
STUDIES ON THE URINARY a-KETOLlC CORTICOSTEROIDS

by

Antonio Cole's, M.D.

Thesis presented for the Degree of Doctor

of Philosophy, University of Edinburgh.

June 1955.



CONTENTS

GENERAL INTRODUCTION

Page

1

MATERIAL AND METHODS;

The Preparation of the Urine Extracts

Faffs leal Methods of Fractionation:
Solvent"Partition
Paper Chromatography
Countercurrent Distribution
Column Chromatography

Chemical Methods of Fractionation:
"

Girard Separation
Digitonin Precipitation

Methods of Analysis:
Spectral Analysis
Chemical Reactions:

Oxidation with Blue Tetrazolium
Formaldehyde Estimations
Other Chemical Reactions

15

18
19
29
52

45
47

49

51
54
55

RESULTS.

Study of 'Boiled Urine* Extracts by means
of Paper Chromatography:

"Preliminary Experiments
Studies on the Urinary Excretion of

Corticoids by Normal Men
Discussion
Summary

Study of 'Boiled Urine * Extracts by means of
GountercurrenQHaFriboEIon ?

Choice of Solvent System for the
Countercurrent Experiments

First Countercurrent Distribution
Second Countercurrent Distribution
Discussion
Summary

57

6#
71
76

78

79
81
86
91
97

Properties/



CQTONTS (Contd.)

RESULTS (Contd.)

Properties of the Reducing Material present ir.
1 tolled drlne' Extracts: *

Chromatographic Properties
Ultraviolet Absorption Spectra
Girard separation
Acid and Alkali Treatments
Digitonin Precipitation
Oxidation of X& with Sodium Biamuthate
Oppenauer Oxidation
Extraction of Urine at pH 1.0 and Room

•Temperature
Discussion
Summary

The Isolation and Identification of Crystalline
Compounds from ' ^BoTjeSHXrlna* "Extracts? ' j
*

Chromatographic Procedures
Fractionation of the First Fool
Fractionation of tae Second Fool,.
Identification of as 3B-C1- £p-andr©-

sten-17-one
Froperties of Eg
Discussion
Summary

99
101
105
107
110
111
114

116
120
127

129
150
152
154

157
139
145
150

dSFKRBKCSS 152

ACKHOWLIDGMgUTS 159



.1-

GKK&KAL ISl'EQDUCTIQK

Among the urinary steroids those possessing

an a-ketolic side-chain (CEfeQH-CO-) attached to

C-17 in ring D of the nucleus are considered to

have special significance. All seven active

compounds so far isolated from the adrenal cortex

present this feature together with a ketonic group

at C-3 and^double bond between €-4 and C-6. It
is generally held that the quantitative and quali¬

tative analysis of the urinary a-ketolic steroids

can be a valuable if indirect tool to assess

adrenocortical function* because these metabolites

bear a more direct connection with the hormonal

precursors than those steroids in which the side-

chain has been removed or altered in the course of

the metabolism.

A list of the a-ketolic steroids isolated

from the adrenal gland can be found in the book

by Porfman and Ungar (1953). A new item in it

is aldosterone. She story of its isolation and

identification is given with many references in a

review by lettatein and Anner (1954). So the

urinary/



urinary a-ketollc steroids included in the above-

mentioned book it is necessary to add pregnane-

3a,17a,21-triol-20-one, Isolated by Rosselet,

Overland, Jailer and Lieberman (1954) from the

urine of two women suffering from Cuahing's

syndrome due to adrenal carcinoma. This finding

has been confirmed by Touchstone, Richardson,

Bulaschenko, Landolt and Dohan (1954). Romanoff,

Wolf and Fincus (1952) reported the presence in

urine of allopregnane derivatives with no further

confirmation. Their inclusion in Table 1 is

merely provisional. There have been recent

reports (Richardson, Touchstone and Dohan, 1954,

1955) of the identification in urine, after the

administration of the six active adrenal hormones

(aldosterone excepted), of the corresponding

tetrahydro derivatives, i.e., with the a,3-

unsaturated ketonic group in ring A fully reduced.

Moreover, the same group of workers has identified

the tetrahydro derivatives of corticosterone and

11-dehydrocorticosterone, allotetrahydrocortico-

sterone, and corticosterone in human urine after

parenteral administration of ACTH (Touchstone,

Bulaschenko, Richardson and Dohan, 1954).

All these a-ketolic steroids are listed in

Table /
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Table 1 and their formulae given in Fig. 1.

Burst©in, Dorfman and Hadel (1954) have

described the isolation of 6B-hydroxycortisol from

the urine of a man with Cuahing1© syndrome who

was given 275 mg. of Cortisol intravenously after

removal of the diseased adrenal. The compound

was also detected in late human pregnancy urine.

This steroid has not been included in the Table

or in Fig. 1 because the significance of the 6£-

hydroxylation in normal persons is still not

clear.

It can be seen that only four of the seven

active cortical compounds have been found in

urine: hydrocortisone, cortisone, aldosterone and

corticosterone. A common metabolic process seems

to be the reduction of ring A to give the saturated

pregnane derivatives. It is remarkable that

only allopregnane and no pregnane derivatives

have been isolated from the adrenal. Finally,

the isolation of ^S-pregnene-3B,21-diol-20-one
from urine after ACTH administration reported by

Dobriner and his group (1950►) is specially

interesting for several reasons. In the first

place, this substance has the same ring A con¬

figuration of dehydroepiandrosterone, a 17-keto-

sterold excreted in comparatively large amounts

by/
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Table 1. a-Ketolle steroids Isolated from the adrenal
gland and the urine•

|
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*

Compounds Other Namee Adrenal Urine

X Allopregnane-50,11(3,17a f21-tetrol-2O-one Reichstein's V ♦

II Allopregnane-3er, 110,17a ,21-tetrol ,20-one fieichetein's C ♦ -

in Allopregnene-3p,17a,21-triol,11,20-dione Eeichstein'e 0
♦

IV Allopregnane-17a,21-diol-3,ll,20-trione mm

— +?

V Allopregnane-30,17a,21-triol-2O-one Reichstein's P
♦ + ?

VI Allopregnane-30-110,21-triol-20-one Eeichsteln's H
♦ -

VII Allopregnane-3a,110,21-triol-2O-one -
+

VIII Allopregnane-30,21-diol-ll,2O-dione Reichstein's N
♦ -

IX pregnane-3et ,110,17a,21-tetrol-20-one Tetrahydro-F;
TH-F

+

X Pregnane-5a,17a ,21-triol-ll,20-dione Tetrahydro-B;
TH-E

+

XI Pregnane-17a,21-diol-3,11,20-dione Dihydro-EjDH-E
- ♦

XII Pregnane-3a,17a,21-triol-20-one Tetrahydro-S?
TH-S

m +

XIII Pregnane-3cr,110,21-triol-20-one Tetrahydro-B;
TH-B

' ♦

XIV Pregnane-3a,21-diol-ll,20-dione Tetrahydro-Ai
TH-A

+

XV fregnan©-3a,21-diol-20-one Tetrahydro-DOC j
TH-DOC

+

XVI
4

^ -Pregnene-110,17a,21-triol-3,20-dione

4
A -Pregnane-17a,21;diol-3,11,20-trione

Cortisol,Hydro¬
cortisone,
Kendall's F

•f +

XVII Kendall's E
■f ♦

XVIII /
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Compounds Other Names Adrenal Urine

XVIII
4

^-Fregnene-lip,21-diol-3,20-dione-
18-sl

Aldosterone,
Electrocortin

♦ ♦

XIX
4

A -JPregnene-17a,21-diol-3,20*dione Relchstein's 3,
17-0H-11-D0C

♦ *

XX
4

A -Pregnane-Its,2l-diol-3,2o-dione Corticosterone,
Kendall's B

♦ ♦

XXI
4

A -Pregnene-21-ol-3,ll,20-trione 11-Denydro-
corticosterone,
Kendall's A

♦ -

XXII
4

A -Pregnene-21-ol-3,20-dione ll-Deaoxy-
corticosterone,
DOC

♦ «•

XXIII
5

A -Pregnerie-3p,21-diol-20-one - • ♦
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by normal people. Secondly, other steroids with

the same grouping have been isolated from the

urine of patients with adrenal carcinoma in fairly

large quantities. The third reason is that
5

pregnenolone, another £ -30-hydroxysteroid,

appears to be a very important intermediate in

the biosynthesis of the corticosteroids (Lieber-

man and Teich, 1953? Hechter and Fincus, 1954).

We shall discuss later this group of steroids in

more detail.

So far we have tabulated steroids which

have been found sometimes in very small amounts,

in abnormal cases, or after the administration of

certain hormones. We shall proceed a step further

trying to give a picture of the quantitative

excretion of a-ketolic steroids by normal human

beings.

Table 2 (p. 7 ) shows that tetrahydro-

cortisone is by far the most important urinary

corticosteroid quantitatively speaking, Burstein,

Savard and Dorfman (1953) found that the adminis¬

tration of hydrocortisone acetate to a male

patient suffering from slight peripheral

scleroderma was followed by the recovery in urine

of increased amounts of compounds P and E and

their/
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Table 2.

REFERENCES

'' 5
;

/^g./24 hours OBSERVATIONS

E F TH-E TH-F

Baggett, Kinsalla
and Doisy (1953)

mm - 4,600 - After |3-glucur¬
onidase; average
of 14 men

. ' »

De Courcy, Bush,
Gray and Lunnon
(1953)

.

91.5 34,5 - mm After p-glucur-
onidase; average
of 10 men

< 1 ' '• ,V(

Cope and Hurloek
(1954)

150 98 1,600 465 Hydrolysis cf.
Bayliss (1952);
average of 10
men
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their tetrahydro derivatives. This is a proof

of the conversion of Cortisol to cortisone. As

Cortisol is the major cortlcoid in human blood

(Bush and Sandberg, 1953; Morris and Williams,

1955) it follows that the estimation of these

four compounds in urine can be a useful tool in

the assessment of adrenal cortical function as

far as the metabolism of Cortisol is concerned

(Cope and Hurloek, 1954).

Cortisol is also the major component of

hog adrenal extracts (see Table 3, p. 9 ) and

apparently of human adrenal glands (Hudson and

Lombardo, 1955). All the evidence tends to

indicate that cortisone is not present in human

blood in detectable amounts by the methods now

in existence. On the other hand, eorticosterone

is present in amounts ranging from one-half to

one-tenth of those of Cortisol. It is noteworthy

that although the transformation of corticosterone

into dehydrocorticoaterone and their tetrahydro-

darivatives has been shown in vivo, these sub¬

stances have been detected in urine only after

the administration of the parent compound

(Richardson, Touchstone and Dohan, 1954).

The position may be summarized thus:-

Of the six active compounds isolated from the

adrenal/



fable 3.

Amounts of active compounds found in beef adrenal
(Bieser and Fieser, 1949) and in nog adrenal
(Dobriner et al_., 1954) in /^-g./kg.

Compounds
-

Beef Hog*

Hydrocortisone 80 1,900

Cortisone 1,100 1,320

Corticosterone 750 440

Dehydrocorticosterone 735 1,100

17-GH-DOC 13 880

Desoxycorticosterone

.

27 -

x Wettstein and Anner (1954) have reported
9,000 /Ug. of corticosterone, 7,000 A<g. of
hydrocortisone and 3,500 /^g. of cortisone per
kg. of hog adrenal gland. Their figure for
aldosterone is 40-95 ^g./kg.
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adrenal cortex, excluding aldosterone, desoxy-

cortlcoaterone and ita 17-hydroxylated derivative

are not probably hormones but may play a role in

tbe biogenesis of tae other four, Hydrocortisone

and cortieosterone are the major cortieoida in

human blood, together with aldosterone they

account for all the physiological properties of

adrenal extracts regarding carbohydrate and

mineral metabolism and can therefore be properly

called cortical hormones. Only a-ketolte steroids

derived from Cortisol have been found in the

urine of normal subjects without prior adminis¬

tration of cortical hormones, the absence of

derivatives of corticosteroid being remarkable,

because its administration is followed by their

presence in urine.

It is a well known fact that steroid

metabolites are excreted as their conjugates with

sulphuric or glucuronic acid, and perhaps with

amino acids (Eadee, Pollack and King, 1954), the

isolation of these conjugates has proved to be a

difficult step in the characterisation of the

urinary corticosteroids, and so a preliminary

treatment of the urine to split the conjugates is

necessary. Baylias (1952) and Marrian (1951)

have/
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have discussed the conditions that this hydrolytlc

treatment of the urine must fulfil, The former

has suggested a procedure comprising treatment

with the enzyme ^-glucuronidase, extraction,

adjustment of the urine at pH 1 followed by an

immediate extraction and another after standing for

24 hours at room temperature.

Although the flow-sheet outlined by Bayliss

is probably the best for routine clinical purposes,

it is doubtful if all the steroid conjugates are

hydrolysed in this procedure without destruction.

Ihere is evidence for the existence of a type of

conjugated formaldexiydogenic material which can

be extracted from acidified but not from neutral

urine by chloroform, and is readily hydrolysed at

pH 1 and room temperature, yielding free labile

steroids under these conditions (Marrian, Paterson

and Atherden, 1S53; Peterson and Marrian, 1953b).

Speirs, Wragg, Bonner and Homburger (1951)

have developed a bioasaay based upon a decrease

in the number of circulating eosinophils in

adrenalectomized mice, a specific response to the

administration of 11-oxycorticosteroids. With

this method they made the observation that boiling

of the urine of ACTH-treated patients, when

carried/
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carried out at a neutral or slightly alkaline

pH,produced an increase in the assay results.

Boiling in an acid medium (pH 2) tended to destroy

the cortlcoid activity. The increase only

occurred in patients receiving ACTH and did not

occur in patients receiving cortisone therapy.

The boiling of neutral urine as a method of

hydrolysis has been used by Dingemans© and Huis

in't Veld (1952) who isolated i-andro8tan-6-ol-17-

one from the urine of patients with virilizing

tumours of the adrenal cortex. The original

conjugate would be dehydroepiandroaterone sulphate

according to evidence presented by Lieberman,

Mond and Smylea (1954). The hydrolysis of this

conjugate at pH 0.9 and room temperature for

24-43 hours accompanied by continuous extraction

with ether yields only dehydroepiandroaterone with

an excellent recovery. If, however, hot acid

hydrolysis is employed the result is the formation

of artifacts in a major proportion. These

artifacts are predominantly 3,5-androstadien-17-

one and 3-enxoro- i-andno.tan-XV-oa.. lh...

transformations are shown in Fig. 2.

The present work started under the

preceding considerations. The methods of

separation of steroids in biological mixtures

have/
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have progressed to such extent that an Investi¬

gation of the nature of the active material

liberated by boiling was considered possible and

very likely rewarding in view of the fact, as has

already been pointed out, that this material was

found only after ACTH administration and not after

cortisone administration. This would suggest

that the material is not a metabolic product of

the cortical hormones, or cortisone at any rate,

but perhaps an intermediate in their biosynthesis,
14

When eholesterol-S-G is perfused through cow

adrenal glands with ACTH in the perfusion medium,

the Increase in the production of cortlcolds with

C*4 is eighteen times that of non-ACTii-treated

glands. If progesterone is substituted for

cholesterol in t.iis experiment,the corresponding

Increase is only one-fifth of the non-ACTH-

treatad glands. These results obtained by Stone

and Hechter (1954) strongly indicate that the site

of action of AC'TB in corticosteroidogenesis is

some reaction taking place in the conversion of

cholesterol into progesterone.

Since the active compounds from the adrenal

cortex all have an a-ketollc aide-chain, a search

for substances with this characteristic in

extracts of boiled urine was the primary object

of/
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Of this work. Its result has been the detection

of a substance with reducing properties similar

to those of a-ketolic steroids. this substance,

whose properties have been studied in some detail*

appears to be a hitherto undoscribed cortico¬

steroid. Its isolation and identification has

not yet been achieved, but work in this direction

is still proceeding in the hope that this finding

may be correlated with the results reported by

Speir et al. (1951).

Two other non-reducing substances have

been isolated from these extracts of boiled urine.
•

One of them, identified as 3£-Cl- ^-androaten-
lT-one, is a well-known artifact occurring during

acid hydrolysis of urine (Butenandt and Bannenbaum,

1934), The identification of the other was not

possible due to ths scarce amount of material

available. There is evidence to show that this

second compound may well be a 16-ketosteroid.

Should this assumption be confirmed this would be

the first instance of a compound of that kind

isolated from human urine.
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matsrial aid methods

Only a general description of the material

and methods used in the present work will be given.

The preparation of the urine extracts will be

referred to in the first place, followed by a

discussion of those physical and chemical methods

of fractionation and analysis which have proved

most useful in the course of this investigation.

This section is not intended to be an exhaustive

survey of the lltsratvire on these topics, but

merely to contain the fundamentals of the methods,

and the additions or modifications which ware

deemed convenient to make in order to adapt them

to our conditions of work.

The Preparation of the Urine Extracts

The donors of urine were healthy male

members of the staff of the Department of Bio¬

chemistry. The urine, whether brought to the

laboratory in individual samples of 24 hours or

being pooled during the day, was collected without

preservatives and worked up immediately after the

arrival. When this was not possible the urine

was kept in the refrigerator for not longer than

48/
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48 hours after collection.

At the beginning of this work the urine was

adjusted at pH V + 0,2 with 0.1 MaOH. Later

it was found that the processing of urine at its

original pll when no less than pH 6 made no

difference as regards the chromatographic pattern

of the 'boiled urine' extract. The urine thus

treated was then extracted with two volumes of

chloroform and the extract washed twice with 1/5

of its volume of 0.1 H-MaOH, twice with 1/5 volume

of distilled water, dried with 2% (w/v) of anhydrous

sodium sulphate, filtered, and evaporated on a

water bath at about 45°C. with the aid of a water

pump. The residue was the crude 'unboiled urine'

extract. The urine was then boiled for 30 minutes,

cooled down under running water and extracted in

an identical manner. This was the 'boiled urine'
■

extract. The emulsions often found in extractions

with chloroform were broken by filtration under

reduced pressure or by eentrifug&tlon.

In the later isolation work, in which large

volumes of urine were dealt with, the preceding

procedure was uneconomic and time-consuming.

(Therefore, the urine was boiled without previous

extraction, and afterwards was extracted with

% /



4 s 0,1 volumes of chloroform, centrlfuging after
.

each extraction, and reintegrating the upper layer

to the separating funnel for the next extraction,
:• *
No important difference in the chromatographic

pattern was seen in urines thus treated as

compared with those on which the former procedure

was U3©d. Ho doubt, this extraction is still

incomplete. Mr Potherby of this Department

(unpublished data) found that re-boiling of the

urine followed by another extraction still

liberated further amounts of formaldehydogenic

substances, but from a practical point of view it

was not considered necessary at this stage to

extract exhaustively the urine until quantitative

recovery of all the material was attained.

