steroid in five different chromatographic systems

Isooctane/
Toluene/ methanol: Isooctane/ Decalin/ Ligroin/

propanediol water, 5/3:2 propanediol propanediol propanediol
(4 hrs) (8 hrs) (130 hrs) (135 hrs) (60 hrs)

Steroids Structure RTH1DOC RTHDOC RTHDOC RTHDOC RTHDOC

Isolated steroid
of Sii fraction 0.84 0.88 0.61 0.62 0.72

3j3,2 1-dihydroxy-
5-pregnene-20-one 313,A5 0.83 0.88 0.60 0.62 0.73

3#,21-dihydroxy-5a-
pregnane-20-one 3# ,5a 0.85 0.88 0.86 0.87 0.92

3a,21-dihydroxy-5#-
pregnane-20-one
(THDOC) 3a,5,B 1 1 1 1 1

3,8,2 1-dihydroxy-5,8-
pregnane-20-one 305,5j3 1.25 1.70 1.91 1.66

was subjected to hydrolysis by a purified preparation of Figure 2 shows the separation of fraction Si,
sulfatase obtained from Helix pomatia (17) and Sigma from the glucuronide fraction by rechromatography
bacterial glucuronidase. * *

a

Paper chromatography. The steroids released by solvo- on alumina ases ri ae. t he glfra o
Jysis and enzymatic hydrolysis were chromatographed in was eluted with 40 per cent ethanol, the glucuro-
the following systems: chloroform/formamide (18); tolu- nides with 10 per cent ethanol and water, at pH
ene/propylene glycol (18); isooctane/methanol: water 8.4.
(5/3: 2); ligroin/propanediol (19); decalin/propanediol; Composition of fraction SI. Fraction SI, was
isooctane/propanediol. . hydrolyzed with dioxane-trichloroacetic acid andAcetylation. Acetylation was carried out with acetic the steroids extracted with dichloromethane.
anhydride and pyridine.
Paper chromatography of the steroid acetates. The After removal of the solvent the dried extract was

steroid acetates of low polarity were chromatographed chromatographed in the chloroform/formamide
on paper, without impregnation with the stationary phase system, with cortisol, cortisone, and corticosterone
as described previously (20). The solvents employed as reference steroids. We observed that the bulk
were ligroin (600 to 900C) and isooctane. of the material, which was blue tetrazolium-re-

RESULTS ducing, moved with the solvent front in this sys-
tem. This material was eluted and rechromato-

Figure 1 shows the results obtained by initial graphed in five different solvent systems; only one
chromatography of the conjugated steroids on spot was observed after treatment with blue
alumina. Fraction SI, comprising the greater tetrazolium. The results are shown in Table I.
part of the ester sulfates is well separated from In each case the rate of migration of the isolated
the glucuronide fraction. Fraction SII, giving a compound was identical with that of 21-hydroxy-
positive Vlitos reaction, appears in the first elu- pregnenolone.
ates of the glucuronide fraction. Tetrahydrodeoxycorticosterone, 21-hydroxy-

TABLE II

Rf of the isolated steroid acetates (paper adsorption chromatography)

Solvents

Isooctane Ligroin
RDiac. RDiac.

Acetates Structure THDOC THDOC

Steroid acetate from Si, fraction 0.66 0.53
3,,21-diacetoxy-5-pregnene-20-one 3,, A5 0.66 0.54
3#,,21-diacetoxy-5a-pregnane-20-one 303,5a 0.71 0.63
3a,2 1-diacetoxy-50-pregnane-20-one

(Diac. THDOC) 3a,51g 1 1

983



JORGE R. PASQUALINI AND MAX-F. JAYLE

TABLE III

Properties of the isolated steroid

30,2 1-dihydroxy-
Isolated 5-pregnene- 3#,21-dihydroxy-

Physicochemical reactions steroid 20-one 5a-pregnane-20-one

Blue tetrazolium pos. pos. pos.
Porter-Silber neg. neg. neg.
Zimmermann neg. neg. neg.
Absorption at 254 mgu neg. neg. neg.
Soda fluorescence in Wood's light neg. neg. neg.
Formaldehydogenic test (K104) pos. pos. pos.
Absorption maxima in conc.

sulfuric acid (mA) 320 320 320
Absorption maxima in sulfuric acid:

ethyl alcohol (2:1, vol/vol) (mg) 405 405 No absorption,
400-410 m1A

pregnenolone, 3p,21-dihydroxy-5a-pregnane-20-
one, and the unknown compound were acetylated
and the acetates chromatographed on paper as
described previously (20). Relative rates of mi-
gration are shown in Table II.

