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Callow and others (1938) appear to be the first
to have produced a reasonably accurate method
for the estimation of 17-ketosteroids by means of
the Zimmermann reaction. The method is, how-
ever, somewhat laborious and time-consuming.
This work was followed by many papers in which
modifications in technique are described. Tomp-
sett and Oastler (1946) have reviewed the literature
and described a method which in comparison with
many others is comparatively simple and is suitable
for use in the busy hospital laboratory. In this
method, the ketosteroids are liberated by acid
hydrolysis and then extracted with ether, the final
result being obtained colorimetrically with the
Zimmermann reaction. This method gave essen-
tially the same results as that of Callow and others.
Tompsett and Oastler (1948) have examined the
neutral steroid fraction of human urine and used
acid hydrolysis coupled with simultaneous extrac-
tion with toluol to effect separation. It was found
that this method gave essentially the same results
for total 17-ketosteroids as the earlier method of
separation. It would appear that the nature of the
extractant and even possibly the exact time of
hydrolysis affects the true value of the total 17-
ketosteroids but little.
When applied to urinary extracts, the Zimmer-

mann reaction produces a purple colour with
20-ketosteroids-for example pregnanolones as
well as with 17-ketosteroids. Venning (1946) has
stated that pregnanolones produce only one-eighth
of the colour produced by a corresponding amount
of 17-ketosteroid. 20-Ketosteroids are only found
in appreciable quantities in pregnancy and possibly
in adrenal cortical tumour and hyperplasia (Tomp-
sett and Oastler, 1948; Tompsett, 1949). Tomp-
sett (1949) has described a technique by which the
presence of- 20-ketosteroids in appreciable quanti-
ties may be detected.
The greatest disadvantage of the Zimmermann

reaction is that in some cases an unspecific brown

colour is encountered. Many attempts have been
made to eliminate this or correct for it. The use
of corrections which involve readings from two
colour filters has been suggested. Elimination of
the brown interfering pigment may be achieved by
the use of Girard's reagent T, which forms water-
soluble derivatives with the ketone fraction of the
neutral steroids. By suspension in water and
extraction with ether, non-ketonic' materials are
removed. On treatment with hydrochloric acid,
free ketosteroids are liberated and may be extracted
with ether. It has been supposed that the materials
responsible for the unspecific brown cplours are
removed in the first ether extracts-that is, in the
non-ketonic fractions.
The writer has, however, noted that a brown,

coloured insoluble material is located in varying
amounts at the ether/aqueous interface, and he
believes that this is mainly responsible for the
unspecific brown colorations. Production of un-
specific brown colorations in the Zimmermann
reaction is much less frequent with ether than with
toluol extraction. Such brown colorations are
probably due to derivatives of insoluble soaps of
fatty acids which are the main constituents of the
brown scum that separates at the ether/aqueous
interface during the course of the Girard'T reagent
technique. The final colorimetric evaluation of
colour is most suitably carried out in the Spekker
absorptiometer. Visual inspection should always
be carried out. (The human eye is still one of
the best optical discriminating instruments, a fact
that is often forgotten in this mechanical age.)
The writer prefers to use Spekker green filter 5 to
llford Spectrum filter No. 604. The former per-
mits of more rapid readings and possesses similar
sensitivity.

Alcoholic solutions of the urinary steroids are
invariably coloured purple or yellow or inter-
mediate shades. The purple colour of the original
extract disappears during the production of the
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17-KETOSTEROID DETERMINATION

purple of the Zimmermann reaction, but the yellow
colours are unaffected. It is necessary to carry
out blanks.
The following is a detailed description of the

procedure now recommended for use in hospital
biochemical laboratories.

Procedure

REAGENTS
1. Concentrated hydrochloric acid (analar reagent).
2. Peroxide-free ether.
3. Ten per-cent aqueous sodium hydroxide.
4. Aldehyde-free absolute alcohol.-This is pre-

pared in the following way: 4 g. of m-phenylene-
diamine hydrochloride are added to 1 litre of com-
mercial absolute alcohol and the mixture is allowed
to stand in the dark for one week, with occasional
shaking. The alcohol is distilled in an all-glass
apparatus. The distilled alcohol should be preserved
in a dark bottle in a dark cupboard.

5. Twvo per cent m-dinitrobenzene in aldehyde-free
alcohol.-Even the best commercial specimens of m-

dinitrobenzene contain impurities which interfere seri-
ously with the final colour reaction. The best
commercial specimen should be purified in the
following way: 20 g. are dissolved in 750 ml. of 95
per cent ethyl alcohol in an 8-litre flask and warmed
to 40' C. Aqueous 2N-sodium hydroxide solution is
then added until there is no further increase in the
pink colour. After 5 minutes the solution is cooled
and about 2.5 litres of water are added rapidly and
the mixture stirred well. The precipitated m-dinitro-
benzene is collected on a Buchner funnel, washed
thoroughly with large quantities of water, and re-
crystallized twice in succession from about 120 ml.
and 80 ml. respectively of absolute alcohol. A mix-
ture of equal volumes of a 1 per cent alcoholic solu-
tion of m-dinitrobenzene with aqueous SN-potassium
hydroxide solution should develop no colour after
standing for 1 hour. For use a 2 per cent solution
in aldehyde-free absolute alcohol is prepared. The
solution should be preserved in the dark. (The purifi-
cation procedures described for absolute alcohol and
m-dinitrobenzene are those recommended by Callow
and others, 1938, 1939).