Chloroform and other solvents employed in
, , . !

this work were usually purified and redistilled in

the laboratory following the directions of

Uelssberger and Proskauer (1935),

Physical/
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Physical Methods of Fractionation
* I ■llllii |W l»l IMlllll mil Ml nil li Mi ,!■ niMinW i i»n Wli i i.-iin.ii ml m —i. w ' ■■ ..nr. iwiw

Solvent Partition. The crude extract prepared as

described above was too impure to be applied to
■

the starting line of the chromatograms. Mason,

Ilyers and Kendall (19S6) used successfully an

elaborate method of solvent partition for the

isolation of hormones from extracts of the adrenal

cortex,

A very simple solvent partition between

hexane and aqueous methanol proved very useful

in the present work. The reducing material was

concentrated five times, and no reducing material

was detected in the discarded phases. The

procedure is as follows: The crude residue left

after evaporating the chloroform extract of a 24 hr.

sample of urine weighing 25 rag. or less was

dissolved In 10 ml. of VQ% aqueous methanol, and

transferred to a small separating funnel. The

flask|Wa3 washed with a further 10 ml. of aqueous

methanol and with two portions of 10 ml. of hexane,

all the washings being transferred to the funnel.

After shaking, the lower layer was drawn off, and

another 20 ml. more of aqueous methanol added into

the funnel to replace it. After this second,

shaking/
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raetabollc reactions of the steroid hormones

(Bush, 1954; Savard, 1954; Haines and Karnemaat,

1954; Zaffaroni, 1955),
At first the chromatography involved the

previous formation of the Girard's hydrazones of

the ketosteroids (Burton, Zaffaroni and Keutemnn,

1948 and 1949), Later a less cumbersome and

more efficient method was developed by the same

workers (Burton et al.. 1951a and 1951b). The

essential feature of their procedure la the

impregnation of the filter paper with a non¬

volatile organic solvent as stationary phase,

before its introduction into the chromatographic

chamber. The solvent front is allowed to over¬

run the bottom edge of the paper and the overflow

is collected in a beaker to be rechromatographed

in a slower system. The Hp cannot thus be
calculated, but the authors use the relative

mobilities of the steroids to a fastmoving

compound which receives a value of 1,

The previous impregnation of the paper is

somewhat cumbersome and implies an additional

difficulty in drying the chromatogram after

development. Bush (1952) has proposed a method

in which this difficulty is obviated by using

volatile/
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volatlle solvents for both phases and carrying out

the equilibration at 37 °C. The stationary phase

is aqueous methanol saturated with the mixture of

organic solvents (benzene, ligroin, toluene, etc.)

used as mobile phase.

Hie comparative usefulness of the methods

of Zaff&roni and Bush has been discussed ardently

by people in favour of one or the other method,

it is a matter of personal choice and available

facilities to decide which technique is most

suited to a particular problem. Bush (1954)

has summarized the advantages and disadvantages

of both methods. It is probably true to say that

Bush's method is better as an analytical technique,

whereas Zaffaroni's method can handle relatively

larger amounts of vary crude extracts, and so, is

better for preparative purposes.

Perhaps the greatest limitation of Bush's

method comes from the need of a chromatographic

room at 37°G. Schwars (1953) and Alcoelc and

Cannell (1954) have made apparatus designed to

reduce the space required for each chromatographic

sheet and to permit the introduction of this

'chromatocoll' - as Schwarz's device is named -

into an ordinary incubator.

By/
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8y proper modification in the composition

of the solvents, choice of the adequate quality

of filter paper, and suitable time of equili¬

bration of the paper with the vapours of the

solvent, it is possible to adapt Bush* s method

so that it gives good results at room temperature.

The amount of material that can be applied to the

starting line is, however, considerably reduced.

In our experience no more than lOCyxg, per spot
should be used when dealing with mixtures. This

limitation is not of too great importance because

very sensitive methods of detection are available

which permit the location on the paper of 1yug.

of steroid or less in some cases.

This brings us to the question of the

reagents or techniques used to find out the

position of the steroids in chromatograma and,

if possible, to reveal their identity. The

spraying of the carefully dried paper with 10$
HaOH in 60$ aqueous methanol (Bush, 1952) or in

water (Bush, 1954), followed by gentle heating at

about 80°C,, and inspection in the ultraviolet

light of a mercury lamp provided with an adequate

filter, shows the tester©ids as yellow

fluorescent spots. As little as 0,25 /^g» may
be/
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be detected using photographic detection. In our

experience, without the aid of photography, 10/*g«
2

of steroid could be detected In a spot of 3 cm .,

but not smaller amounts. As there are in the

urine extracts many other fluorescent spots, some

of the yellow ones being very constant, it is

necessary to examine the paper in the ultraviolet

light before the spray.

Steroids such as the ^-3-ke tosteroids with

a ketonic group conjugated with a double bond

(a,^-unsaturated ketones) absorb maximally near

240 mjuu » Use of this property is rude in
visualising the opaque spots of these steroids

when a fluorescent screen is interposed between

the ultraviolet light source (a mercury lamp

emitting light at 2537 A) and the paper. In this

form another test can be applied to the same paper,

or if desired the spots can be cut out and the

steroid extracted from the paper with a suitable

solvent. As a warning of the lack of specificity

of this test we should mention that caffeine and

other purines and pyrimidines also give absorption

under these conditions. Caffeine runs in our

chromatograms slightly slower than Reichstein1s

compound S and is usually present in urine extracts.

The/
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The l^-ketosteroids can be recognized by

their reaction with alkaline m~dinitrobenzene to

give purple spots (Axelrod, 1955) different from

the much leas sensitive reaction that takes place

when the same reagent is applied to 3- or 20-

ketosteroids.

For the characterization of the a-ketol

grouping use has been made of the substance known

as 'blue tetrazolium' (B.D.H.), first used

Mader and Buck (1952) in a colorimetric method

for reducing steroids. 'Blue tetrazolium' (HP)

is the 3,3'-dianisole-bis-4,4'-(3,4-diphenyl)-
fcetrazolium chloride (Rutenburg, Gofsteln and

Seligman, 1950).

3T can be applied in the same way as tri-

phenyltefcrazoliunx chloride (TPTZ) was (Burton at

al., 1951a), but it is much more sensitive,

detecting as little as 1^g. of a-ketolic steroids
p

per cm . Hoffmann and Standinger (1951) suggested

a quantitative method based upon the elution of

the coloured product called forrmzan of the

reaction between the steroid and TFTZ. Cope and

Hurlock (1954) have proposed a similar method

substituting the BT for the TPTZ, although the

eluted/
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eluted colour only follows Beer's Law within a

certain range. It should be noted that BT is

not specific for reducing steroids, other reducing

substances giving positive reactions as well.

Within the field of the steroids, however, it

seems fairly specific as has been shown by

Zaffaroni (1955), although not without limitations.

Only methods of detection used systematically

throughout the course of tills Investigation have

been described In the preceding paragraphs•

Details referring to other reactions can be found

in the references quoted, 3pecia2.1y in the review

by Bush (1954).

We can proceed now to a description of the

chromatographic method that we have used as a

routine analytical method In this research. The

method using volatile solvents seemed preferable

with the facilities available and the object we
*

had in mind. Thus several trials placing the

chromatographic chamber Into an incubator were

initiated. The results were very disappointing

because of uneven heating of the front and rear

walls of the chamber with the result that the

papergram placed at the front was nearly developed

when that at the bach showed the solvent front

midway/
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raidway between the starting line and the lower

edge of the paper. The Rp values of parallel
series of standard steroids run in this way showed

considerable disagreement.

A series of experiments was designed to

achieve a satisfactory working method at about

18°G. To this end, the quality of the paper, the

composition of the solvents, and the time for

equilibration were modified until finally con¬

sistent Rp values were obtained for the standards.
The paper chosen was Whatman no,42. The

large sheets of this slow paper ?/ere cut in four

portions measuring 14.3 x 45.7 cm, each. The

starting line was drawn at 11 cm, from one edge.

The application of the material to the paper was

carried out by repeated pipetting by means of an

opsonic pipette with a capillary tip. The paper

was held on a hot plate while 2-4/SI* portions of

the solution were successively applied on to the

starting line. The resulting spot had a diameter

of 5-10 mm.

The standard solutions were made up of a

known weight of steroid In 10 ml, of methanol.

The concentration was usually 1 These

solutions were kept in the refrigerator until

required. Hie urine extracts were applied in a

similar/
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sirailar fashion after solution in the minimum

amount of methanol, which never was loss than

0,1 ml,

The chromatographic chambers wore glass

tanks of adequate size, placed in a room at 18°C ±

2°C« Two solvent systems were used. The first,

made up of benseneswatermethanol (10:3:,7; v/v);
the second was Bush's system (Bush, 1952).

In either case, the solvents were shaken and left

to separate in the chromatographic room overnight

after occasional shaking during the day. The

lower phase, stationary phase, or methanolic

phase was drawn off into the tank. Part of the
i i

upper phase, i.e., the mobile phase, was poured

into a dish which was placed at the bottom of the

tarik. Sheets hanging from the lateral sides of

the tank and dipping into each phase facilitated

the filling of the tank with the vapours of both

phases* The solvents were renewed approximately
• I

every month* Within each batch and with

similar length of running the values for a

given steroid were reproducible within * 0.02.

The paper was hung from a trough placed at

the top of the tank and the lid firmly secured by

means/
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means of a place of wood screwed at both sides of

the tank. After equilibrating overnight the

mobile phase was poured into the trough through

a small hole in the lid. The running lasted

about 4 hr. for Bush1 s system Ba and 6 hr. for

the system benzene: 70$ aqueous methanol. In

this time the solvent front was at about 27 em.

from the starting line. The paper was removed

and dried by evaporation at room temperature, and

then inspected at the ultraviolet light of a

Hanovia lamp for the presence of fluorescent sub¬

stances which were marked with a pencil. In the

second half of our study a 'Chromatollte' ultra¬

violet lamp was available to us, thus making

possible the location of a,|3-unsaturated ketones

by the absorption of light of 2537 t.
After this inspection, either Bush* s reaction

with the methanolic soda or the BT reaction was

carried out. We have already given details of

the first. To perform the second 10 rag. of BT

were dissolved in 10 ml. of water and 5 ml. of

10$ NaOH added. This volume is enough to spray

a sheet of the size used in this work. We have not

found it useful to combine both reactions, a pro¬

cedure apparently successful in the hands of Bush

(1954)/
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(1954). Therefore, when information provided,

by both these reactions wag needed, duplicates

were run in separate papers. Otherwise, the ST

reaction was systematically used.

The yellow fluorescent spots in Bush's re¬

action fad© rather quickly,but a permanent photo¬

graphic record can be kept. The BT spots are

very stable and a copy on transparent paper can

be made for keeping a record of the chromtograms•

Countercarrent Pi3tributloa

The earliest record of the use of counter-

current distribution in the analysis of urinary

steroids is a short note by Archibald and Stroh

(1948) who detected several peaks with a system

consisting of cyclohexane and 38$ aqueous ethanol.

Bngel, Slaunwhite, Carter and Hathanson

(1950) separated ©estrone, ©estradiol-17p, and

oestriol by a 24-transfers countercurrent dis¬

tribution using 50$ aqueous methanol as the upper

layer and carbon tetrachloride as the lower. The

same system was used by Diczfalusy (1953) in his

work on the oestrogen content of the human

placenta.

A very interesting attempt to apply counter-

current/
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currant methods to the study of the pattern of

urinary corticosteroids is the recent paper by

Talbot, Ulick, Koupreianow and Zygmuntcwics (1955).
The separation is carried out in a ternary biphaolc

system consisting of water, 1 so-octane and js-butyl
alcohol (4:3:2). The analysis of the fractions

is based, upon the formation of the thiosemiearba-

sones of the a,p-unsaturated ketonic groups and

their high extinction coefficient at 302 m/k..
Useful information about the partition

coefficients of some neutral steroids in a

quaternary system made of ethyl acetate, cyclo-

hexane, ethanol, and water,has been presented

by Bngel, Alexander, Carter, Elliott and Webster

(1954). Using 150 transfers and the above

solvents in the proportion 5:5:3:7, Engel, Carter

and Fielding (1955) have succeeded - after paper

chromatography of some of the fractions - in

isolating tetrahydrocorticostarone, its allotsomer

(5a), and tetrahydrodehydrocorticostercme from the

urine of a patient with rheumatoid arthritis who

was treated with 300 mg. of corticostercne per

day for 8 days.

We have made U3e of oountercurrent methods

in our work with not very good results. Of several

solvent/
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solvent systems which were tried, one consisting

of methanol, water, benzene and chloroform in the

proportions 16s4817:3, was chosen because the

partition coefficients of 17a-^ydroxy-41«desoxy-

eorticosterone and 11-dehydrocorticosterone in it

were respectively 1,44 and 0,60, the partition

coefficient being the ratio between amount in the

upper (methanolie) layer arid amount in the lower

(benzenlc) layer.

In one case a hand-operating machine with 45

glass tubes of the type described by Gregory and

Craig (1951) was used, whereas in a second experi¬

ment only 11 transfers using separating funnels

were carried out. In both cases the volumes of

upper and lower phases were the same. The solvents

were mixed in the proportions quoted, allowed to

settle, and separated. In a typical experiment

400 ml, of methanol, 100 ml, of water, 425 ml, of

benzene and 75 ml, of chloroform gave 560 ml, of

the methanolie upper phase and 430 ml, of the

benzenie power phase.

Although the results of these distributions

will be given later In detail, it can be anticipated

here that countercurrent distribution of urine

extracts/
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extracts seems leas valuable than other pro¬

cedures stieh as paper or column cliromtography

in the Isolation of steroid metabolites. It

should be noted that in the work previously

quoted (Sngel et al.. 1955) paper chromatography
'

was needed to achieve a complete resolution of
<

the main fractions.

Column Chromatography

Shis technique has rendered very valuable

services in the resolution of the steroid mixtures

present in extracts from tissues and biological

fluids, A useful survey of the more relevant

work published on this subject lias been presented

by Bush (1954a),

Speaking in general terms, we can distinguish
■ :

adsorption and partition methods. In the Ideal

case, the basic phenomenon in adsorption chromato-
; , . , •; ; ■ ; . i [ i

graphy is the concentration of the material

dissolved in an adequate solvent upon the surface

of a finely divided solid, whereas in partition

ehromtography a distribution takes place between

two liquid phe.ses, one of them held by an inert

solid. It is universally agreed that these are

extreme cases, rarely seen in practice, for the

water/
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water content of the adsorbent may introduce a

partition effect and, conversely, the solid

ho?.ding the stationary phase in partition

chromatography my not be so inert as theoretically

defined, The distinction, however, seeras useful
' '

because it facilitates the theoretical treatment

of the process of separation in each case.

In both methods a sufficient volume of a

solvent or mixture of solvents is allowed to

percolate through the column containing the

adsorbent or the inert solid plus the stationary

phase, in order to draw down the solutes which

will gradually appear in a definite order. The

liquid flowing from the column is thus collected

in fractions whose contents can be analysed and

the restilts plotted graphically as quantity of

material in each fraction versus volume of

effluent or fraction number (liquid chromatogram) *

The form of the curve obtained for a pure

compound can be ahovm to approach the normal

Gau3s5an curve of error in the case of partition

chromatography (Martin and Synge, 1941), in which

the distribution isotherm is a straight line, at
:

any rat© for a certain range of concentrations.
L
This is not the case in adsorption chromatography

because the distribution Isotherm is a parabolic

(Freundlich1s /
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(Preun&lieh' s isotherm) 02* hyperbolic curve

(Langmuir*s isotherm), i.e. the amount of solute

adsorbed by a given weight of adsorbent is not a

linear function of the concentration. (Tisellus,

1952), The adsorption is relatively greater for

small concentrations than for large ones. This

will cause the rear end of a band of a solute in

the column to move more slowly than the front end,

with the result that the curve is no longer

symmetric and shows a diffuse tail which may

interfere with adequate separation from the front

end of the next solute.

If the elution, however, is carried out by

a continuously modified solvent, commencing the

elution with a solvent which will not elute the

solutes and then continuously adding - using an

external mixing vessel - a second solvent in

which they are not adsorbed at all, the rear part

of a band is forced to move faster than the front

because a concentration gradient of the second

solvent Is established in the column, favouring

the desorption process of the small amounts of

solute 'tailing' behind. (William, 1954).

There have been many applications of this

device/
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device, which lias received the name of 'gradient

elution chromatography', to the separation of

biological mixtures* The manner in which the

second solvent is added to the first in the

mixing chamber is a matter that deservejj consider¬

ation, Three principal ways of doing it can be

found in the literature:

i) Using a mixing chamber from which the solvent

mixture goes to the chromatographic column at

the same rate with which the second solvent -

with greater eluting power - enters the mixing

chamber from a reservoir (Williams, 1952).

ii) Using a dispositive which permits the rate of

Inflow of the second solvent into the mixing

chamber to be independent from the rat© of out¬

flow of the solvent mixture (lakshmanan and

Lieberman, 1953).

iii. Using two different reservoirs containing trie

solvents and both connected between them and

to the column. The reservoirs are shaped in

such fashion that the proportion of each

solvent in the mixture is a function of this

shape when the level of liquids in the

reservoirs descends by gravitational force or

after application of pressure (Bock and Ling,

1954).
The/
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Ths least satisfactory of these three

methods i.3 the first; the second allows a great

flexibility and is to be preferred for research

purposes; the third entails some preliminary

work until a satisfactory design for the reservoirs

is found, but has the great advantage of giving the

sane pattern of composition with maximum repro¬

ducibility, and can be very useful in routine work.

These three techniques have been applied to

the separation of corticosteroids. Heftmann and

Johnson (1954) have published a procedure for the

separation of adrenocortical steroids on columns

of wet 3ilieic acid, employing a gradient of the

first type with petroleum ether and dichloro-

methane as solvents, after saturation with water.

Lakshmanan and Liebarman (1954) have used the

second method, using an alumina column,and benzene

and dilute solutions of ethanol in benzene as

solvents. Furthermore, they presented the more

complete study published so far on the theoretical

and analytical aspects of gradient elutlon

chromatography. Finally, Morris and Williams

(1955) have used the third device to separate

blood corticoids on partition columns, the

supporting phase being Hyflo-Supercel holding

ethylene glyeol as stationary phase. The mobile

phase/
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phase was a mixture of 25}' (v/v) light petroleum

(B.P, 80-100°) in toluene progressively richer in

pure ethylene dichloride. The shape of the con¬

centration curve for this solvent In the eluont

mixture is determined exclusively by the design

of the apparatus and can be determined by measure¬

ment of the toluene content of the fractions by

its ultraviolet absorption at 269

The shape of the concentration gradient can

be calculated if the initial volume of the solvent

in the mixing chamber and the rates of inflow and

outflow are known. We shall present in some

detail the deduction of a formula similar to that

of hakshmanan and Lieborrnan (1954) but more

general.

Let us adopt the following symbols:

£ — Concentration (v/v) of solvent £ in the mixing
chamber.

k = Concentration (v/v) of solvent P in the mixture,
contained in the reservoir, wKioh is added to
the mixing chamber.