It is apparent that the diacetate of tetrahydro-
deoxycorticosterone (Diac. THDOC) is less polar
than is the acetate of the unknown compound,
which has the same polarity as the diacetate of the
21-hydroxypregnenolone.
The unknown steroid and its acetate were eluted

from paper and purified on silica gel to remove the
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impurities from the paper and solvent prior to
spectroscopy. A column containing 3 g of silica
gel was used and sequential elution was carried
out with 1) ethyl ether; 2) ethyl ether: chloroform
(90: 10); 3) ethyl ether: chloroform (70: 30);
4) ethyl ether: chloroform (50: 50); 5) ethyl
ether: chloroform (20: 80); 6) chloroform; 7)
chloroform: ethyl acetate (95: 5); 8) chloroform:
ethyl acetate (90: 10); 9) chloroform: ethyl ace-
tate (85:15); 10) chloroform: ethyl acetate (80:
20); 11) chloroform: ethyl acetate (70: 30); 12)
chloroform: ethyl acetate (50 :50).

FIG. 3. ABSORPTION SPECTRA IN SULFURIC ACID: ETHYL ALCOHOL REAGENT (2: 1, VOL/VOL).

ABSORPTION SPECTRA IN SULFURIC ACID-ETHYL ALCOHOL REAGENT
( 2/1,vfv)

Corticosteroid ester-suiphatell
._____. Pregn *5-ene 303,21-diolI20-one (6pg/mI)
_-__ 5ocepregnane 3p,21-diol120-onet6pg/m/)
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The steroid was eluted with chloroform: ethyl
acetate (85:15). The acetate was purified in the
same fashion and eluted with ethyl ether. Table
III shows the properties of the unknown steroid,
together with those of 21-hydroxypregnenolone
and 3,/,21-dihydroxy-5a-pregnane 20-one.

Figure 3 shows absorption spectra in sulfuric
acid: ethyl alcohol (2: 1, vol/vol) (21) between
350 and 500 mu for the unknown steroid, 21-hy-
droxypregnenolone, and 3,/,21-dihydroxy-5a-preg-
nane 20-one. The unknown compound shows the
absorption maximum at 405 m/L, characteristic of
3,8-hydroxy-A5 steroids.

Infrared spectra. Infrared spectra were ob-
tained on 100-/icg quantities of the free steroid and
its acetate in a potassium bromide disk. The
spectrum was determined on a Perkin-Elmer spec-
trophotometer (model 13). In the spectrum of

TABLE IV

Excretion rate of the steroid isolated
from the fraction Si,

Steroid
Urine source excreted

pg/L
Normal subjects after
ACTH 70

Pregnancy (7 months) 25

the compound, an absorption band occurs at 1,705
cm-1 which is typical of the 20-carbonyl function
and another band at 1,043 cm-' which is typical of
the 3,8-hydroxy-A5 grouping.

In the spectrum of the acetate of the isolated
steroid the absorption band occurs at 1,740 cm-'

(21-acetoxy 20-keto function) and 1,240 cm-'

(3-acetoxy function).
Quantitative evaluation. Table IV shows the

quantitative evaluation of the steroid isolated from
the fraction SI, by means of blue tetrazolium (22).
Nature of the conjugate. To investigate the

type of conjugation of the principal component of
fraction SII, its electrophoretic and chromato-
graphic behavior was compared with that of the
reference steroid sulfates.

In system I (butyl acetate: toluene: n-butanol/
4 N ammonium hydroxide: methanol (60: 30: 10/
50: 50), fraction SI, did not migrate, but extrane-
ous material was separated. In this system corti-

TABLE V

Paper chromatography of fraction Si, and reference steroid
sulfates in butyl acetate:n-butanol/NH40H,

4N (25:75/100)

Steroid sulfates Rf

Fraction Sii 0.28
Synthetic 3,B,21-dihydroxy-5-pregnene-

20-one disulfate 0.27

3,6,17,-dihydroxy-5a-androstane disulfate 0.32
Cortisone 21-monosulfate 0.64
Deoxycorticosterone 21-monosulfate 0.78

sone 21-sulfate has a migration rate of 0.20 cm
per hour, and deoxycorticosterone 21-sulfate 1.20
cm per hour. After elution, fraction Si, was re-
chromatographed in system II [butyl acetate:
n-butanol/4 N ammonium hydroxide (25: 75/
100], together with the reference steroid sulfate.
Table V shows the Rf values obtained.
The steroid sulfates were detected by the chlo-

roform-methylene blue reaction. After solvolysis,
a positive rhodizonate reaction was obtained.
Table V shows that fraction SI, has the same mi-
gration rate as 3,8,17/3-dihydroxy-5a-androstane
disulfate and as synthetic 21-hydroxypregnenolone
disulfate. Table VI shows the rate of electropho-
retic migration of fraction SI, and the reference
sulfate.
The steroid disulfates migrate more slowly than

the monosulfates in the chromatographic system
but are relatively faster on electrophoresis. Frac-
tion SI, migrates at the same speed as both 3,8,
17,8-dihydroxy-5a-androstane disulfate and 3,8,21-
dihydroxy-5-pregnene-20-one disulfate.