6. SN-potassium hydroxide (analar) in water.

7. Commercial absolute alcohol.
8. Glacial acetic acid.
9. Thirty per cent sodium hydroxide.

GLASSWARE
All glassware should be scrupulously clean. Appa-

ratus consists of: (1) 500-ml. glass-stoppered separa-

ting funnels, (2) 250-ml. and 1-litre conical flasks
(Pyrex), (3) 500-ml. beakers, (4) 50-ml. glass-stoppered
cylinder, and (5) Pyrex test tubes (130 x 15 mm.);
before use, these are cleaned with nitric acid and

chromic acid mixture, then washed with water fol-
lowed by absolute alcohol, and finally dried in an
oven.

TECHNIQUE
Preparation of Extract.-A twenty-four-hour speci-

men of urine is collected in a Winchester quart bottle
containing 10 ml. concentrated hydrochloric acid.
250 ml. are boiled gently with 25 ml. concentrated
hydrochloric acid in a litre conical flask over a bunsen
burner for 10 minutes. The flask and its contents are
then immediately cooled in a dish of running water,
and the hydrolysed urine is transferred to a 500-ml.
separating funnel where it is extracted three times
with 80-mi. portions of peroxide-free ether.
The pooled ether extracts are washed twice with

80-ml. portions of 10 per cent sodium hydroxide and-
twice with 80-ml. portions of water. The ether extract
is then evaporated to dryness in a 250-ml. conical
flask and heated in a hot-air oven at 100' C. for a few
minutes.
The dry steroid residue is dissolved in 0.5 ml. glacial

acetic acid, and 30 ml. of water added; 1 mL of 30 per
cent sodium hydroxide is added and the mixture trans-
ferred to a 50-ml. glass-stoppered cylinder. The
aqueous solution is extracted three times with 20-ml.
portions of peroxide-free ether. The ether layer
which is removed with a teat-pipette is transferred
to a 250-ml. conical flask. Care should be taken that
the brown amorphous material which settles at the
aqueous-ether interface is not disturbed in this pro-
cess. The ether extract is evaporated to dryness and
then heated in a hot-air oven at 100° C. for a few
minutes. Dried steroidal extracts appear to keep
indefinitely.

Colorimetric Estimation.-The colour is developed
in Pyrex test tubes (130 x 15 mm.) which must be
scrupulously clean. The dry steroidal extract is dis-
solved in 5 ml. aldehyde-free absolute alcohol. Three
tubes are required for an estimation:

1. Unknown.
0.2 ml. of alcohol solution of urinary steroids;
0.2 ml. of 2 per cent alcoholic solution of m-

dinitrobenzene;
0.2 ml. of 5N-aqueous potassium hydroxide.

2. Urine blank.
0.2 ml. alcohol solution of urinary steroids;
0.2 ml. of aldehyde-free alcohol-
0.2 ml. of SN-aqueous potassium hydroxide.

3. Reagent blank.
0.2 ml. aldehyde-free alcohol;
0.2 ml. of 2 per cent alcoholic solution of tin-

dinitrobenzene;
0.2 ml. of SN-aqueous potassium hydroxide.

The tubes are placed in a water-bath at a tempera-
ture of 25' C. for a period of 45 minutes and shielded
from direct light. After incubation 10 ml. of 67 per
cent aqueous alcohol (67 ml. absolute alcohol to 100
ml. with distilled water) are added to each and their
contents mixed. Absorption is measured in a Spekker
absorptiometer with Spekker green filters 5 in posi-

127

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.2.2.126 on 1 M
ay 1949. D

ow
nloaded from

 

http://jcp.bmj.com/
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tion. The small absorptions due to the urine -and
reagent blanks are deducted from the estimation (1)
and the quantity of 17-ketosteroid present read off
from a standard curve in terms of androsterone.

In the event of the urine containing more than
20 mg./litre, it will be necessary to dilute the alcoholic
extract further-for example, to 10 or 20 ml.

Standard Curves.-A suitable standard curve may be
prepared from 0.05, 0.10, 0.15, and 0.20 mg. andro-
sterone in 0.2 ml. alcoh}ol.

Dehydroisoandrosterone, when available, gives an
almost identical curve.

Oestrone, a phenolic 17-ketosteroid which is re-

moved from urinary extracts by the alkali treatment,
gives a similar curve. The colour with oestrone is
approximately 5 per cent greater than with a corre-

sponding amount of androsterone.

Resull

Recovery experiments are obviously of little
value in an investigation of this type. Results
obtained by the procedure described above have
been compared with those obtained after complete
Girard T reagent separation of the ketones from
an extract obtained after acid hydrolysis coupled
with simultaneous extraction with tuluol. As seen

from the Table the figures are similar.

Summary

A method is described for the determination of
the total neutral 17-ketosteroids in urine. It is

TABLE
cOMPARISON OF 1 7-KETOSTEROID VALUES OBTAINED B-Y
GIRARD T SEPARATION AND BY ETHE EXTRACTION

17-Ketosteroids (mg./day)
Urine sample

A B

1 3.4 3.8
2 11.6 11.1
3 13.7 12.4
4 13.3 14.5
5 19.2 20.4
6 19.5 19.5
7 19.8 20.4
8 21.7 23.6
9 29.0 28.0
10 35.0 37.5

A = Acid hydrolysis with simultaneous extraction with toluol;
ketones separated with Girard reagent T. B - Acid hydroly1s
followed by ether extraction.

suitable for the routine laboratory and includes a
procedure for the elimination of undesirable brown
colorations which sometimes interfere in the final
colorimetric evaluation.
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