Vo » Initial volume of solvents in the mixing
chamber.

A ss Hate of flow from the reservoir into the
mixing chamber.

B » Rate of flow from the mixing chamber into the
column.

a as Vo/A.

k /
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(A-B)/A ss 1 - B/A.
Initial concentration (v/v) of solvent £ in

the mixing chamber.

Time,

The solvent with more powerful ©luting
properties.

The solvent with small elating power.

The mixing chamber may contain pure solvent

£| and the reservoir pur© £ at the beginning of the

experiment or mixtures of P and Q may be placed in
both containers provided that k >Co.

If 2, is the partial volume of P in the

mixing chamber at a given moment and v is the total

volume of the mixture P + £ In the mixing chamber
at this moment, It follows that;

0 = y/v (1)

After an infinitesimal lapse of time dt, the
concentration will have increased by dG, Thus;

C + dC = (y + Akdt - BCdt)/jv + (A-a)dt] (2)

Subtracting (1) from (2)

&C = (k - C)Adt/ [v + (A - B)dfcj <3)
Also,

V + (A - B)dt = Vo + (A «m B)t (4)

Substituting thl3 value in equation (3),

dividing numerator and den ominator of the fraction

by/

J2 K

Co =

t »

P «

Q =



-39-

and tag moo of tho oomvontlans givon

abovo,

-4rO-J_ST- <T (S)

Thm Integration of this differential

givm i
® |k log<a ♦ &t) * K (&!)

Hi wtiidh, £ Is a mmbmnb Wlm&m value mn
be obtained £Ml (d) lilm £ m #f

& » -Xog{fc * Co)sr//k (?)

Substituting tljo mlas of £ in <C),
OTiw at?

*A
1' - c C <k - Co) ' a-f ^ (a>

&nd finally,

r

0 « S
, \iA j / \iA

1 ~(r+-m ! + 0o!r+^) <9>
liquation (9) ofcows ho# £ is a function of £*

Hi® first derivative of tills aquation with

rasps®t to tirao will give us the value of tins

eXuamfc oonasnferafcion gradient, do/&b» and the
esoond derivative will be the OKpreealon of the

variation of this oonoentration gradient with

tiras/



-40-

tixmt i»a. whether fcha mmmntmtlm gradient

decreases, Increases or* remits® the ear* Mtroa^iout

bine ©asperlmanfc. It will also allow m to pmitot
tli© fossa of tho ooiws^ors&iaii t© ftvrxila (9|»j

„ ' •„^L; »

fisa#© oomt^mmt%mm mm fcjportartt, for

Lakaltaauan ami Liebermn (1954) have shown that

tlia hmt result* are obtained la gpsdleat elution

©l^ornatoi^ap!^' when the ooncantmtioa gradient

Increases cwmtliwamal^, condition flilfllled «un

the second derivative is fpiiit&P** tli© concen¬

tration curw thus feeing concave upwards..

ftis© first derimbire is:

1/h / lA-f 1 (10)
dC/dt » ft a (k - Co)a y (a + bfc)

Only If g* la positive tesmmi will be a

poslfel*m concentration ©wSlflat, i,©>, a continuous

Increase In the oomontmtim of the solvent £ la
Mia ntxtag ©haix&esp* This happen* iM k >0o and

Vo/t > B - A.

lis® second derivative 1*1

X/b / 1/b + 2
m*/at m C" « (C© - k)(b * i)a /(a + bts)

'j3i» following three oases my ©court

§§ b «1| this happens if B > 0Af then 0® > 9
I) b » 0 j this happens If 8 © 2Af then 0® « 0

Hi) te;>«4, I Mile happens if &Af Chen C® ^ 0

Only/

(XI)
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Only In case 1) the concentration gradient,

dC/dt, will increase continuously and the concen¬

tration curve will be concave upwards, as is

sought. In case ii) the concentration curve is

a straight line, i.e., the concentration gradient

remains constant. In case iii) the concentration

gradient will decrease along the experiment and

the concentration curve will be convex upwards.

The general formula (9) becomes simpler in

special cases. If the liquid Initially present

in the mixing chamber is pure Q, (Co - 0), equation

(9) adopts the form:

If, besides, the liquid in the reservoir Is

pure J? (k s= 1), we can writes

If the concentration gradient is constant

(B » 2A), equation (S) becomess

(13)

When k - 1, but Co $ 0, the equation is:

,r 1 l/b
0=1 + (Co - 1)

a ° bt
(14)

G « kt/a + Co(l - t/a) (15)

If/



FIG.3. THEORETICAL GRADIENT ELUTION CURVES.

THE CONCENTRATION(v/v) IS THAT OF THE MORE POLAR SOLVENT ADDED
TO THE MIXING CHAMBER, (seetext).
THE RATE OF WITHDRAWAL^) FROM THE MIXING CHAMBER IS CONSTANT

(r) EFFECT OF VARYING THE INITIAL VOLUME (V9) IN THE MIXING CHAMBER

(H) EFFECT OF VARYING THE RATE OF ADOITION(A) OF SOLVENT TO THE MIXING
CHAMBER

(EI) EFFECT OF VARYING THE INITIAL CONCENTRATION (Co) OF THE MORE POLAR
SOLVENT IN THE MIXING CHAMBER.
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c. = so

- Co - 3Q —" "

_
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If the volume in the nixing chamber remains

constant (B = A), the concentration gradient

constantly decreases, for it is a particular

case of (lii) shown above, and the concentration

curve is of the exponential types

Fig. 3 is a clear demonstration of how the

concentration gradient can be varied by changing

the initial volume in the mixing chamber, the

ratio B/A, or the initial concentration of the

active solvent In the mixing chamber. The effect

of giving k (concentration of the active solvent

in the reservoir) values other than 1 is not

shown in Fig, 3. It Is sufficient to change the

scale of Fig. 3(a) and 3(b) substituting the value

of k (in vol. per cent.) for the top value of 100,

as can be easily deduced from equation (12). This

does not apply to Fi@.3(c) where Co 4 0, unless

the reduction In scale is the same for k and Co.

The method developed by Lakshmanan and

Liebermati (1954) Is thus of Immense flexibility,

any desired gradient being easily obtained by

changes of one or several of the values, Co. te,

Vo, B, and A.

(16)

The/
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The degree of resolution in gradient

elation chromatography is not necessarily better

for using long columns. The s&rae authors have

shown that there is an optimum height of the

column in order to achieve the best possible

resolution of a group of substances. Among their

other findings, it is worth mentioning that a

moderate degree of moisture in the alumina gives

better resolution, especially of the weakly

adsorbed solutes. The reproducibility of the

results is secured by equilibrating the alumina

with an atmosphere of constant humidity supplied

by a saturated solution of NaBr.2H30. Similar

faets have been reported by Wolfrom, Thompson,

Galkowski and Qulnn (1952) about magnesium

silicate.

Gradient elution has been used in this work

with both partition and adsorption columns. The

automatic fraction cutter available to ua was

unfortunately very inaccurate, and so this

advantage of gradient elution chromatography -

the automatic operation - was lost. It was

decided to obtain the gradient by manual operation.

The column was fed with small volumes taken from

a flask to which the more polar or active solvent

was/
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was added. For instance, for each 10 ml. taken

from the flask onto the column, 2 ml. of polar

solvent were pipetted, into the flask and the

contents mixed by rotation. it 3hould be noted

that this procedure is, properly speaking, a
•

stepwise method of increasing the concentration

in the eluting mixture, although the difference

with the described continuous gradient is

insignificant provided that the volume of the

fractions into which the eluate is divided is not

greater than that placed at each step on top of the

column.

The experimental details about the operation
'

of these columns will be given later. It will now
'

be sufficient to add that the partition method

was that of Haines and Earnemaat (1954) and the

adsorption method that of lakshmanan and Lieberman

(1954) but for the adoption of magnesium silicate

instead of alumina. The magnesium silicate

(B«D.H. magnesium trisilicate for chromatographic

purposes) was moderately activated by leaving it

overnight in an oven at 110°C.

y' i y>. , „ '■! .; i , • . : j , :

Chemical/
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Chemical Methods of Fractionation

Girard Separation

In the search for suitable reagents for the

ketonic compounds existing in natural mixtures,

Girard and Sandulesco (1936) found that the

hydrazldes of quaternary ammonium derivatives
acid

react easily In^medium with ketones and aldehydes
giving the corresponding hydrazones, which are

very soluble in water. Aldehydes form very

stable hydrazones, from which the original com¬

pounds cannot be regenerated even by strong mineral

acid hydrolysis at the boiling point. The hydra-

zones obtained from the ketones are on the contrary

easily cleaved at room temperature by dilute acids.

In outline, their method consisted In refluxlng

for 30-60 min. the hydrazide (Heagent T) and the

crude material dissolved in ethanol acidified with

acetic acid; cooling and partially neutralizing

to prevent spontaneous hydrolysis of the hydrazones;

removal of the non-ketonic material by extraction

with an organic solvent; acidification to split

the hydrazones; and extraction to recover the

separated ketones. The procedure proved to be

useful In the commercial preparation of oestrone,

Trie/
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The natucra of other chemical groups la the

neighbourhood of the carbonyl group modifies the

reactivity of the compound with the hydrazide and

the facility with which the cleavage of the

resultant hydrazone can be achieved. Reiclistein

(1936) made us© of this property In a method of

fractionation which he applied successfully to

the resolution of adrenocortical ketosteroids.

Sprechlar (1950) has reviewed some of the

modifications introduced in the Girard separation

by different workers and has studied experi¬

mentally the various steps in it. His results

confirm that the hydrazone formation proceeds

with excellent yields by leaving the reaction

mixture overnight at room temperature, and that

quantitative hydrolysis is ensured acidifying at

pH ^ust below.1.0 and extracting two hours later.

The procedure followed as a routine in this

work is very similar to one used by Schneider

(1950) for the isolation of adrenocortical

compounds from human urine and is given as a

flow-sheet in Fig. 4* For more than 10 mg. of

ketosteroids the amount of the reagents should be

increased proportionately.

Digitonln/



Fir. 4. Girard Separation

1. Dissolve the crude fraction containing no more than 10 mg.
of ketosteroids in 1 ml. of 50$ (v/v) acetic acid in 90$
(v/v) aqueous methanol. Add 100 mg. of Girard's reagent
T and warm gently if necessary until complete solution.
Leave the reaction mixture overnight at room temperature,

2. In the morning, add small pieces of ice and 10 ml. of ice-
cold water. Transfer to a 50 ml. separating funnel. Add
3 ml. of ice-cold 2.5 N-NaOH, The flask is washed with
10 ml. of ice-cold water which are also transferred to
the funnel.

3. Extract eight times with 10 ml. of ice-cold chloroform,
allowing the separation of the two phases to take place
each time. Combine the chloroform extracts.

AQUEOUS PHASE

I
4. Add 2 ml. of conc. HC1

and extract immediately
with 10 ml. of chloro¬
form. Seven more ex¬
tractions with 10 ml.
portions of chloroform
are carried out in the
course of two hours.

5. Wash the combined
chloroform extracts
once with 15 ml. of
0.25 N-NaaC03 and
three times with
15 ml. of water.

X
X

Water phase
discarded

Washings
discarded

Chloroform extract
dried over anhydrous

Chloroform extracts com¬

bined and washed as in (5).
The dry residue is the
ketonlc fraction. residue is the non¬

ketotic fraction.

NaaS04 and evapor¬
ated under reduced
pressure, The
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of ketosteroids the amount of the reagents should

be increased proportionately.

Digitonin Precipitation

Moat 3p-hycLroxysteroids present the

property of precipitating the steroid sapogenin

digitonin in alcoholic solutions. The complex

thus formed is called a digitonide and can be

split by warm pyridine, whereupon the steroid can

be recovered by ether extraction, Sxtensive use

has been made of this property In steroid chemistry

for the fractionation of mixtures and the structural

analysis of unknown compounds (Fieser and Fiesar,

1949), The precipitation however is not

absolutely specific, ana some 3p-hydroxysterolds

fail to form insoluble digitonides or may possibly

not form digitonides at all. Conversely, quite a

few compounds which are not 3p~hydroxysteroids,

Including non-steroidal substances, precipitate

with digitonin, Haslam and Klyne (1953) have

been able to enunciate some helpful generalisations.

Those 3p~hydroxysteroids of the 5a-series (allo-

pragnane and androstane) and of the ^-unsaturated
series form insoluble digitonides in much higher

dilution than the corresponding steroids of the

5P /
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5p-series (pregnane and etiocholane). Olefinic

linkages at C-5, 6-7, C-8, or C-14 do not

influence digltonln precipltabillty, except for
5 5

A-androsfcen-3{3-ol and some of the A -pregnane-

3,20-diols. A ketonlc group at 0-17 or C-20

seems to reduce the pracipitability, Hydroxyl

groups In these positions are much more affective

in this reduction.

In spite of these limitations the reaction

Is very useful. The procedure followed in the

course of this work corresponds in general lines

with that of Butt, Henly and Morris (1948). The

main steps are the formation of the digitonide,

its precipitation, the removal of the non-precipi¬

tated material ('alpha' fraction), the cleavage

of the digitonide by pyridine, and the extraction

of the so-called 'beta' fraction by ether. It is

possible that some 3p~hydroxysteroids form soluble

digitonides which are removed In the a-fraetion

by the ether added to the alcoholic medium. To

recover them in the p-fraction the alcohol was

removed by evaporation in vacuo after the formation

of the digitonide. This modified procedure is

described In Pig, 5. Valuable suggestions to the

origins? procedure have been made by Haslam and
Klyne (1952).



Pip;. 5, Digitonide Formation

1.

2.

The material, containing no more than 0.5 mg. of 5p-
hydroxysteroids, is transferred to a graduated glass-
stoppered centrifuge tube and dried. Add 0.75 ml. of
a 1% digitonin solution in 90$ aqueous ethanol warmed
at 37°C. Pit a mlcrocondenser to the tube and reflux
gently for 50 min. The solvent is removed carefully
under reduced pressure.

10 ml. of ether are added and the dry residue dis¬
persed with the aid of a thin glass rod. Centrifuge
for 5 min, at 2000 r.p.m. Decant the supernatant
into a 50 ml. separating funnel. Repeat this step
with three 5 ml. portions of ether.

4.

SOLID R3SIDU3

The residue is dissol¬
ved in 0.25 ml. of
pyridine, warmed to
60°C. for 3 min.,
cooled and 5 ml. of
ether are added with
stirring. Centrifuge,
decant the super¬
natant into another
30 ml. funnel and re¬

peat. The residue Is
further washed with
3 x 5 ml. of ether.

SUPERNATANT AND
WASHINGS

I
3. Wash the combined ether

supernatants three times
with 5 ml. portions of
dist. water. Dry with
a pinch of anhydrous
sodium sulphate and
evaporate. The residue
is the .

>r

a-Praction

5. The combined ether supernatants are washed twice with
5 ml, portions of 2N-sulphuric acid and three times
with 5 ml. portions of dist. water. Dry with a
pinch of anhydrous sodium sulphate and evaporate.
The residue Is the ,

6-Praction
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ffiSTHOPS OP ANALYSIS

Spectral Analysis

Nearly all papers published In recent years

dealing with studies on steroid metabolism report

the use of one form of spectral analysis or another.

It is not difficult to understand why this is so.

Spectral analysis requires only small amounts of

the substance which is investigated and very often

it can be recovered for further analytical tests.

The course of a metabolic reaction involving

steroids can be easily followed when some of the

products have a grouping with a characteristic

spectral absorption, Dorfman (1953) has published

an excellent review concerned with the ultraviolet

absorption of nearly all steroids prepared or

Isolated up to 1951,

Zaffaroni (1950) developed a method of

identification of the steroid hormones based

on the determination of the absorption spectra of

the coloured products resulting from the reaction

between concentrated sulphuric acid and the steroids

at room temperature. Certain generalizations seem
4

possible. For instance, /i -3-ketosterolds yield

products with strong absorption at 260-290

steroids/
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steroids lacking hydroxy1 groups usually present

general absorption within the region examined,

220-600 nyx . Stereoisomers have very similar
spectra differing only in the relative Intensity

of absorption of their maxima; the free steroids

and their acetates produce identical spectra, as

far as structural analysis is concerned (Zaffaroni,

1955). Bernstein and Lenhard (1953) have made a

systematic study of the spectra of 220 steroids

in concentrated sulphuric acid. They found that

for all practical purposes Beer's Law is obeyed

within the concentration range ( -^40-45/tg./ml.)
examined. Some structural correlations have also

been established by the same workers, Bernstein

and Lenhard (1954); notably that selective

absorption between 220-278 may correspond to

the hydroxyl group, and to a lesser extent, to the

isolated ketonic group. Axelrod (1953a,b) has

also studied the spectra of some steroids in

ordinary sulphuric acid, and in fuming sulphuric

acid (15-16^ of free S0a) as well.

For the sake of completeness, infrared

absorptiometry must be mentioned as capable of

giving very useful information about molecular

structure. It has been employed extensively

and/
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and successfully in recent times in the identifi¬

cation of steroid metabolites (see Jones and

Dobriner, 1949 J Kosenkrantz, 1955).

The ultraviolet spectra described in this

work were measured by means of a Unlearn SF.500

photoelectric quartz spectrophotometer with silica

cells of 1 cm. path. For the determination of

spectra in sulphuric acid the directions given by

Bernstein and Lerthard (1953) were followed. The

time spent in reading a complete spectrum (220-

600 m/*.) was about an hour.

Chemical Reactions;

Oxidation with blue tetrazolium

The tetrazolium salts are water-soluble

compounds, usually colourless, which on reduction

yield red or blue pigments insoluble in water

known as formazans (Rutenburg, Gofstein, and

Seligman, 1950). The oxidation-reduction potential

of many of the tetrazolium salts overlaps those

found in living systems, hence their wide use in

histochemical techniques (Fox and Atkinson, 1950).

Among these compounds, triphenyltetrazolium

chloride (TFTZ, TTC, or TFT) was first used for

the detection of the reducing primary a-ketol

aide/
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side-chain of the adrenocortical hormones and their

metabolites In paper chromatograma {Burton,

Laffaroni and Keutmann, 1951a). Later, Henly

(1952) reported a colorimetric method for the

estimation of corticosteroids using 2-(£»lodo-
phenyl )-3-(g-nttrophenyl )-5-phenyltetrs«olium

chloride, and Mader and Buck (1952) described a

technique employing 'blue tetrazolium* (Bf) whose

composition has been given already. According to

them, C31-r?<2-hydroxy ketollc steroids produce leas

colour than Cai-17-deoxy steroids, and llg-hydroxy-

steroida more than their 11-deoxy homologues.

This clearly indicates that other groups in the

steroid molecule may exert an influence on the

chroncogenicity of an e-ketolic steroid.

In this work, the methods developed by

Chen, Wheeler and tewell (1953) have been followed.