TABLE VI

Paper electrophoretic migration of fraction SIX and reference
steroid sulfates

Buffer
(NH4)2CO3,

Steroid sulfates 0.15 N

cm/hr
Fraction SI, 2.00
3B,21-dihydroxy-5-pregnene-20-one di- 2.00

sulfate
3,B,1 7#-dihydroxy-5a-androstane disulfate 2.12
Cortisone 21-monosulfate 1.10
Deoxycorticosterone 21-monosulfate 1.10
Pregnanolone 3a-monosulfate 0.80
Androsterone monosulfate 1.20
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DISCUSSION

The identification of the conjugate isolated from
human urine as 21-hydroxypregnenolone disulfate
appears to be well established on the basis of the
chemical procedures employed. Hydrolysis of the
conjugate liberated a steroid of low polarity whose
chromatographic behavior was identical with that
of 21-hydroxypregnenolone, both as the free ster-
oid and after acetylation. The possibility that the
unknown steroid was an isomer of tetrahydro-
deoxycorticosterone was eliminated by chromato-
graphic comparison. Further evidence of struc-
ture is also offered by the absorption spectrum in
sulfuric acid-ethanol, which is typical of A5,3,8-hy-
droxysteroids. A negative Porter-Silber reaction
would rule out a dihydroxy acetone side chain,
whereas the release of formaldehyde after periodic
acid oxidation and reduction of blue tetrazolium
are evidence for an a-ketol grouping.
The conjugation of the steroid with sulfuric

acid is evidenced by its properties, which are typical
of steroid sulfates. Thus it is extractable by chlo-
roform after reaction with methylene blue (Vlitos
reaction) and is hydrolyzed by a sulfatase prepa-

ration. By contrast, bacterial glucuronidase was

found to be ineffective. The conjugate undergoes
solvolysis in dioxane containing trichloroacetic
acid (12), which is considered specific for ester
sulfates and after solvolysis gives a positive reac-

tion for sulfate ion with rhodizonate.
It seems reasonable to formulate the compound

as a disulfate, on the basis of several observations.
First, a 3-monosulfate structure is eliminated,
since prior to hydrolysis the compound does not
reduce blue tetrazolium. A 21-monosulfate struc-
ture also seems unlikely, since the isolated conju-
gate is more polar than is the 21n-monosulfate of
corticosteroids and far more polar than 21-hy-
droxypregnenolone (9), both on paper partition
and alumina chromatography. On the other hand,
its chromatographic mobility is similar to that of
3/3,17,8-dihydroxy-5a-androstane disulfate.

Further evidence is offered by observations on

electrophoretic migration. It has been shown by
Cavina (23), that steroid disulfates migrate more

rapidly than do the monosulfates, and this is in
agreement with our finding that the monosulfates
available to us migrated at only half the speed of
androstanediol disulfate. The urinary conjugate

studied here moved at an electrophoretic, mobility
very similar to this latter compound.

Finally, the most polar material obtained by the
action of pyridine-sulfur trioxide on synthetic 21-
hydroxypregnenolone showed chromatographic
and electrophoretic behavior identical with that of
the urinary conjugate.
We have shown previously that both 3,8-hy-

droxysteroids (24) and corticosterone and corti-
sol (25) are excreted in human urine conjugated
with sulfuric acid, in the latter case as 21-mono-
sulfates. It therefore seems reasonable to assume
that a compound with a 3,/,21-dihydroxy structure
would appear as a disulfate.
On the basis of those findings there appears to

be little doubt that the polar sulfate isolated from
the urine of subjects who had received ACTH is
21-hydroxypregnenolone 3,21-disulfate.

SUMMARY

A conjugated steroid has been isolated from
the urine of subjects who had received zinc-ACTH.
This compound possessed the properties of an
ester sulfate and solvolysis or hydrolysis liberated
a steroid identified as 21-hydroxypregnenolone.
The conjugate showed the characteristics of a
steroid disulfate, and its electrophoretic and chro-
matographic behavior was identical with that of
the most polar compound obtained by the action
of pyridine-sulfur trioxide on 21-hydroxypreg-
nenolone.
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ADDENDUM

In our recent research we administered orally 280 mg
of 21-hydroxypregnenolone 21-monoacetate to a normal
subject, and the urine was collected for 24 hours. Using
the method described in this work we isolated about 3 mg
of 21-hydroxypregnenolone disulfate, identical with the
isolated ester sulfate from fraction S,, after administra-
tion of ACTH; 21-hydroxypregnenolone was found in
neither the free nor the glucuronide fraction.
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