Inese authors confirm that Cai«l*?a-hydroxyateroids

are less ohromogenlc than Csi-17-desoxysteroids

and etate that a,g-unsaturated ketosteroida, as

well ©a steroids with an a-ketol grouping in

positions other than C-20 and C-21, react giving

only 1/10 • 1/20 of the colour intensity corres¬

ponding to primary e-ketols, the time required

for complete reaction being considerably longer.
2affaronl/
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Zsffaroni (1953) has tested ketolle steroids of

the types 17-hydroxy-20-ketone, ll-hydroxy-12-
4

ketone, 2-hydroxy-3-ketone, 2-hydroxy- a-3-
4

ketone and 6-hydroxy- A-3-ketone with TPTZ and

concludes that the reaction seems quite specific

for a primary a-ketol group.

In a spot test on paper, oestradiol-176-

16-one gave a strong and immediate positive

reaction when sprayed with BT solution, The

intensity of the reaction was approximately

identical with that given by an equal amount of

Heichstein's compound S. Oestriol gave a

negative reaction. Our experiment therefore

indicates that the blue tetr&zolium reaction is

not specific for a primary a-ketol group,

Meyer, Hayano, Lindberg, Gut and Rodgera

(1955) have also quite recently presented evidence

against the supposed specificity of the blue

tetrazolium reaction for primary a-ketols. In

their view, TPl is more specific, although leas
4

sensitive. If BT is used, 6a-hydroxy- a -3-

ketosteroids give a retarded reaction with

development of approximately the same intensity

of colour after 19 hours as that given by desoxy-

corticosterone/
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corticosterone after 20 minutes. Even more

4
interesting, 19-hydroxy- A-androstene-3,17-dione

developed in 45 minutes 60$ of the intensity

corresponding to the standard mentioned. Both

types of compounds gave, on paper chromatograms, a

retarded positive reaction with BT (4 min.) but

did not react with TFT at the same concentrations.

It is then with these reservations in mind

about the specificity of the method of Chen e_t al.

(1S53) that our quantitative estimations of a-

ketolic steroids have to be interpreted.

Formaldehyde Estimations

The oxidation of Car-steroids with either

a ketolic (CHa0H-C0-) or a glycolic (CH2OH-CHOH-)

side-chain by periodic acid causes the liberation

of one equivalent of formaldehyde (Ileser, Fieser

and Lieberman, 1944) which can be estimated by

means of a colour reaction with chromotropic

acid (MacFadyen, 1945), in the reaction mixture

itself (Lowenstein, Corcoran and Fage, 1946) or

after being distilled from interfering chromogens

(Daughaday, Jaffe and Williams, 1948).

The methods estimating formaldehyde pro¬

duced by treating urine extracts with periodic

acid/
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acid may be as unspecifie as those measuring

the reducing properties, if not more. What

renders them useful is the previous purification

of the extracts, ana the empirical correlation

found between values of 'corticosteroid-like1

material excreted in urine, as determined by

these methods, and certain physiological and

pathological situations, such as administration

of adrenocortical hormones or ACTH, and different

endocrine diseases, in which the adrenocortical

function is known to be depressed or exalted.

Ihe lack of specificity should nevertheless

be borne in mind when interpreting results so

obtained, particularly since substances which

retain formaldehyde are present in urine extracts

(f&terson and M&rrian, 1953s), Th® method

outlined by the last mentioned authors has been

adhered to in the course of this work.

Other Chemical Reactions

The oxidation of C2i-17-hydroxysteroids

with sodium bismuthate yields 17-ketosteroids if

there is an oxygen atom at C-20, except in trie

case of 20-methyl-20~ketosteroida (Brooks and

Norymberski, 1952), and constitutes a useful

procedure/
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procedure to characterize the corticosteroid side-

chain, in combination with other test3. The 17-

ketosteroids formed can be measured by the well

known Eimmermann reaction (Callow, Callow and

Emmons, 1958).

At a certain stage in thi3 work it

became necessary to know whether a substance

elated from paper chromatograms was a 5j3-hydroxy-

^-steroid or not. For this purpose a micro-

method adapted from the procedure of Oppenauer

(1941) for the oxidation of cholesterol to

cholestenone was designed.

Other chemical tests occasionally used

will be mentioned later in the description of

the experiments.

RESULTS /
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Study of 'Boiled Urine' Extracts by Means

of paper Chromatography

Preliminary Experiments

To explore the possibilities offered by

paper chromatography in the study of the urinary

corticosteroids a pilot experiment was set up,

after having acquired some experience of Bush's

technique (Bush, 1952) with pure steroids.

A 24 hr. sample of male urine was adjusted

at pH 7.0 with 1 N-JiaOH and made up to 2 litres

with water# It was then extracted twice with

1.5 vol. of chloroform and trie combined chloroform

extracts washed twice with 0,2 vol. of NaHCCfc

and twice with 0.2 vol. of distilled water. After

drying with 2% (w/v) of anhydrous sodium sulphate

and filtering,the extract was evaporated under

reduced pressure on a water bath, the residue

constituting the 'unboiled urine' fraction. The

extracted urine was boiled for 50 min., cooled

and re-extracted in the same fashion to obtain

the/
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th© 'boiled urine* fraction. One-fifth of each

fraction was transferred to a small test tub© and

dissolved in 0.1 ml. of methanol.

Bush's system Bg was prepared in advance
following hia directions, The tank was placed

in an incubator at 37°G. Whatman no.4 paper

was used in sheets of 14 x 48 em. drawing the

starting line at 10 cm. from one of the edges.

Two duplicate sheets were run and in each sheet

three lanes were drawn perpendicular to the

starting line. By repeated applications 0.025 ml.

of each fraction were put on the starting line by

means of an opsonic pipette with the tip drawn

out. As standards, 50^g. of Cortisol and 50y**g.
of Reichstein's compound S were applied to the

paper.

The chromatograms were left to equilibrate

overnight inside the tank. The development took

about 200 min. The uneven temperature at the

back and front walls of the tank caused an uneven

development. In the sheet situated at the back

the solvent front was 18.5 cm, from, the starting

line and the R™ values for compounds P and S were

0.48 and 0.85 respectively. The front of the

tank/
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tank was at a lower temperature than the back,

and the sheet thus pieced had the solvent front

28.5 cm. from the starting line, with Rj. values
for compounds F and S of 0.33 and 0,84 respectively.

In spite of these technical imperfections the

resolutions were sat-isfeetory. The examination

of the papers in the ultraviolet light of a

Hanovia lamp revealed an array of blue, green,

yellow and purple fluorescing spots in both the

'unboiled' and the 'boiled urine' extracts. After

spraying with triphenyl tatrazolium. chloride in

aqueous mathanolic soda (de Courcy, Bush, Gray

and Lunnon, 1953), trie familiar spots correspond¬

ing to tetrahydrocortiaone, Cortisol, and corti¬

sone were detected in the 'unboiled urine' extract.

Other two faint spots TPT2 positive, but not

giving the yellow fluorescence at the ultraviolet

examination, were present as well. In the

'boiled urine' extract two reducing spots

slightly more 'polar' than compound S were clearly

visible. None of them gave Bush's reaction for

a,P-unsaturated ketones.

Another chromatogram of the same urine was

run in Bush's system at 37°C. The existence

of/
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of a very strong TPTZ positive spot running

slightly faster than compound S was confirmed and

three other faint reducing spots were seen. The

discrepancy in the position of the most important

spot in both chromatograms - slower than compound

S in B5 and faster in - called for further
investigation. In this second experiment the

Rj values for compound S, DOC and the main spot
were respectively 0.34, 0.81 and 0.45.

A second sample of urine was submitted

twice to the extraction procedure outlined pre¬

viously and then boiled for 30 min. and extracted

again. Three fractions were thus obtained: Uj
and (two extractions before boiling) and B

(extraction after boiling). The chromiatograms

of one-fifth of each extract run at 18°C. in

Bush's system B^ revealed the usual spots in U^?
there was a faint reducing spot with Rj, « 0.07
in XI2 ; in B (the boiled urine extract) two

reducing spots were seen. None of them gave

yellow fluorescence in Bush's test with methanolic

soda. One of them was weak and had an R^ * 0.14;
the other was very strong, its being 0.25. The

corresponding values for the standards, compound

S and DOC were 0.16 and 0.67 respectively. The

result/
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result of a similar chromatogrs® in Bush's system

Bg was disappointing for no reducing spot could
be seen in the boiled urine extract.

Certain technical difficulties become

apparent at tais stage. In the 11 rat place, the

spots on the starting line spread considerably

during the equilibrium time. Secondly, the

relative inser.altlvity of the 1*12 reaction made it

necessary to use rather large volumes of urine

extracts, the impurities of which were an important
factor not only in the spreading just mentioned

but also in the appearance of atypical reddish

colours with fflZ at the starting line and the

solvent front, hampering the interpretation of

the zones of the ehromatograia with Rj « 0.00-0.20
and 0.80-1.00. thirdly, the development of the

ehromatograa took place in a short time, about 2

hours, using Whatman no, 4 paper, which might

have been insufficient for adequate distribution
*

of the substances between the stationary and the

mobile phase. All these factors added up to give

inconsistent results, poor resolutions and too

large spots,

lo obviate these difficulties several

measures were taken. Blue tetrazolium (m)

became/



-62-

became available to us and was used in aqueous

alkaline solution instead of TPTZ, with a consider¬

able gain in sensitivity which reduced the aliquot

of the urine extract that had to be chromatographed.

A very slow paper, Wtatman no. 42 was substituted

for no. 4, and the temperature chosen for the
j

chromatographic procedure was 18 i;20C. Consistent

figures for the Rp values of standard steroids were
obtained using a modified Bush's system B6, in

which the concentration of methanol was increased

to 70^, and Bush's system Ba« These two systems,

working at 18°, give similar results, as far as

Rp values are concerned, as systems Bs (unmodified)
and Ba working at 34°C. Table 4 presents Hp
values for some steroids in several systems. As

reported by Bush (1952), compounds B and S cannot

be separated, but no difficulty was experienced in

resolving a mixture of compounds S and A. The

time for the development to take place was about

6 hours for the modified Bush's Bs and about 4

hours for Bush's B», the solvent front being at

about 30 cm, from the starting line when the

sheets were removed from the tanks at the end of

these periods. With 10of steroid the

resulting/
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Table 4, R_ values of some adrenocortical steroids
chromatSgraphed at 18°C. on Whatman no.42,
Data from Bush (1952) at 34°C» are Included
for comparison.

Systems Compounds
B B DOC

Bush
(1952)

System Bs

System Bx

0,32

0.03

0.50

0.05

0,85

0.23

0,87

0.27

0,96

p.36

1.00

0.86

Benzene/
70$
Methanol
at 1S°C,

Wo.of
expta.

Range

Mean

18

0.17-
0,24

0.20

17

0.34-
0.41

0.38

18

0.60.
0.72

0.66

Bush* s

system
Ba at
18°C.

No, of
expts,

Range

Mean

-*•
0 .34—
0.36

0.35

28

0.26-
0.38

0.32

9

0,46-
0.54

0.49

23

0.80-
0.89

0.85

^ The corresponding R values for compound
S in these two chromatograms were 0,36
and 0,38, Therefore compound B la
slightly more 'polar' than compound S,
and not less, as might be inferred from a
comparison of the averages in the Table.
In neither of the two chromatograms was a
mixture of compounds S and B resolved.



resulting spot had a size of the order of 2 cm.

In length by 1,5 cm, in width. Finally the

urine extracts ware purified by means of the hexane/
aqueous methanol partition described in the pre¬

ceding section with a considerable improvement on

the initial spreading of the spots.

These standard conditions were observed

throughout the rest of this work, together with

the procedures for detection already described.

Studies on the Urinary Excretion of Cortlcolds
bv normal Men

When the chromatographic procedure was

standardized, It became necessary to study a

series of normal male urines in order to confirm

the findings of the pilot experiments, namely,

the existence of a considerable amount of 3T~

positive material in the 'boiled urine' extracts

concentrated in the main in a zone corresponding

to compound S, This study was, of course,

indispensable before any serious attempt to

isolate and identify the substance(s) responsible

for the BT reaction could be undertaken.

Six healthy male members of the Depart-
'4

mental staff were the donors. The 24 hr. stoajr

collected/
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were
collected without preservatives, adjusted to pS
7,0 immediately after the arrival at the laboratory

After one extraction with 2 vol, of chloroform the

extracted urine was boiled for 50 min, and re-

extracted with another 2 vol, of chloroform. The

first chloroform extract was the 'unboiled urine'

extract, the second was the 'boiled urine* extract.

The first should contain the corticoids eliminated

as the free compounds. The second should have

corticoids excreted as conjugates partly or

totally hydrolysable by boiling. It should be

emphasized, however, that some degree of hydrolysis

due to bacterial contamination may be responsible

for the presence of a small part of the cortico¬

steroids In the first extract, while in the second

extract there amy be small amounts of free corti¬

coids due to incompleteness of the first extraction

Both extracts were separately washed twice

with one-fifth of their volume of 0.1 N-KaOB and

twice with one fifth vol. of water, dried with 2%

(w/v) of anhydrous sodium sulphate, filtered, and

evaporated under reduced pressure on a water bath.

These crude residues were purified by a partition

between hexane and 70$ aqueous methanol, as

described in the chapter on 'Methods'• One-

fourth/
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fourth. of each extract was used to determine the

formaldehyde liberated by periodic acid oxidation

(Paterson and Marrian, 1953a). The remaining

three-fourths of each extract were dissolved in

0.3 ml, of methanol.

Pour chromatographic sheets were set up,

Bach contained 60/<1. of the two extracts and,
in a central spot, the standards P, S, S, A and

DOC in amounts ranging from 5-SO^g. Two of
the papers were run in system Ba and the other two

in the system benzene-70/ aqueous methanol, and

then examined in the ultraviolet light and any

fluorescent spot - specially yellow - marked with

pencil. Of the two papers run in each solvent

system, one was sprayed with BT and the other

with methanolic soda (Bush, 1952),

The results are diagrammatically represented

in Pigs, 6-9. In these figures, the strips 1 to

6 correspond to six normal subjects, whereas 7 and

8 belong to a female patient before and after

ACTH administration and will be discussed later.

The only strong BT-reducing spots in the

unboiled urine that were regularly present

occupied positions in the chroraatograms consistent

with the tentative identification as Cortisol

and/
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and cortisone. The resolution of this material

was not satisfactory using Bush's system Bg> because

of its great 'polarity* (Fig. 6). In the other

system (Fig. 7) the material was distributed in

three major spots: two of them also gave a

positive test with Bush's reagent - Cortisol and

cortisone - while the proximity of the third to

the origin (% about 0.10), in a zone loaded with

pigments, made it difficult to decide in each

particular chromstogram whether the yellow

fluorescent spots observed after spraying were

the same as those BT-reducing spots observed in

the duplicate chromatogram, although it is more

likely that they were not. No reducing spots

less 'polar' than compound I were seen with

regularity.

The pattern of the 'boiled urine' extracts
in

was more irregular. In allsix cases there was

a very 'polar' material in varying amounts

remaining at the origin in system Ba (Fig. 8)

and moving with an approximate Rj of 0.08 in the
other. There were also some faint spots with no

regularity at all (see strips 3 and 5, Fig. 8).

The largest proportion of the reducing material

appeared in system fig as a band occupying

approximately/
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approximately the apace between compound S and

compound A, i.e., ftp = 0.25-0.50. The upper

limit of this band always was a little above

the upper limit of compound S spot. Although

the resolution of this band into individual spots

was never complete, a differentiation between a

relatively faint spot slightly more 'polar' than

compound S, and a very strong one rather less

'polar' could be made. The strip representing

the standards has been drawn for each figure

calculating the averages of the ftp values for the
compounds run at the same time a3 the urine

extracts, and the length for each spot represents

the range of Rp values. This explains why in

strip no.2 the spot with an R» » 0,35 appears to

be 1633 'polar' than compound S when in fact

compound S had an ftp of 0.36 in the same chromato-

gram. The resolution of this main band of

reducing material was less regular in the system

benzene*70^ aqueous methanol (Fig. 9),being clear-

cut only in three cases (strips 2, 4 and 6).

It is interesting to compare the results

of the chromatograms with the data obtained from

the formaldehyde determinations presented in

Table 5. Roughly speaking, the 'boiled urine'

extract /
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Table 5. Formaldehyde determinations on 'unboiled'
and 'boiled urine' extracts in six
normal men (/-g. HCHQ/24 hr.).

Case No.
' Ctaboiled'

t i
Boiled

1
.

24.4 26.4

2 28.0 28.0

3 16.8 17.6

4 16.8 16.0

5 10.4 13.6

6 16.0 16.4

Average 19.6 18.7
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extract contains as much formaldehydogenic sub¬

stances (FSS) as the 'unboiled urine' extract.

Furthermore, there is some correlation between

the size and intensity of the reducing spots in

the chromatograms with the amount of formaldehyde

produced.

Strips nos. 7 and 8 show the effect of one

day's ACl'H administration (50 mg. every 6 hours)

upon the elimination of urinary corticosteroids

by a 62 years old female patient with heart dis¬

ease. The control values of FSS for the 'unboiled'

and 'boiled urine1 extracts were 8.4 and S.O ^g.

per 24 hours respectively. After AC1H adminis¬

tration the corresponding values were 58.4 and 44.4

per 24 hours. The ehromstograms obtained

after ACT'H administration revealed a large number

of reducing spots not present in the control urine

or in the normal cases examined. The outstanding

feature, however, is the increase in size and

intensity of the main band above mentioned, whieh

is clearly seen in Fig. 8.

Discussion/
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Discussion

Very little will be said about the pattern

of excretion reflected in the chromatograms of

the 'unboiled urine' extracts. The position of

the two less 'polar' compounds, identical with

that of Cortisol and cortisone, and the positive

Bush's reaction (Bush, 1952) leave no doubt about

their identity, especially since Schneider (1950,

1952) has isolated both compounds from untreated

urine, as well as dihydro- and tetrahydrocortl-

sone. It is likely that the more 'polar' reducing

spot in the chrom&tograme of the 'unboiled urine

is tetrahydrocortisone. Unfortunately the
.i \

standard compound was not then available to us.

De Gourcy, Bush, Gray and Lunnon (1953) detected

only Cortisol and cortisone in the combined

extracts obtained before and immediately after

acidification to pH 1, but they used TPTZ as

reagent,which is unanimously recognized as much

less sensitive than BT, and they applied to the

paper one-tenth to one-quarter of the sample,

while in our case three-twentieths of the 24 hr,

sample has been used consistently.

In the 'boiled urine' extract the

outstanding/
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outstanding finding is the band of reducing

material which spreads from just a little above

compound S to the upper limit of compound A. The

presence of this band cannot be attributed to

incomplete extraction, as was shown by the

preliminary experiment described before. There

are other reducing spots sporadically present,

besides a certain amount of material running

down very little further from the starting line.

Quantitatively speaking, it appears that the main

reducing band constitutes the most important

reducing material liberated by boiling, as far as

can be judged from the visual inspection of the

chromatograms.

The main band consists of two zones

incompletely separated: one slightly more 'polar'

than compound S, hereinafter called Y, and the

other, much larger and more intense, running

between compound S and compound A, hereinafter

called X, The use of these letters does not

imply that each zone contains only one reducing

compound, but only that no further resolution

could be obtained.

The positions of these spots and their

failure/
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fallure to give a positive Bush's reaction

indicate that they cannot be identified with any

of the seven active principles of the adrenal

cortex. From their running properties the

assumption may be made that they have four oxygen

atoms {like compounds S and A) if they are Cg^-a-
ketols. An examination of Table 1 and Fig. 1

discussed in the Introduction reveals that Reich-

stein's substances P, R, N, allotetrahydro-B and

the tetrahydro derivatives of compounds S, B and

A among the known adrenal and urinary cortico¬

steroids have four oxygen atoms and do not give a

positive Bush's reaction. The tetrahydro

derivatives are much more 'polar' than their

unsaturated precursors, and on this ground those

of B and S can confidently be excluded. Reich-

stein's compounds P, R and N have not been

isolated from urine, and since they are present

in ox adrenal extracts in such small amounts, it

is unlikely that they could be excreted in

recognisable quantities. In view of these

considerations it seemed that X and Y might be

urinary cortieoids as yet unidentified. Allo-

tetrahydro-B and tetrahydro-A had not yet been

isolated from urine at the time e£ these

experiments/
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experiments were performed.

An estimation of the amounts of X ♦ Y

can be made from the inspection of the spots com¬

pared with those of the standards. In terms of

reducing steroid, about 0.1 mg. of both Com¬

pounds* is eliminated per 24 hours, The average

value for the formaldehyde liberated by the

Coiled urine* extracts (Table 5) was 18.7 t^g./
.i

24 hours, Expressed in terms of compound S this

figure is equivalent to 216/i-g,/24 hours. Thus,

roughly speaking, half the formaldehydogenic
material liberated by boiling is constituted by X

* 1*
More accurate determinations have been made

by lotherby (unpublished data) in experiments

parallelly conducted in our Department, Some of

his results are Included In Table 0. They also

confirm that ACTH greatly stimulates the elimin¬

ation of FSS in some conjugate form which can be

split by boiling, X and Y are proportionately

increased.

Table 6 /



Table §. Iorm&ldeh^dogenic substances (FSS) and
reducing material present in 'boiled
urine* extracts { i*g,/24 hr.).

Subject X

'

I FSSZ

Normal male 16b,0 20.6 318.0

Normal male 156.0 61.6 332.0

Normal male
' 76.0 • 263.0

Before ACTH 150.0 66,0 277.0
Male

< ACTH 467.0 155.0 1430.0
Patient '

. " '

After ACTH 120.0 78,0 505.0

Before ACTH - *• 402.0
Male ' ' * •' v' '''. -'*'

ACTH 400.0 88.0 249.0?
Patient

< ACTH 366.0 144.0 288.0?

ACTH 320.0 132.0 1108.0

After ACTH
>»

70.0 26,0 83.0

x tSS la expressed in terma of compound S.
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Summary

a) In extracts of urine adjusted at pH 7.0

Cortisol, cortisone, and a more 'polar' com¬

pound, presumably tetrahydroeortisone, have

been detected by means of paper chromato¬

graphic methods which are a modification of

those of Bush (1952).

b) Boiling of neutral urine previously extracted

yields further amounts of formaldehydogenic

substances and the chromatograma of these

extracts show a band of reducing material

incompletely resolved into two zones. One is

small and runs slightly more slowly than com¬

pound S, whereas the larger runs between

compound S and compound A.

c) None of these zones shows yellow fluorescence

when viewed in ultraviolet light after being

sprayed with methanolic soda (Bush's reaction

for a,3-unsaturate& ketones).

d) fhe amount of this reducing material is

estimated to be within the range 0.1-0.2 mg./
24 hours.

e) /
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e) The administration of ACTH results in

approximately a five-fold increase of the

PSS eliminated, as well as in the amount of

reducing material,

f) Certain considerations are made as to the

possible nature of this reducing material,



-78-

Study of 'Boiled Urine1 Extracts by Means of

Countercarrent Distribution

Two experiments are reported here in which

countercurrent methods have been applied to the

study of the reducing material found in 'boiled

urine' extracts. The first was designed as a

pilot experiment to explore the possibilities

that this method of separation could offer for the

isolation of the reducing material in the pure

state. The second was merely intended as a

preliminary purification of this material in order

to be able to apply other methods of isolation and

to study the chemical and physical properties of

the purified fractions.

To measure the amount of reducing material

existing in each fraction the blue tetrazollum

method proposed by Chen, Wheeler and Tewell (1953)

using sodium hydroxide was used. As can be seen

in Fig, 10 the colour developed does not depart

from Beer's Law to any great extent. The use of

calibration curves was regarded as unreliable

because great differences in the optical densities

for a given amount of standard were regularly

obtained. Whenever this method was used known

amounts/
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amounts of Cortisol were run through at the same

time, and results, when not given in optical

density values, represent Cortisol equivalents.

Choice of Solvent System for the Countercurrent
Experiments i

According to Gregory and Craig (1951) the

most favourable conditions for the separation of

two substances by means of countercurrent dis¬

tribution take place when their partition ratios

are reciprocals. These authors also show that the

quality of the separation is a function of what

they call Reparation factor1. This is simply

the ratio of the larger partition ratio to the

smaller. To obtain a given degree of separation,

i.e., a given distance between the maxima corres¬

ponding to two substances in the distribution

curve, it must be remembered that when the

separation factor decreases the number of transfers

has to toe increased accordingly. Calculations

from the formulae given by these authors shows

that two substances having partition ratios of

1.56 and 0.fc>4 can be separated by a 46-transfers

count©rcurrent distribution to the extent of

obtaining each one more than 93# pure, if all the

materiel is recovered.

The/
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Th© zone called X in the previous section

is present between compounds S and A. It may

reasonably be assumed that a solvent system in

which the partition ratios of compound S and com¬

pound A were respectively 1,56 and 0.64 would

provide very favourable conditions for the concen¬

tration of X in the middle of the distribution.

Accordingly, the following experimental

determinations of partition ratios were carried

out. Two ©liquots of about 340//g. of compound
S each were evaporated to dryness in round-bottom

flasks. A system of solvents was prepared before¬

hand equilibrating a mixture (v/v) of methanol,

water, benzene and chloroform in the proportions

80:20:80:20. The upper layer was the methanolic

phase. The dry residues were transferred from

the flasks into small separating funnels with two

portions of 20 mi. of the upper phase and two

portions of 20 ml. of the lower phase, the mixture

was vigorously shaken and the two layers collected

separately, evaporated to dryness, and an aliquot

taken for formaldehyde determination. A partition

ratio of 1,74 (amount in upper layer/ajnount in

lower layer) was the average value obtained from

these/
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thes© two samples,

In another similar experiment the system

methanol, water, benzene and chloroform in the

proportions (v/v) 80:20s85s15 was tried. The

partition ratios for compounds S and A (upper

layer/lower layer) in this system were 1.44 and

0.60 respectively. The experimental data of this

and the preceding experiments ere summarized in

Table 7 Cp*82 ). It must be emphasized that the

recoveries were not always 100$. In the experi¬

ments with the second solvent system the recoveries !
for compound S averaged 75$ and for compound A,

94$. The low recovery for compound S may be due

to some decomposition of the standard solution

used.

The last system was chosen for the two

countercurrent distributions whose description

follows.

First Countercurrent Dlstiibutlon.

Twenty urine specimens of 24 hours each

were extracted before and after boiling as

described in the preceding section. All the crude

'unboiled urine' extracts were pooled together,

and the same was done with the 'boiled urine'

extracts/
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Table 7. Distribution of compounds S and A

in the systems:

I. Methanol, water, benzene and
chloroform (80:20:80:20)

II, Methanol, water, benzene and
chloroform (80:20:85:15)

Phase Compound S (^g,) Compound A(/<g, ]

I <

fUpper
n

206

230.
218

Lower

M

105

145.
125

11 1

Upper
it

3021

282.
222

@4
125

156

Lower

ft

204

202
203

168
211

254
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extrects. These combined extracts were submitted

to the hexune-70% aqueous methanol partition, the

methanolie phase reduced to 1/4 of its volume by

evaporation under reduced pressure, and the remain¬

ing liquid made up to the initial volume with

water. This solution was extracted with ether

and the ether extract washed with small volumes of

N-HC1, N-NaOH and water, dried and evaporated to

dryness* Aliquot® of these residues were taken

in duplicate for formaldehyde determinations. The

experimental data are given in Table 8 (p. 84).

A hand-operated countercurrent apparatus

with 45 glass units of the type described by

Gregory and Craig (1952) was employed. Each unit

held 25 ml. of each phase of the equilibrated

system methanol, water, benzene, and chloroform

(80:20:85:15) in which the aqueous methanol con¬

stitutes the travelling upper layer.

The ether residue was introduced into the

apparatus dissolved in the first 25 ml. of upper

layer. The time to perform 44 transfers was about

5 hours. Due to faulty calibration of the glass

units a small fraction of the upper layer was not

decanted to the next unit, thus reducing the

actual volume of upper layer in equilibrium with

the/
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1'able 8» Fractionation of tha urine extracts
of twenty 24-iiours specimens totalling
27.6 1. for the first countercurrent
distribution.

Fraction mg. mg./24 hr. mg./l.

UNBOILED URINE:

Crude extract
Hexane residue
Ether residue

278.2
36.6
19.5

13.910
1.830
0.975

10.100
1.325
0.705

FSS (as
Compound 3) 3.9 0.195 0.141

BOILED URINE:

Crude extract
Hexane residue
Ether residue

231.1
38.5
51.1

11.550
1.925
2.550

8.370
1.395
1.855

FSS (as
Compound S) 5.4 0.270 0.196

Reducing
material
(as Com¬
pound F)

2.7 0.135 0.098

x Recovered after the distribution.



-85-

th© lower layer in each glass unit. To overcome

this cause of error additional small portions of

upper layer were introduced into the apparatus

at intervals up to a total of 50 ml.

At the end of the distribution the contents

of the glass units were quantitatively transferred

to test tubes with chloroform and methanol and

evaporated to dryness. One-fifth of each fraction

was taken to determine the reducing material by

the blue tetrazolium method. The results of

these determinations are given graphically in

Fig, 11. The total reducing material recovered

from the distribution ammounted to 2.7 mg. in

terms of the standard used, Cortisol.

The individual fractions were pooled in

the form indicated by Fig. 11 to give the com¬

bined fractions a, b, c, d and a, which were

dissolved in 100,6*1. of methanol each? 5, 15,30,

10 and 5/61, of the corresponding solutions were

applied to the starting line of chromatograms

which were run in Bush's system Bg in duplicate.

On© of the chromatograma was sprayed with

methanolic soda with negative results. The other

sheet, containing compounds S and A as standards

showed/



OPTICAL DENSITY. O-IOO 0-080
0060 0-040 0-020-



-86-

showed two reducing zones in fraction a and none

in the others. One of the two zones was very

faint and very 'polar1. The other, rather rove

intense, was a streak beginning a little above
the upper limit of compound S spot and ending

at the middle of compound A spot. Unfortunately

the paper was overrun and no R~ values could be

calculated. Therefore the remainder of

fraction a was dissolved in 0.4 ml. of methanol

and a new chromatogram run in the same system with

compounds B, S and A as standards, using 1/20 of

the solution of fraction &, The Rj values for
the standard were, respectively, 0.35, 0.38 and

0.53, but mixed compounds B and S were not

resolved. No yellow fluorescent spot was detected

in fraction a after Bush's test was applied. The

BT spray revealed an intense band between compounds

S and A (0.39 to 0.57) with a faint tail (0.21-

0.39). Attempts to obtain crystals from

fraction a were unsuccessful.

Second Countercurrent Distribution.

for this second experiment a pool of 300 1.

of male urine was collected. Night urine was not

included. Each day's collection, averaging 6 1.,

was/
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CHC'j,
VII extracted tare© times with.one-third of its

f\

volar®. Any emulsions formed were broken by

centrifugation at 2000 r.p.m. for £ r.in, The

extracted urine was boiled for 50 mio., cooled

end extracted three times with one-third of its

volume. The chloroform extracts obtained before

and after boiling were combined separately and

washed twice with 0,2 vol, of N/10 MaQH and twice

with water, dried with anhydrous sodium sulphate,

filtered and evaporated to dryness under reduced

pressure on a water bath. The dry residues were

transferred to teat tubes and kept in the

refrigerator.

At the end of the collection, all the

individual fractions were pooled together, and the

resultant crude extracts of unboiled and boiled

urine were weighed. Bach extract was then

dissolved in 1000 ml. of ether, the ether solutions

being weaned twice with 125 ml. of H-SC1, twice

with K-$®0H and twice with water and then evapor¬

ated to dryness and weighed. Two aliquots of

each extract representing 1/400 of the total

weight were taken for formaldehyde determinations.

The numerical data corresponding to these

operations/
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operations are included in Table 9 ( p. 89).

The countercurrent distribution was

carried out in twelve 500 ml* separating funnels

each containing 200 ml. of the upper (methanolie)

phase of the system methanol, water, benzene and

chloroform in the proportions (v/v) 80!20:85:15.

The dry residue of the hashed 'boiled urine'

extract was introduced into the first funnel

dissolved in 200 ml. of the lower phase of the

above system. After vigorous shaking the two

layers were allowed to separate, the lower layer

transferred into the next funnel, and 200 ml. of

fresh lower phase poured into the first funnel.

Both funnels were shaken, the lower layers trans¬

ferred one funnel further, and fresh lower layer

added to the first funnel. In this manner, 11

transfers were carried out and 12 fractions of

the 'boiled urine' extract were obtained by

evaporating the contents of each funnel. An

aliquot of 1/25 of each fraction was employed for

the determination of the reducing material by

the method of Chen et al. {1953). The results

are given graphically in Fig. 12. The numerical

data are included in Table 10 (p. 90 ). It is

customary/
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lable 9. Fractionation of the extract of 300 1*
of urine for the second countercurrent
distribution*

Fraction mg. mg./l.

USB01LED URINE:

Crude extract 1761.0 5.870

Washed extract 330.0 1.100

FSS (as compound S) 17*7 0.059

BOILED URINE*.

Crude extract 1357 * 0 4.523

Washed extract 492*0 1.640

FSS (as compound S) 30.4 0.101
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Table 10. Countercurrent distribution of the 'boiled
urine' extract of 500 1. of male urine.
W « height In mg.

BT « Reducing material, as mg. of com¬
pound F.

Fraction BT W BT.100/W
Ho.

0 3.22 25.4 12.7
1 3.90 21.9 17.8
2 3.48 23.5 14.8
3 4.76 26.0 18.3
4 5.55 26.7 20.8
5 3.63 22.3 16.3
6 2.37 21.8 10.9
7 1.93 23.7 8.2
8 1.75 20.3 8.6
9 1.52 22.6 6.7

10 2.00 30.8 6.5
11 1.45 188.4 0.8

Total 35.56 453.4 7.8



customary and convenient to designate the first

unit, when plotting a distribution curve, as 0,

Fractions 1-8 were combined together for

further experiments to be described in the

following section.

Discussion.

Ho similar data sr© available in the

literature on the fractionation of 'boiled urine'

extracts, Therefore, our discussion will be

restricted to an evaluation of the results of

both distribution experiments in themselves and

compared with the results obtained by means of

paper chromatography.

First of all, it will be seen that in both

experiments the bulk of the reducing material

containing the substance(s) which we have

designated as X is concentrated at the left of

the distributions, and not in the middle ss

expected, from the partition ratios for compounds

S and A. As Gregory and Craig (19S1) have

stated, the position of the peak of s pure

substance in a distribution is much more accurate

a measure of Its partition ratio than any

determination based on a single partition. Thus,

it/
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lt may ¥.©11 be that the error in the determination

of the partition ratios foi compound S and A was

considerable, on the other hand, the faulty

calibration of the glass units may nave had some

effect in the displacement of the peak towards the

left In the case of the first distribution.

The results of the first distribution are

comparable to those obtained by means of paper

chromatography because the way in which the

urine extracts were obtained were very much the

same. An inspection of fables 5 and 8 reveals

that the average of the formaldehyde determinations

in the extracts submitted to paper chromatography

agrees quite well with the corresponding values

in the pool fractionated by countercurrent dis¬

tribution. the ether residue of the 'unboiled

urine1 extract in this pool contained 0.195 mg./

24 hr, of fcSS, expressed as compound S,or 17.0 «.g,/
24 hours of formaldehyde liberated after periodic

acid oxidation, the corresponding average for the

six urines in the paper chromatography studies was

19.6 .ug,/24 hours. Similarly, the 'boiled urine'

extract in the pool had an amount of fSS equivalent

to 0,270 mg, of compound S per 24 hours, or 23,5

,-tg./24 hours of formaldehyde, which is consistent

with 18.7yttg./24 hours, the average found for the
paper/
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paper chromatography series.

The fact that the urine for the second dis¬

tribution was not collected as 24 hour specimens f

but only during the day, and the different treat¬

ment it received for the extraction and purifi¬

cation, preclude proper comparison with either the

urine pool for the first distribution or the paper

chromatography series. It can be seen from an

inspection of fables 8 and 9 that the amount of

HS3 in the 'boiled urine' extract (in mg./l.) of

the second pool is about half that of the first.

This is undoubtedly due to the larger diuresis

during the day which outweighs trie effect of the

greater excretion of I S3 during the daytime than

at night.

The distribution curves permit the calcul¬

ation of partition ratios from tne position that

the peaks occupy in them. It is also possible to

calculate the amount of material giving a peak

from its central value. In both cases the

assumption is made that the peak or peaks correspond

to pure substance(a}. For practical purposes we

may take the peak with a maximum in fraction no,14

in Fig. 11, and the peak with maximum in fraction

no./
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iio. 4 In Fig. 12 as due to only a substance, X.

As a matter offset the examination by paper

chromatography of these fractions did confirm that

the major reducing material present in them was

X, although other faint spots could be seen as

well.

The partition ratio of X in the first

distribution can be calculated by means of the

formulae developed by Williamson and Craig (1947):

K « Tr/F.Tr-l (16)

K 53 F'Tr+l/l* (!•?)

in which K a partition ratio, l'r a the amount of
substance in tube no. r of the distribution,

Tr-1 and the values for the adjacent tubes
to r, and F » (n + 1 - r)/r ; (18)

F'a (r + 1)/(n - r) (19)

where n is the number of transfers of the

distribution.

Applying these formulae to the data

represented in Fig, 11, and taking_r » 14, the

two values of_E_for X agree within ± 0.008, and

the average is 0.472.

V«e/
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f© can now substitute this value in the

following equation, derived from that given by

Gregory and Craig (1©51)s

Q « yQ\/2T7n^(K ♦ l)2 (20)

where Q Is the total amount of the reducing material

with e maximum in tube no, 14j y0 is the amount of
reducing material In this tube; a « 44, and K »

0.472, Th© optical density for one-fifth of the

contents of tub© no. 14 was 0,093, equivalent to

33,2 *vg» in terms of the standard used, as 25 /;g,

of compound f gave an 0,0, *» 0.070, The value for

y0 in equation (20) will then be lab,v-g., and Q«
1290 ^g.

This value is about half the total amount

of reducing material recovered from th© distri¬

bution (see Table 8) and means a dally excretion

of X equal to §4,5 <*g., or 4§.7/ig./l. This

value is lower than that obtained by I otherby (see

Table §), and than our own estimates from visual

comparison of the sis© and intensity of th® spots

in previous chromatograms with those of known

amount of standards, The explanation may lie

on some degree of lability of the substances,

losses during the manifold operations involved in

the/
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the distribution, and differences in reactivity

with BT in the test tub© and on paper. The

theoretical curve fits the experimental data well

enough to permit the elimination of any gross

error in the distribution.

To the peak with a maximum in tube no.4

in the second distribution correspond K values

of 0.583 and 0.466 when formulae (16) and (17)

are applied. It should be rememberWthat a dis¬

tribution curve for such a small number of trans¬

fers does not take the Gaussian form unless the

partition ratio is very close to 1.00, and that

tube no.3 contains material belonging to the

maximum in tube no. 1 (see Fig. 12). Therefore

0.466 seems a better value for the partition ratio

of X, and the agreement with 0.472 obtained in the

first distribution is remarkable.

The amount of X can be calculated from

formula (20) with a result of 21 mg. or 70/ug./l.
which is consistent with the value obtained from

the series of urines submitted to paper chromato¬

graphy^ with Fotherby's results, and not in bad
agreement with 46.7ug./l. obtained in the first

distribution.
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Summary

a) Two countercurrent distributions of 'boiled

urine' extracts from two pools have been

carried out in the system methanol, water,

benzene and chloroform (80:20:85:15).

b) The first distribution, of twenty pooled 24

hr. specimens of male urine with an average of

270AS* FSS/24 hr., was accomplished in

44 transfers, and showed a peak in fraction

no. 14.

c) The paper chromatography of this peak revealed

the presence of X as the major reducing

material in this fraction.

d) The second distribution of 300 1. of daytime

male urine (averaging 101 ^tg, of FSS/l.)
was accomplished in 11 transfers, and showed

a peak in fraction no, 4.

e) Further experiments, to be described in the

next section, revealed the presence of X in

this peak, as the predominant reducing

material in this fraction.

f> /

/
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f) The partition ratio for X in the system of

solvents used was calculated from the first

distribution, and the value, 0.472, was in

agreement with the calculated value from the

second distribution, 0.466,

g) The amount of X in the first pool was calculated

to be 64.5 i-g./24 hr. or 46,7 -g./l. Similar

calculations for the second pool gave 70 ^g«/l.

h) The results are discussed in comparison with

those obtained by means of paper chromatography.

Properties/



-99-

Properties of the Reducing Material Present

In'Boiled Urine' Extracts

This third section is a description of the

results of several tests carried out on the

reducing material - usually after rough purifi¬

cation by paper chromatography - in the hope that

they would provide valuable information regarding

the structure of the compound(s) in question.

Chromatographic Properties

We have already made a distinction between

X and Y in the preceding sections. Most of the

properties to be described here refer to X, the

material giving a strong reducing spot less 'polar1
than compound S and more 'polar' than compound A.

This material could not be separated into different

spots when it was eluted from the paper and re-

chromatographed in the same or other systems. A

difficulty was found in that the substance did not

show absorption when visualized in the ultraviolet

lamp. Therefore, in this type of experiment, two

duplicate chromatograms were always run, one of

them being sprayed with BT to locate the position

of the spots on the other in order to cut them

nut/
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out for elutlon in cold methanol with occasional

shaking for 18 hr.

Sin® a-ketols have bean studied in regard

to their chromatographic properties to see how

near they came to those of X. Compounds F, 8,

B, S, A and DOC have different Rj, values, and
all show a positive Bush's reaction with methsnolle

soda and absorption In the ultraviolet,character¬

istic teats for 2.^-unsaturated ketones, The

other three ketols studied ares pregnsne-3e,21-

diol-11,20-dione (TH-A), A5-pregnene-SP,21-diol-
fi

20-or.e, and zi -pregnene-3g,17«,21-triol-20-on®.

TH-A (Fig, 13b) is slightly mora 'polar1 than

compound S in system*%, their respective Ej.

values being 0.25 and 0.33, while the S| of X
is 0.48 in the same chromatogram. fig. 13a is

a copy of a chromatogram In the same system,
R

where compound S and /^-pregnane-3(3,21-diol-20-

ona era shown to have, respectively, Rj values
of 0.33 and O.08. Finally, /f-pregnen®-3g,17c,21-
triol-20-one has an ia of 0.41 in the system

bentene;70p aqueous methanol, that Is, it is much

more 'polar' than compound S (Ej «= 0.§9) and
compound A (Hj * o.yg) in the same system, as

can/
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can be seen in Fig, 15o, Bon® of thes® nine

a-ketole is thus identifiable with X,

Ultraviolet Absorption Spectra

Two 24 nr. male urine specimens totalling

2,6 1, were extracted, boiled and extracted again

as previously described, She crude 'boiled

urine' extract was partitioned between hexane snd

70$ aqueous methanol, and the methanol-soluble

fraction dissolved in 0,6 ml, of methanol and

applied ©long the starting line of a chromato¬

graphic sheet (Whatman no,42) 13 em, in width,

After chromatography in the system benzenet705

aqueous methanol, two narrow strips were cut out

from the sides to detect trie BT positive bands.

The band moving ©t a rate 0,49-0.59 that of the

solvent front contained a faint spot, presumably

Y. The material in the band moving at a rate

0,59-0,75 that of the solvent front was identified

as X. The corresponding horizontal portions in

the chromstogram were cut out and divided in small

pieces which were left covered by methanol over¬

night.

The solutions were filtered and evaporated.

The/
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The residues were spplied to separate papergrams

7 cm. in width as before and the papers run in

the same solvent system. The detection of the

bands was similarly carried out and the corres¬

ponding portions of the chromatograms cut out and

eluted. In the chromatogram of Y this zone had a

mobility relative to the solvent front of 0.48-

0.63, the corresponding zone for X in the other

chromatogram having a mobility of 0.57-0.72. From

the chromatogram of X a portion of the paper near

the starting line was cut out to be used as blank.

The three eluates were evaporated to dryness,

dissolved in 4 ml. of ethanol and their spectra

read in a Unicam SP.5Q0 as described in 'Methods'.

The material eluted from the papers corresponds

approximately to 70$ of the amount present in the

extracts.

The spectra showed a decrease in optical

density from 220 towards longer wave lengths,

with no maximum. Table 11 (p. 103) records the

optical densities at some wave lengths.

Another 24 hr. specimen of male urine was,

as usual, extracted, boiled and extracted again.

After hexane: 70$ aqueous methanol partition,

two/
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Toble 11. Ultraviolet absorption spectre of X and
1 in eth&nol. (the optical densities
ere corrected for the blank of the
paper).

Wave length, »!/»-, X
•mm 1

22b 1.135 0.535

345 0.683 0.503

355 0.507 0.442

365 0.469 0.307

280 0.428 0.270

300 0.262 0.098

350 0.067 0,011

400 0.028 0,001
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two-flfths of the methanol soluble fraction were

applied to the starting line of a paper and

chromatographed in system Bg with lO^tg. of
compound S as standard. The spot corresponding

to compound S was located by examination of the

chromatogram in the ultraviolet lamp, and X was

detected by spraying a very narrow strip, 4 acn.

in width, cut out from the margin of the chromato¬

gram, The reducing spot had R^ » 0.39 {compound
S, Rj = 0.32). The corresponding zone in the
chromatogram, with a mobility relative to the

solvent front of 0.30-0.48, was cut out. An

equal portion of paper was taken from an uncon¬

taminated region of the ehromatogram to be used

as blank. Both portions were eluted with 25 ml,

of methanol overnight. The solutions were

evaporated to dryness and transferred to test

tubes to which 3 ml. portions of concentrated

sulphuric acid (A.R., sp.gr, 1.84) were added.

The solution of X was read against the blank in a

Unlearn S.500 spectrometer. Curve I of Big. 14

was obtained. There was a maximum at 375 m ,

a minimum at 345 m/o., and Inflections at 265-270

«/*♦, 470 nu<~, and 540 m/c ,

The/
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The experiment was repeated with two-fifths

of another 24 hr. male urine specimen, and the

curve II of Fig. 14 is the graphic representation

of the result. The fraction used for the readings

was only one-fifth of the sample, the other one-

fifth being used for the detection of the spot in

the chromatogram. The sample of urine was

collected entirely during the night. It can be

seen that there is a maximum at 379 m.. ., with

some small, irregular peaks in the region 250-310

BUt,.

Girard Separation
«—— mi ift» in i ii iii» ii i. mi

A 24 hr. sample of male urine, volume 1570

ml., was extracted, boiled and extracted again.

The crude 'boiled urine' extract was submitted to

the Girard separation according to the modification

proposed by Plncus and Pearlman (1941), in which

the formation of the hydrazones takes place at

90-100°C. for 20 min. in glacial acetic acid. The

paper chromatograms of both the ketonic and the

non-ketonic fractions failed to show any reducing
*

spot at all. It was assumed that destruction

occurred under these rather energetic conditions,

and thereafter the method of Schneider (1950) was

essentially/
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essentially adhered to (see Fig. 4).

Another 'boiled urine' extract was treated

in this manner, with the addition of a further

extraction of the aqueous phase containing the

steroid hydrazones 24 hr. after the acid for the

hydrolysis was added. Kelther this extract nor

the non-ketonie fraction contained any reducing

material judging from the paper chromatograms,

The first ketonic fraction (obtained by extraction

during the first two hours of acid hydrolysis of

the aqueous phase) contained a reducing substance

with an ftp value of 0.30 in system Ba (% values
for compound S and DOC in the same chromatogram

were 0.34 and 0.88 respectively).

A third 'boiled urine' extract from a 24

hr. specimen belonging to the same subject was

distributed between hexane and 10% aqueous

methanol. The hexane phase was evaporated and

transferred to a small test tube. The methanol

phase was partially evaporated to remove as much

methanol as possible, diluted with water, and

extracted with ether. The aqueous phase was

evaporated and transferred to a small test tube.

The ether fraction was divided into two equal

portions. A Girard separation was carried out

on/ I
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on ore, the other being evaporated to dryness.

Aliquots of each of these fractions - hexane,

water, ether, and ketonic and non-ketonlc fraction#

from the Girard separation - were applied to a

chromatogram which was run in system fig. No

reducing material was observed in the hexane,

water, and non-ketonic fractions. The ether

fraction showed the spot corresponding to X with

an Rj » 0.46, and the ketonic fraction a spot of
similar Intensity with an Ry a 0.S7. Some
reducing material remained near the starting line.

The % values of the three standards used, TH-A,

compound S and DOC were 0.22, 0.33, and 0.86

respectively.

Acid and Alkali Treatments

A 'boiled urine' extract, after hexane-

10% aqueous methanol partition, was applied to

the starting line of a ehromatogram with 10/<-g,
of compound S at each side. After running in

system Bg, a longitudinal strip was cut out from

each side, and then sprayed with BT to locate the

position of the band of X, which was cut out from

the chromatogram, and divided into two equal

portions to be eluted separately with 10 ml. of

methanol/
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methanol. After filtration, the ©luatee were

evaporated to dryness, f© on© of them a few

drops of methanol and 25 ml. of 0.1 K-BeSG* were

added, and the solution left standing at room

temperature for one hour. Two extractions with

25 ml. of chloroform were then carried out, the

chloroform extracts were combined and washed once

with 10 ml. of 0.1 N-KsOK and twice with 10 ml,

of distilled water, evaporated to dryness, and an

aliquot of the residue applied to a chromatographic

sheet. An identical aliquot of the other eluate

(untreated by acid) was also applied as well as

compounds 5 and DOC as standards. The paper was

run in system %, and the spray with BT revealed
the familiar large X spot In the untreated eluate

with an % of 0.55, The ©luate treated by acid
showed « spot of similar intensity and sisse with

«r Rp » 0.50j no reducing material was seen

where X would have been, if present. The Bg
values for the standards were 0.3T (compound s)

and 0,91 (DOC). These results are diagrammatically

represented in Fig, 15b,

Fig. 15a shows the result of one of the

Oirard separations performed. Two papergrams,

<*> /
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(a) and (b), of untreated urine are included.

There can be little doubt that the reducing spot

seen in the ketonic fraction is identical with that

obtained after acid treatment of X. This product

will be called Xa. Its running rate is very

similar to that of Y, as can be seen in the lower

part of Fig. 15b, representing an experiment In

which Y and X from a 'boiled urine1 extract are

compared with Xa obtained by acid treatment of a

fraction of X of the same extract eluted from a

previous ehromatograxn.

A 'boiled urine' extract was divided into

four portions, and three of them were treated by

25 ml. of 0.1 Jf solutions of NaOH, NaBCOj , and

HAgCOj, after addition of a few drops of methanol
to dissolve the dry residues. The solutions were

neutralised after one hour with 2,5 ml, of $-HCl,

extracted twice with 50 ml, of chloroform, and the

combined chloroform extracts washed with water,

dried and evaporated under reduced pressure. The

chromatogram did not show any difference between

these portions after the alkali treatment at room

temperature and the untreated portion.

An experiment was designed to see if the

conversion of X into Xa was reversible. Three-

fifths/
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fiftha of an extract of boiled urine, corresponding

to a 24 nr. urine sample, were acid-treated and

the conversion product was divided in three equal

portions which were applied to a paper, together

with one-fifth of the untreated boiled urine

extract, The chromatogr&m was out along its

length in two halves; one of them containing one

of the spots after acid treatment and the untreated

portion was sprayed with Bf. Xs was elated from

the other half of the paper, one of the spots

being treated by 0.1 N-NaOH as described in the

preceding paragraph,and the other kept as reference.

A final chromatogram was run with the untreated

portion, the acid-treated portion, and the acid

and alkali-treated portion, each one representing

one-fifth of the 24 hr. 'boiled urine' extract.

The alkali treatment did not modify the Xa spot.

plgitonin Precipitation

When the procedure outlined in Fig. 5 was

used on a 24 hr. 'boiled urine' extract, the

chromatogram (Fig. 16a) showed that X was in the

a-fraction; no reducing material was seen in the

g-fraetlon. In a repetition of this experiment a

faint spot was observed in the g-fraction,

presumably/
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presumably due to Y; in the a«fraction, X was

accompanied by a faint tail of a more 'polar'

reducing material.

The digitonin precipitation of a 'boiled

urine' extract after acid treatment at room

temperature (Pig. lob; Pig. 17B) revealed that a

small portion of the material which we call Xa

was in the ^-fraction, the largest part remaining

in the a-fraction. Fig. lbc is a copy of a

ehromatogram showing that previous purification of

Xa did not appreciably modify the results.

Oxidation of Xa with Sodium Bismuthate

The oxidation of CS1-steroids by sodium

bismuthate is a good test for the differentiation

between 17,21-dihydroxy-2G-ketocortlcosteroida

and those steroids lacking the hydroxyl group at

C-17, for steroids of the former group yield

17-ketosteroids, while those of the second yield

Cso-etioaclds (Brooks and Norymberski, 1852). The
2 ij

oxidation with periodic acid would yield etio-

acids whether a 17-hydroxyl group in addition to

the primary ct-kotolic side-chain existed or not,

the reason being that, unlike sodium bismuthate

and lead tetraacetate, periodic acid does not

oxidise/
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.

oxidise s-hydroxy acids. Sodium blamuthate baa

the advantage over lead tetraacetate that the

oxidation can be carried out in an aqueous medium

(Higby, 1950).

A pool of 19.8 1, of daytime male urine

was boiled and extracted. The extract was

partitioned between hexane and 70$ aqueous

methanol, and a Glrard separation was carried out

on the meth&nol-soluble fraction, rapergrama

with 1/100 (198 ml, of urine) of the resultant

fractions proved that the Isotonic fraction con¬

tained the uauel Xa spot, while no reducing spot

was seen In the non-ketonlc fraction, Along the

starting line of a chromatographic sheet, one-

fifth of the ketonic fraction was applied in &

band. After development in system b*, the band

corresponding to Xa was cut out, its position

being found out by spraying two narrow strips

from the sides of the chrometogram with Bf.

Xa was then eluted from the cut portion

with methanol, and the solution evaporated to

dryness. One half of the dry residue was

oxidised with sodium blamuthate in the way

described by Brooks and Korymberski (1952), Ihe

reaction/
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reaction mixture was extracted with chloroform,

the extract evaporated, and two aliquots of the

dry residue were applied to a chromatogram

together with two equivalent aliquots of the

untreated eluate, 10 /eg. of compound S, and 10,ug.

of dehydroepiandrosterone; compound S was at one

side of the starting line and dehydroepiandrosterone

at the opposite end, each half of the paper contain¬

ing one spot of the untreated eluate and another

spot of the oxidized portion. After development

in system Bg, the paper was cut in two halves. The

half containing compound S was sprayed with BT,

and the other half with m-dinitrobenzene reagent

(Axelrod, 1953b). The BT positive spot of Xa

appeared in the untreated but not in the oxidized

eluate. In the paper sprayed with m-dinitrobenzene

the only purple spot was that of the standard

dehydroepiandrosterone. The experiment was

repeated with the same result. It appears that

the group responsible for the reducing power of

Xa is destroyed by sodium bismuthate oxidation

without formation of a 17-ketosteroid.

Oppenauer/
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Qppenauer Oxidation

As will be discussed later, there were

reasons to think that Xa might be © 3£-hydroxy- & 1
unsaturated steroid. Qppenauer (1941) has

described in detail the preparation of cholestenone

from cholesterol. His method, reduced to

adequate proportions for work at a micro-scale,

was applied to the sodium bismutaate-oxidation

product of Xa, hoping that the resulting ^-3-
ketosteroid would be easily identified by means

of paper chromatography.

The method was first tested on dehydroepl-

endroaterones 3 aig, of this compound, dried

over ra05 in a vacuum desiccator, were placed

in e 25 ml, round-bottom flask with 7,5 ml, of

dry acetone and 10 ml, of anhydrous benzene. The

mixture was brought to boiling under reflux, and

800 mg, of aluminium t-butoxide dissolved in 5 ml,

of benzene were poured down the condenser. The

refluxing of the cloudy mixture was continued for

8 hours. The temperature was controlled by having

the flask immersed in a bath of dibutylphthalate

regulated at 80 ± 5°C. After cooling, 2 ml. of

water and 5 ml, of 10% sulphuric acid were added;

the contents were transferred to a 50 ml.

separating/'
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separatlng funnel, 15 ml. of water were added, and

the funnel was shaken thoroughly. The water layer

was drawn off and extracted in another funnel with

10 ml. of benzene. The combined benzene layers

were washed three times with 10 ml, of water,

filtered through a layer of anhydrous sodium

sulphate, and evaporated to dryness. The residue

was dissolved in 3 ml. of methanol and 15yd. of
this solution applied to a chromatogram, with 15/ig.

of dehydroepiandrosterone as standard. The oxi¬

dation product absorbed rather strongly when viewed

at the ultraviolet light of 253 myt, ('Chromatolite'),
After running in system B2 the ultraviolet

inspection revealed two very faint spots in the

middle of the paper, end a strong one near the

solvent front. After spraying with m-dinitro-

benzene two spots were detected, one with the

sarnie as the standard dehydroepiandrosterone,

and the other very strong and less 'polar* showing

a perfect coincidence with the spot pencil-marked

after ultraviolet inspection. This was considered

satisfactory evidence for the partial conversion of
4

dehydroepiandrosterone into -androaten-3,17-dione.

Two-fifths of the ketonic fraction described on

P. /
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p.ll2(« 7*92 1. ) were submitted to paper chroma¬

tography in system ^, the portion of paper con¬

taining Xa was out out end ©luted In the usual

manners the sodium bismuthat® oxidation was

carried out on the residue, and also on 1 mg. of

ll-dehydroeorticosterone. The product of the

sodium bi a nuthate oxidation of Xa. was then oxidized

by the method outlined in the preceding paragraph.

An aliquot of the final product was chromatograpned

in system Bg with the ©tioacid obtained by sodium

biansuthate oxidation of compound A. The chromato-

gram failed to show any dark spot at the ultraviolet

inspection. The experiment was repeated with

another extract from IX.7 1. of daytime urine with

an equally negative result.

Extraction of Urine at pH 1.0 and noom Temperature

This experiment was designed to confirm the
s

^hypothesis that Xa might be & Sg-hydroxy- A -

-steroid, obtained by the acid treatment of X,

■which in turn would bo the corresponding bp-hydroxy*

■3,5-eyclo compound. In other words, Xa would be

■to X what dehydroep1androaterone is to bg-hydroxy-

i5,5-cycloandrost0n-17-one. It will be recalled

a( see Fig. 2) that continuous extraction of a

solution/
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solution of dehydroeplandroaterono sulphate at

room temperature and pH 0,9 for 24-48 hr. yields

100^ of pure dehydroeplandrosterone (Lieberman ait

al., 1954).

9.7 1. of male urine were adjusted to pH

1,0 with N-HsS04, and continuously extracted for

5-6 hr, each of three consecutive days. The

ether extract (5 1.) was washed twice with 0.2

vol. of N-HaOH, and three times with 0,2 vol, of

water, dried over anhydrous IfasS04, filtered,

and evaporated to dryness. The residue was

partitioned between hexane and 70^ methanol.

The methanol soluble fraction was strongly

pigmented (due to the acid hydrolysis employed)

and its further purification before paper

chromatography was necessary. Accordingly,

a modification of the partition method outlined

by Haines and Karnemaat (1954) was applied as

follows: 60 g. of silica gel (chromatographic

silica, 200/300 mesh) were mixed with 30 ml, of

ethylene glycol with vigorous stirring. The

mixture was suspended as a slurry in 200 ml, of

cyciohexane saturated with ethylene glycol to

pack a column of 34 x 2 cm. After thorough

washing of the column with methylene dichloride

and cyciohexane (both saturated with ethylene

glycol), the methanol-soluble fraction of the

urine extract was added onto the column dissolved

in/
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In 5 ml. of methylene chloride. The discon¬

tinuous gradient elution described in 'Methods1

was used. Portions of 25 ml, were taken from a

flask initially containing 900 ml. of cyclohexane,

and transferred to the column. For each with¬

drawal, 10 ml. of methylene dlehlorlde were added

to the flask and mixed thoroughly. The rate of

flow from the column was 5 ml./min. and 59

fractions of 25 ml. each were collected. In a

pilot experiment, compound 8 was eluted from a

similar column in the fractions with a concen¬

tration of methylene dichloride in cyclohexane

between 10 and 30$ (v/v). As Xa is only

slightly more 'polar1 than compound S, fractions

with this proportion of eluants should contain

it. Therefore, the 59 fractions were combined

in four groups, A, B, C and D, Group B

corresponds to the aforesaid range of concen¬

trations, The fractions of which each group

consisted and their weights were as followss

Group Fraction no. Weight ,__mg»
A
B
C
D

1-6
9-25

25-49
50-59

14.4
19.6
12.7
3.0

For the paper chromatography, 1/50 of

each/
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each fraction (equivalent to 194 ml. of urine)

was applied in duplicate to a paper with compound

S and DOC (10 ,ug. each) as standards. The papers

were run in system Bg. probably because the

system had been prepared about five weeks before

this experiment was performed, the Rj, values for
compound S and DOC were 0.43 and 0.90 respectively,

rather larger than usual. No BT-positive spots

were observed in fractions A or D. Fig. 18

shows that fraction B contained reducing

material with an * 0.75, while fraction C

contained a compound BT positive with an Rj =

0.58. The zones corresponding to this compound

and to DOC in the duplicate papergram were cut

out and ©luted with methanol! a quantitative

determination by means of the method of Chen et

al. (1953) gave 0.407 mg. as the total amount

of this substance present in fraction C. On

this fraction, a Girard separation was done, and

1/40 of both the non-ketonic fraction (5.9 mg.)
and the ketonic fraction (3.6 mg.) were taken to

be chromatographed in system B2 (Fig. 18). The

reducing material was found in the non-ketonic

fraction.

No spot with an Rj> similar to that of Xa
was/
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was detected in any of the chromatograms, and the

study of the fractions was not pursued further.

Discussion

The chromatographic properties of X are

consistent with its having four oxygen atoms if,

as it seems likely, it is a On

this assumption, two oxygen atoms would be in

the a-ketol side chain. The nature and the

position of the other two oxygenated functions

is a matter for speculation. By kind permission

of Mr Fotherby (unpublished data) we include in

Fig. 19 some results about the acetylation of X

previously purified by paper chromatography. In

some experiments, two spots were obtained on the

papergrams of the aeetylated X, one of them with

an Rj, similar to that of the monoacetate of
compound S and the other much less 'polar' which

might be a diacetate. In other experiments, only

this last apot was observed.

These results may mean that X has an

acetylable hydroxy1 group other than that in

C-21. Of course, the results can be explained

admitting that X is a mixture of two reducing

substances with the same Rj,, one of them giving
a/



-131-

a more 'polar* acetate than tn© other.

Ih© lack of a maximum at 240 mtc , in the

ultraviolet absorption spectra of X and Y excludes

the presence of on a^-unsaturated ketonle group,

always assuming that these reducing compounds are

steroids, this result is in agrement with the

absence of a positive reaction in Bush's test

with the methanol1c soda spray.

the ultraviolet absorption spectra of X

in sulphuric acid showed a quite definite peak

in the region between 375-570 ,, apart from

a high absorption beginning at 220 vlu. • and

decreasing rapidly towards longer wavelengths.

An examination of the spectra recorded in the
.

literature did not permit identification. It is

noteworthy, however, that many of the 3d-hydroxy-
it

AT-unsaturated steroids listed by Bernstein and

Lenhard (1953) have a maximum in the region

between 350 and 410 mu- , In some compounds

this peak is the highest and is very close to

375 &U-,; for instance: 377/ a*** » for &5'7 »9<u
S m

pregnatriene-3g-ol-20-one; 384 wua, . for A * -

pregnadiene-3B-ol-20-one acetate, A^-Pregnene-
38,21-diol-20-one diacetate has two peaks of

similar height at 378 and 405 im-. Dehydro-

!£i/
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egiandroeteron© acetate has a high peak at 404 wlu 1
While it would be unjustified to take these

coincidences as evidence for the presence of a 3g-

hydroxy- rf-double bond in X, it le not unreason¬

able to suppose that if X had this grouping, a

peak such as the observed one would very likely

be present.

More significant are perhaps the results of

the Girard separation. First of all, the hot

treatment leads to a total destruction of th®

reducing properties of X, which cannot be found

in either of the fractions resulting from the

separation. It is well known that many cortico¬

steroids, particularly those with a primary a-

kotolie grouping, also show this lability. In

th© second place, the Girard separation carried

out at room temperature yields a reducing ketone

which is more 'polar* than X. Shis is th© com¬

pound we have called Xa. As th© reducing

properties seem to be wholly preserved, the

transformation must affect other parts of the

molecule. An Interesting possibility would be

the transformation of an i-steroid into the 3£-
B

hydroxy- a -unsaturated derivative. For instance,

dehydroeplandroaterone is more 'polar' than i-

androstanolone/
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androstanolone (Savard, 1953). The treatment of

i-androatanolone with hydrochloric acid at room

temperature, however, yields mostly 3P-chloro-

Z!s5-androsten-17-one (which is far less 'polar*

than the parent compound), and less than 20$ of

deaydroepiandrosterone (Dingemanse and Huls in't

Veld, 1952), The mechanism postulated by

Lieberman et al. (1954) for the hydrolysis of

steroid sulphates might explain the conversion of
5

the 1-compound into the 35-hydroxy- ^-unsaturated

one if reversibility for the reaction between the

intermediary radical and the i-compound is

assumed. Thus, to recapitulate, if X is the 1-

compound, la cannot be the chloro-derivative, for

this would be less 'polar* than the parent sub¬

stance, Xa is more 'polar' than X, which is

consistent with the hypothesis that Xa is the

32-hydroxy derivative.

Whereas hydrochloric acid was usually

employed for the hydrolysis of the Girard

derivatives, sulphuric acid was used in some

instances. The results, as far as the conversion

of X into Xa is concerned, did not differ in

those experiments in which sulphuric acid was

used, lending further support to the hypothesis

that/
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that Xa la the 3B-hydroxy and not the 3-ehloro

derivative. The results obtained by treatment

with 0.1 M-sulphuric acid lead to the same con¬

clusion, always assuming that X is the i~compound.

Alkali treatment at room temperature for

a short time did not appear to have any influence

upon X. This kind of treatment also failed to

reverse the conversion of X to Xa.

It is tempting to think that Y may be

the same substance as Xa, because of the simi¬

larity in their running rates on the ehromato-

grams. But we have not obtained any conclusive

evidence to establish this identity.

In regard to the possible identity of X&

we should add that Fotherby {unpublished data)

has found that Xa, purified by paper chromato¬

graphy, gives a positive Bettenkof/er reaction

in the modified version by Munson, Jones, McCall

and Gallagher (1948), who claim that this colour

test indicates the presence of unsaturation or

potential unsaturation in ring B and a hydroxy1

group or double bond in ring A.

The digitonin precipitation gave results

which were not easy to interpret. It would

appear/
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appear that X is not precipitated in any case.

The precipitation of Xa is rather Incomplete and

much more material appears in the c-fraction than
x

in the g-fraction. This in Itself does not

exclude that Xa is e. 3g-hydroxysteroid, for many

of them are recovered In the a-fraction, as we

have already mentioned when describing the

methods employed. It is unlikely that £ is a

mixture of two steroids, one with the 3-alpha

and the other with the 3-beta configuration

(which would explain the results), because in

that case we have to assume that X is also a

mixture of two reducing substances which under

acid treatment would be transformed into another

pair of compounds with the same Ej,, or that X by
acid treatment yields two different compounds with

the same Ej,,
The oxidation with sodium bismuthate seems

to/

x However, using the same technique, Mr,
lotherby usually finds that Xa appears
mainly in the ^-fraction, only" a small
portion remaining in the a-fraction. The
reason for this disconcerting difference is
unknown.
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to exclude the presence of 17-hydroxyl group, for

In that instance a 17-ketosterold would have been

identified. The oxidation product of Xa was,

however unidentified, because the etioacid which

probably results from the sodium bismuthate

treatment could not be detected even after

Qppenauer oxidation which should convert the

assumed 313-hydroxy- /r-unsaturated grouping into
4

a A. -3-ketone group. The reasons for the failure

of the Oppenauer oxidation are not clear, but

some alteration of the aluminium-t-butoxide used

is not improbable, since other workers in the

Department failed in obtaining satisfactory

results with this reagent.

The expected result from the continuous

extraction of urine at pH 1.0 and room temperature

was the presence of Xa. The actual results of

this experiment are in disagreement with this

expectation. It is not impossible that during

the three days of the experiment Xa was destroyed

by the long exposure to acid dissolved in the

ether layer. And, of course, it may be that Xa

is not, as assumed, a 3|3-hydroxy- ^ -unsaturated

steroid. Nothing can be said about the non-

ketonic reducing material found in this experiment,

except/
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except that in all probability, it is not of

steroid nature at all.

Summary

a) From the chromatographic properties of X and

those of its acetylated product, it seems

likely that it has four oxygen atoms,

two of them probably in the form of acylable

hydroxy1 groups.

b) Acid treatment at room temperature, e.g. the

acid hydrolysis employed in a Girard separ¬

ation, transform X into another more 'polar'

reducing steroid, Xa. The reaction is not

reversed by subsequent alkali treatment at

room temperature. This conversion might be

explained by analogy with similar well-known

reactions assigning to X a 3,5-cyclo-b-

hydroxy structure in rings A and B, while Xa
5

would be the corresponding 3P-hydroxy- A -

unsaturated derivative.

c) The ultraviolet absorption spectrum of

partially purified X in concentrated sulphuric

acid, the partial precipitation of Xa by

digitonin/
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digitonin, and a positive modified Pettankofer

reaction for partially purified Xa provide some

evidence in favour of the structure mentioned in

the last paragraph. The failure to obtain the

a,8-unsaturated ketone after Oppenauer oxidation,

and the absence of Xa among the reducing sub¬

stances liberated by continuous extraction of

urine at pH 1.0 and room temperature do not lend

support to the hypothesis, but are not necessarily

inconsistent with it.

d) The sodium blsmuthate oxidation of Xa does

not yield a 17-ketosteroid,which excludes the

presence of a 17-hydroxyl group in the molecule.

An a,8-unsaturated ketonic grouping can also be

excluded (absence of a maximum at 240 bul, in the

ultraviolet absorption spectrum.

The/
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The Isolation and Identification of

Crystalline Compounds From 'Boiled

Clrlne' Extracts

All the results described so far point

to the existence in urine of some reducing material

extractable by chloroform and bound in some com¬

bined form which Is split by boiling the urine for

SO min, before the extraction, fhe presumptive

evidence for this reducing material being of

steroid nature is rather strong, but the con¬

clusive evidence would obviously be the isolation

of the substance(s) in question, and the identifi¬

cation according to the accepted criteria in the

field of steroid chemistry.

With this goal in mind, several extracts

of boiled urine were fractionated by adsorption

chromatography, and some of the crystalline

fractions obtained were submitted to tne usual

identification procedures. I'he results of these

experiments are described in this section.

Chromatographic/
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Chromatographlc Procedures

The type of gradient alution used has

already been described in a previous section, A

mixture of magnesium silicate and Celite (lrl by

weight) was used as the adsorbent. The magnesium

silicate (B.D.H.,for chromatographic purposes)

was moderately activated by overnight heating at

120°C. Preliminary experiments using Eeichstein's

compound S as standard, showed that strong acti¬

vation of the magnesium silicate (heating at 400°

C, for 2 days) led to incomplete recoveries.

The Celite was kept in an oven at 110°C, For

the preparation of the columns the mixture of

magnesium slicate and Celite was admixed with

enough petroleum ether or benzene - whichever

was to be used as the less polar solvent to begin

the elution - to form a not too thick slurry

which was poured into the column, already half-

filled with the same solvent. After stihring

the contents vigorously with a glass rod, the

excess of solvent was drained off while the

adsorbent mixture sedimented, the top of the

column not being allowed to dry. The extract,

dissolved in the minimum amount of the same

solvent, was then added, or by what proved to be

a/
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a batter technique, adsorbed on a small amount of

magnesium silicate-Cellte mixture suspended as a

slurry in a small volume of the solvent. The

elution began with pure petroleum ether (B.P, 80-

100°C.) or benzene, and ethanol was added in a

pregressively increasing concentration, as the

more polar solvent. At the end, two further

fractions were usually collected by washing do\sm

the coluran with pure ethanol. A pressure between

80-140 mm. Hg was applied throughout the

fractionation to obtain a rate of flow of 2-3

ml./min.

The fractions were evaporated under a jet of

air, Aliquots of the fractions were run on paper-

grams which were sprayed with BT reagent. The

appropriate fractions were than combined and

chromatographed again on smaller columns. The

crystalline products were separated and re-

crystallized until a satisfactory melting point

was obtained.

Two pools of urine were fractionated

following the preceding plan. The urine was

boiled, without previous extraction, and extracted

as described in 'Methods', Baually, the crude

extracts/
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extracts of each day's collection, 6 1. on the

average, were partitioned between hexane and 70$

methanol, and the methanol-soluble fractions were

kept dried in the deep-freeze.

Fractionation of the First Pool.

An extract of urine corresponding to 103,5 1,

and weighing 1,0256 g. was distributed between

hexane and 70$ methanol, and the methanol-soluble

fraction amounting to 444 rag, was fractionated

into ketonic and non-ketonic fractions, using 2 g,

of Girard's reagent T, and the procedure described

elsewhere (see Fig, 4), Hydrochloric acid was the

agent employed for the hydrolysis of the ketone

hydrazones. The weights of the fractions were?

Non-ketonic » 199,6 rag,
Ketonic « 182.5 mg.

Crystalline material was obtained from a

methanolic solution of the ketonie fraction. The

identification of this ketone, Kx, will be

described later,

3vaporation of the mother liquors left a

residue, 121.2 mg, in weight. A magnesium silicate

Celite column, dimensions 15 x 1 cm., was prepared

with 5 g, of the adsorbent mixture. The residue

was/
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was added onto the column dissolved In approxi¬

mately 10 ml. of warm benzene. Prom a flask

containing benzene 10 ml. portions were withdrawn

and transferred to the column, and at the same

time 2 ml. of an ethanol-benzene mixture (1:3, by

volume) were Introduced Into the flask. In this

manner, the concentration of ethanol In the eluting

mixture increased contlmurasly, slowly at first

and progressively faster as the volume in the

flask, Initially containing pure benzene, decreased

27 fractions of 20 ml. each were collected in¬

cluding two collected when the column was eluted

with ethanol-benzene (1:3), and another three

with pure ethanol. The analysis of the fractions

by means of paper chromatography is represented

in Fig, 20. Fractions 1-6 were combined and re-

chroma tographed under Identical conditions except

that petroleum ether was substituted for benzene.

The results are given graphically In Fig. 21.

Fractions 7-11 of this second chromatogram were

combined and transferred to a small conical flask.

From a methanolic solution of the 12,3 rag, of

material thus separated, 4,3 mg, of impure crystals

melting at 149-168° were obtained. The crystals
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.

w«f»e dissolved in I ml, of methanol and 5/-1*

applied to the starting line of a ohronatcgraphtc

sheet, Hie result of this chromatogram is also

represented In Pig. 21, It is worth noting that

the time for the blue col ur to appear after the

3pray with the 8T reagent was longer for the

crystalline material than for Kelehsteia*s com¬

pound 3 used as standard. The Intensity and sice

of the two spots were very much the same, in spite

of the amount of crystalline material being twice

that of compound S,

A second crystallisation of this material -

hereinafter called Ka - from methanol yielded

3 mg,. of crystals melting at 168-17?°C, The

experimental evidence for its identity will be

described later,

fractionation of the Second Pool

An extract of 118 1. of boiled urine was

prepared in the usual manner, and a partition

between te&mm and 70?;' methanol carried out. The

total m*fch&nol-soluble residue, weighing 575 mg,

was submitted to a Girurd separation as already

described. The weight of the non-Ice tonic fraction

was 261 sag, and that of the hetonic fraction 177

iag. He crystal® could bo obtained from a meth&nolic

solution/
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solution of the latter. Therefore, no Kx was

isolated in this second experiment*

The ketonlc fraction was then chromato-

graphed on a column about 20 x 2.5 cm, containing

50 g, of a mixture of magnesium silicate and

Celite (equal parts, by weight). The adsorbent

was poured onto the column as a slurry in

petroleum ether (boiling range 80-100°C,). The

elution was in the form of the 'discontinuous'

gradient procedure described in the preceding

paragraph with the exception that the volume in

the reservoir was 1000 ml, instead of 500 ml.

The eluate was collected in fractions of 50 ml.

At the end, two fractions were collected eluting

with ethanol-petroleum ether (Is3; v/v), and

another two with pure ethanol. The residues from

the fractions having an odd number were dissolved

in 1 ml, of methanol each, and 1/100 aliquots of

these fractions were chromatographed on paper (see

Pig, 22), Only fractions 17 and 19 contained

important amounts of blue tetrazolium-reducing

material, The contents of tubes 16, 17 and 18

were combined and left aside. Fractions 11-15

and fraction 19 were combined and rechroraatographed

on a small column containing 5 g, of magnesium

silicate/
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stllcate-Celite mixture as adsorbent. The

©luting solvents were petroleum ether and ethanol

as before| 500 ml. of petroleum ether were placed

in the mixing flask. The volume of the fractions

was 20 ml. Alternate fractions were analysed for

blue tatrazolium-reducing material by means of

paper chromatography. The papsrgrams of 1/50
allquots of these fractions are shown In Pig. 23.

Fractions 8-16 of the second adsorption chromato-

gram were combined with fractions 16, 1? and 18

of the first (from which several attempts to

obtain crystalline material failed), and the

residue was chromatographed on another column with

5 g, of the usual adsorbent mixture. The elution

was carried out with 80 ml. of benzene; 120 ml.

of 1% ethanol in benzene; 40 ml. of 5% ethanol

in benzene; 20 ml. of 2'5% ethanol in benzene,

and 20 ml, of ethanol. No appreciable amounts of

Xa were detected in the papergrams prepared with

aliquots from these fractions. The material

eluted by X% ethanol in benzene was not examined

by paper chromatography. Instead, these fractions

were combined and crystals obtained from a

raethanolie solution of the residue. The crystals,

about 3 mg,, were similar to those of Ka obtained

from/
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from the first pool and melted, after a second

crystallisation, at 173-178°C. This material was

then combined with ila and crystallized again from

methanol. Approximately 4.5 mg, of a substance

melting at 177-181°C. were obtained.

Identification of "&■>_ as 5B-C1- : £ -andro s tan-17 -one

This substance, obtained from the hetonic

fraction of the first extract before it was sub-

raitted to chromatography, had a melting point of

147~150°C. This, as all the other melting points
'

recorded here, is the uncorrected value obtained

by means of a hot-stage melting point apparatus,
!

usually giving results reproducible within & 2°C.

(Klyne and Ra nice i lie r, 1947 }. The Zlmmerraann

reaction (Callow, Callo\? and ISnmens, 1938) showed

that Kj. is a 17-4cetosteroid (Pig. 24), The

optical density at 520 m/A * of the colour obtained
with 100/tg. of Kx was 0.355, while an equal

amount of dehydroeplandrosterone showed a value

of 0,332, The two curves were identical.

The absorption spectrum of a solution of

120/tg, of Kx in 4 ml, of concentrated sulphuric
acid (A.R,, sp, gr. 1.84), after 2 hr, at 25°C.,

Is reproduced in Pig, 25. The shape of the

curve/
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curve, and the position and relative Intensities

of the peaks correspond with those reported for

flehydroepiandrosfcerone by Axelrod (1953b) and

Bernstein and Lenh&rd (1953), although the

extinction coefficients are smaller.

However, depressed the melting point of

dehydroeplandrosterone. A careful study of the

melting behaviour revealed that Kx appeared to

adopt a rod-like crystalline form at 125°C,,

tiny droplets were visible at 135°C#, and the

melting point was 145-152°C, Pure dehydroepi-

androsterone (three times crystallized from

methanol) showed no similar change in crystalline

form; droplets were visible at 140°C., and the

melting point was 147-149°C. A mixture of the

two substances started to melt at 121°C.

The only known 17-ketosteroid with a melting

point similar to that of Kx, and which might be

expected to show the same absorption spectrum in

sulphuric acid as dehydroeplandrosterone, is Its

3p-chloro derivative having a slightly higher

melting point. Accordingly, this substance was

prepared by treatment of dehydroepiandroaterone

with phosphorous pentachloride (Wallis and

Fernholz, 1937), TI10 riioXIbjLti^ points 0^* tfb©

product/
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product after one crystallization from methanol

was 145-152°C., identical with that of K-j_* On
admixture with the latter, there was no depression

(145-151°C.)*

The absorption spectra in sulphuric acid of

equal amounts of dehydroepiandrosterone and its

33-ehloro derivative can be seen in Fig. 26. The

identity of the latter was confirmed by analysis:

Calc ,<fc Found %

Carbon 74.36 73.79
Hydrogen 8.86 8.31
Chlorine 11.55 12.50

5
Therefore, was identified as 33-chloro- A-

androsten-17-one.

Properties of Kg

This ketone melting at 177-181#C. was

obtained from both extracts of boiled urine. Its

chromatographic properties were very similar to

those of Xa, which was actually present in the

first crystals obtained, as shown by paper chroma¬

tography. The purified substance, however, did

not reduce blue tetrazolium. Ho formaldehyde was

liberated by treatment of Kg with periodic acid.

An aliquot of 99 /eg, of Kg gave a negative

Zimmermann/
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Zimmermann reaction with an O.D. « 0.000 in the

range 400-550 Thes© negative results permit

the exclusion of the groupings CHgOH-CO-,

CHgOH-CHOH-, and -CO-GHg- X. Therefore, Kg is

not an a-ketolic, a-glyeolic, or 17-ketosteroid.

Very probably it is not a 3-keto- or 20-keto-

steroid either, as some colour would have

developed in the Ziramermann reaction in such a

case.

With concentrated sulphuric acid, Kg pro¬

duced an intense purple colour with a green

fluorescence. The absorption spectrum of this

colour is represented in Fig. 27. The relevant

numerical data were as follows:

Maxima /

x Androstan-3£-ol-16-one, however, contains the
last grouping in ring D and only gives a very
weak Zimmerm&nn test (Heard and Sobel, 1946).
0estrone-16(l,3,5(10)-oestratrien-3-ol-16-one
also gives a virtually negative test (Huffmann
and Lott, 1954).
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Maxima; 371 (196)? 378 (315);

Minima; 360 (175); 315 (163);

Inflections;

The first figure is the wavelength; the figure

between brackets is the corresponding extinction
jjt

coefficient (Sj em )♦ On the assumption that Kg
is a steroid, the peak at 271 ru<-» may be assigned

to a hydroxy1 group (Bernstein and Lenhard, 1954).

The doublet at 378 and 400 a/t-. occurs in the
ft

spectra of many a ^'etenols (aee Bernstein and
Lenhard, 1953). There are not many steroids

reacting with sulphuric acid to give a purple

colour (max, at 560 mA.). A recent example is

68-hydroxyCortisol diacetate which in sulphuric

acid develops a transient violet-purple colour,

but no green fluorescence (Burstein and Dorfman,

1955).

The ultraviolet absorption spectrum of Kg

in ethenol revealed a maximum at 242 ma., The

molecular extinction coefficient (assuming a

molecular weight of 340) was only 680. Compounds

with an ©,P-unsaturated ketonic group have a

molecular extinction coefficient in the order of

16,000 at that wavelength. Therefore, it seems

clear that Kg does not have this grouping, the

absorption/

400 (309); 560 (245).

390 (304); 458 (186).

496 (210)? 585?(240);
655? (375).
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absorption being due to some impurity present in
about 4£ concentration. There was a faint

indication of absorption between 290-500 ib<k.

(molecular extinction coefficient * 51) which

might be due to the same impurity. No absorption

at all was observed beyond 320 mu,

An analysis of 1.898 mg. of Kg gave?

%
Carbon 74.23
Hydrogen 8.78
Oxygen 18.99 ( by difference).

A reasonable empirical formula might be C19l%$0j

(C » 75.46? ? H » 8.67?; 0 « 15.87?') but the

agreement la not really good. Another possibility

is C$3 %£ O4 • This might be the mor.oacetate of a

compound with the formula CyiH3 0O3 * but the

evidence referred to later does not support this

hypothesis.

An infrared absorption spectrum of 1 mg,
a

of in/KC1 disc was obtained in the national

Institute for Medical Research, London, through

the kindness of Dr R.K.Callow. A copy of the

original record is presented in Fig. 28, and gin

analysis is offered in Table 12 (p.143), The

reviews by Rosenkranta (1955) and Jones and

Dobriner (1949) contain very valuable information,

of/
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Table 12. Infrared absorption spectrum of ^ (see
also Fig. 28).

W » Wave-number In cm"3".
A « Per cent, absorption « 100(I0-I)/eo. The letters

between brackets (s » strong; m «* medium; w
* weak) are conventionally usecC to qualify ~
the height of the peaks (Rosenkrantz, 1955).
The reference band is that at 1450 emr1
approximately, which is present in all steroid
spectra, and is due to the methylene groups,
A strong peak (s) has the same or more in¬
tensity than this band, a medium one (m) more
than half its absorption, and a weak band (w)
less than half its absorption,

WN A WK £
3540 40.0(a) 1150 22.5(m
3260 55.0(a) 1125 25.0(m
2930 6i.5(s) 1085 31.0(m
2850 52.0(a) 1062 61.0(e
2370 22.0(m) 1010 48.5(s
1740 63.5(s) 975 26.5(m
1670 21.0(m) 953 19.0(w
1450 38.0(a) 932 42.5(s
(doublet)
1380 35.5(m) 902 18.0(w
1337 25.0(m) 880 15.5(w
1320 26.0(m) 867 27.5{m
1295 25.0(m) 845 I6.0(w
1280 29.0(m) 829 23.0(m
1252 31.0(m) 806 27.2(m
1227 28.0(m) 788 21.5(m
1212 28,0(m) 740 17.5(w
1195 33.0(m) 712 18.0(w
1175 26.5(m)

- K.
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of which use has been made In the interpretation

that follows.

The bands at 3260 and 3540 correspond to

the free hydroxyl group. The bands at 2930 and

2850 are due to the stretching vibrations of the

C-H bond. The band at 1740 suggests a cyclo-

pentanone? as Kg is not a 17-ketosteroid (nega¬

tive Zimmermann reaction) a reasonable suggestion

for the position of the carbony1 group la C-16,

The doublet at 1450 is due to methylene groups

and is present lnje.ll steroid spectra. The

appearance as a doublet is due to the bending

vibrations of the methyl group which causes

absorption at a slightly lower frequency. In

the 'fingerprint' region (1200-700), Ka shows

strong absorption at 1062, 1010, and 932, besides

many other peaks of medium or weak Intensity,

It is not easy to account for the peaks

of medium intensity outside the 'fingerprint'

region. The band at 1670 could be assigned to

a 5,6-double bond (Rosenkrantz, 1955), but other

structures might be responsible for it as well.

Many inferences of a negative character can be

made from the absence of certain peaks regarded

as specific for certain structures. Thus,

all/
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5
all 36-chloro- A-unsaturated steroids examined

by Hirschmann (1953) showed a strong peak near

761. The absence of such a peak in the spectrum

of K2 permits its exclusion from this group of

compounds. Many other groups can be similarly

excluded: acetylated hydroxyl groups (absence of

band at 1250 of comparative intensity to that at

1740), progesterone-like side-chain (absence of

band at 1357), 3-keto and 17-keto groups (absence

of medium peaks at 1422 and 1408 respectively)

etc.

To summarize the evidence from the infra¬

red spectrum: Kg is very probably a steroid with

at least one free hydroxyl group and a ketonic

group in C-16. There is some evidence for its

being a A5-unaaturated compound, although this is

not conclusive.

Lack of material prevented further tests

for complete identification.

Discussion

The isolation of Xa, the acid-treated

product of X which is the most important reducing

material liberated from urine by boiling, has not

been achieved so far. There is some reason to

believe/
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believe that the lability of this substance is

partly responsible for this failure. For instance,

after Eg had been crystallized from the chromato¬

graphic fractions which, it might be expected,

would contain Xa, no reducing material was de¬

tected in the mother liquors. From the visual

inspection of the spots on papergrams obtained at

different stages in the isolation procedure, on©

is led to conclude that the decrease in Xa content

is greater than could be reasonably accounted for

by the usual losses during the handling of the

extract.

Any assessment of the physiological

significance of this reducing material must

necessarily await its final isolation and the

elucidation of its structure; work in this

direction is still being continued. Nevertheless,

some comments and speculation may be of interest.

In the first place, it should be emphasized

again that the chromatographic and other proper¬

ties of X do not correspond to any of the a-

ketolic steroids so far isolated from urine. It

will also be remembered that ACTH appears to

stimulate the excretion of X, thus providing

rather strong evidence to support the hypothesis

that/
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that X is s corticosteroid, Whether X is in any

way related to the eosinopenic material present in

boiled urines of ACTH-treated patients (Speira et

el,, 1861) cannot be ascertained at the present

moment,for no biological testing ha® yet been

conducted on our extract®.

In the preceding section the data concern¬

ing some chemical properties of Xe have been

described, fhere is strong but not complete

evidence for Xa being a ./^«3P-8tenol, the

isolation from this boiled urine of 3{3-chloro-
5

A -androsten-17-on© - a well-known artifact of

dehydroeplardroaterone (see Butenandt and JDannen-

baum, 1934) - can be accounted for by the treat¬

ment with hydrochloric acid in the hydrolysis of

the Girard hydraaones, the other ketone isolated,

Kg $ may very probably be another A -36-stenol,

judging from some of the maxima shown by the

ultraviolet absorption spectrum in sulphuric acid

and the infrared absorption spectrum.

It Xa Is, as it appears likely to be, a

compound with the same structure in rings A and B

as dehydroepiandrosterone, its isolation and

identification becomes a matter of great interest.

Apart/
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Apart from dehydroepiar.drosterone (But©nandt, 1951)

eight other ^f'-3p-stenols have been isolated from

urine, and pregnenolone from swine testes (Ruzicka

and prelog, 1943). Six of the urinary compounds:

^-aiidrostene-3P,17S-diol, z^-androetene-33,16a,lfr£-
triol, ,/f-pregne«e-3£ ,20a-dicl, A -pregnene-3(B17a-

s
diol-20-one, a -pregnene-3|3,16a ,20a-triol, and

&
A -pregnene-3fS,17«,2Qa-triol, were isolated by

Hirsehmann and Kirschmann (1950) from the urine of

a boy with adrenocortical carcinoma. Recently,

Iutauhlma et al.(19&4) have found A^'-androsten-
3£-ol-7,17-dione in normal and abnormal urines.

It will be noticed that none of these compounds

would reduce blue tetrazollum. The only urinary
g

a -3S-stenol with this property is 21-hydroxy-

pregnenolone, a steroid excreted by normal subjects

after ACTH administration, and by patients with

adrenal tumours (Dobrir.er et al., 1950). This

compound is said to be present in adrenal gland

extracts, but no experimental details are given

(Dobrlnor and Lleberman, 1952). It will be

recalled that direct comparison of the running

rates of this substance with our reducing material

has shown them to be different.

The significance of the presence of these

compounds/
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compounds in urine is by no means clear, the

commonly accepted opinion (Lieberman and Seich,

1953) is that they are metabolites of an inter¬

mediate - probably pregnenolone - in the bio¬

synthesis of the adrenal hormones, fhls opinion

Is substantiated by the knowledge recently acquired

about the role of pregnenolone as a precursor of

corticosteroids in the perfused adrenal gland.

The enzymic conversion of 4*-3§-stenols into

3-ketosteroids may take place in several endocrine

tissues; placenta, corpus luteum, testis, and

adrenal gland (Samuels et al., 1951). In adrenal

tumours there might be some difficulty for this

conversion to take place, the result being that the

generally accepted precursor,pregnenolone, would

accumulate and serve as substrate for other un¬

altered oxidizing systems such as those responsible

for the introduction of hydroxy1 groups at C-17 or

C-21. In view of the large amounts of ::?-3£-
stenols excreted by the patient studied by the

Hirschmann's, it is however difficult to accept

this failure in the conversion into a^-unsaturated

ketosteroids as the sole explanation. It is more

likely that the production of ^-3p-stenols by

the adrenal tumour is considerably increased as

well/
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well,

An alternative explanation to account for

the presence of this type of steroid in urine would

be to regard them as metabolic products of tae
4

adrenal hormones, however, the reduction of A -

3-ketoateroids to £5-3£-sfcenols has not been

demonstrated so far in any living system, and

therefor© the first hypothesis is more plausible,

f.a for the unidentified ketone Kg , whieh

might be considered to be a 16-ketoateroid on the

evidence of its infrared spectrum, very little

else can be added. Heard and McKay <1939} have

isolated androatan-3fJ•ol-1b-ore from pregnant

mare urine. If on further work the identity of

Kg as a 16-ketosterold could be confirmed, it

would be the first neutral steroid of its kind

to be isolated from human urine. Nothing is

virtually known about the significance of this

kind of steroid.

Summary

a) The ketonic fractions of extracts from boiled

male urine have been studied by means of

adsorption chromatography,

b) The isolation and identification of 3P-C1- /\5»
ardrosten/
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androsten-lT-one from one of the ketonic fractions

Is described.

c) The isolation and some properties of another un¬

identified ketone are reported. This ketone (Kg)

has ® melting point (uncorr.} of 177-181°C.
after three crystallizations from methanol; it

does not reduce blue tetrazoliumj no formalde¬

hyde is liberated after oxidation with periodic

acids the Zlmmermaxm reaction is negatives with

concentrated sulphuric acid an intense purple

colour with green fluorescence is produced. The

absorption spectra In the ultraviolet range in-
4

dicates that it is not a A-3-ketosteroid, On

the basis of the carbon and hydrogen analysis it

is assumed that Eg belongs to the group of C1£Pj

steroids. The evidence from the intrared

absorption spectrum is that Kg contains a hydroxy1

group and a ketonic group, the latter possibly

at C-16.

id) The significance of the urinary A -35-atenols,

found by other authors in large amounts in cases

of adrenal tumour, is discussed in connection

with th© findings reported her# and with the

probable identity of Xa.
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