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We have recently described (2) the essential
features of a physicochemical method for the
specific determination of aldosterone in body
fluids and tissues. This method has become of
special interest to clinical groups, particularly
for the determination in urine. In the meantime,
it has been possible to improve and simplify the
method over several hundred determinations, so
that it is now suitable, as a standardized procedure,
for use in routine clinical investigations of urine.
These reasons prompt us to publish the following
modified and detailed description, so that the deli-
cate procedure should be perfectly reproducible.
The method consists of three steps: 1. Hydroly-

sis and extraction of the urine, 2. paper chroma-
tography of the extracts with the help of two sol-
vent systems, in which the relative running rates
of aldosterone can be differentiated from those of
other corticosteroids, and 3. semiquantitative esti-
mation of the aldosterone.

MATERIALS

Methanol: distilled; Ethyl acetate: distilled.
Acetone: shaken with calcium chloride, filtered and dis-

tilled.
Chloroform: washed with water, shaken with calcium

chloride, filtered and distilled.
Toluene: emulsified three times with 0.07 vol. of conc.

sulphuric acid- at room temperature in a Vibro-mixer
for five minutes, separated, washed 5 times with 0.2
vol. of water to neutral, dried over phosphorus pen-
toxide and distilled in vacuo.

Light petroleum: distilled, fraction -with b.p. 50-70 C.
Formamide: Merck, chromatographic grade.
Whatman paper No. 1 (for preparative chromatogram):

extracted in a Soxhlet apparatus for 2 days with 95
per cent methanol and subsequently for 2 days with
chloroform.

Sudan III: saturated solution in hexane.
Alkaline blue tetrazolium solution: mixture of 10 parts

0.1 per cent aqueous solution of blue tetrazolium
(B.D.H., London) and 90 parts 2 N sodium hydroxide
solution; may be stored for 1 to 2 days.

1 Communication No. 138 "On Steroids." No. 137
compare (1).

Reference substances: The solutions of cortisone and
hydrocortisone in methanol should be stored (for not
longer than 2 weeks) in small tubes with a double
stopper, only the outer stopper being greased. Aldo-
sterone solutions are unnecessary.

METHOD

1. Urine sample

The urine is cooled and collected over a 24-
hour period with addition of about 10 ml. chloro-
form. If working up is not possible at once, the
urine is frozen and stored at about - 100 C. In
general, at least half of the urine collected during
24 hours should be used; if a high aldosterone
content is expected, correspondingly smaller
amounts will suffice.

2. Hydrolysis and extraction

The urine is acidified to pH 1.5 with conc. HC1
at 10 to 150 C. After standing for 24 hours at 15
to 200 C., the extraction is carried out in a sepa-
rating funnel fitted with a stirrer.

Thus, 1 vol. urine is stirred 4 times with 0.2
vol. chloroform for 15 to 20 minutes at room tem-
perature, in such a way that good mixing of the
two phases occurs without formation of emulsions
separable only by centrifuging. The combined
chloroform solutions (= 1 vol.) are washed first
with 0.05 vol. cold 0.1 N sodium hydroxide solu-
tion, then three times with 0.05 vol. water. The
washings are twice back extracted with 0.05 vol.
chloroform. All the chloroform solutions are now
combined, dried quickly over a small amount of
sodium sulphate, filtered, and evaporated in vacuo
not over 50° C. If a capillary-leak is used, this
should be with nitrogen. The residue is dissolved
in a little acetone, the solution filtered through a
small cotton-wool pad into a weighed test tube
and again evaporated in vacuo. This solution is
dried at 60° C. for about % hour in vacuo and
weighed.
On average, these extracts of 12 to 24-hour
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urine specimens weigh 10 to 60 mg., and are suit-
able for preparative paper chromatography with-
out further purification. Should the extracts in
special cases exceed this amount, they must be
first chromatographed on silica-gel, as described
earlier (2).

3. Preparative paper chromatography
One to five sheets of washed Whatman paper

No. 1 (see Figure 1) are drawn through a 30 per
cent solution of formamide in acetone, and allowed
to hang for 5 minutes from the upper edge. After
this time, the impregnated paper is ready to re-
ceive the chloroform extract. About 10 to 12 mg.
of this is dissolved in 0.1 ml. methanol-chloroform
(1: 1), and distributed in a line on each sheet, by
moving the micropipette backwards and forwards
evenly over the start line, keeping the outflow rate
as constant as possible. The test tube is rinsed
three times with 0.02 ml. solvent, and this solu-
tion also distributed over the sheets. A space of
3.5 cm. is left free in the midle of one of the sheets
where the reference substances, 10ug. of corti-
sone and hydrocortisone, respectively, in 0.2 per
cent methanol solution, are dropped on. Two to
five ul. of a solution of Sudan III may be dropped
on one end of the start line, this indicator moving
with the solvent front. The chromatograms are
developed by the descending technique at a con-
stant temperature (e.g., 20 to 220 C.) using chlo-
roform saturated with formamide (3). Paper
chromatographic practice must be assumed here,
and will not be described further. See e.g. the
general reviews of Cramer (4), and of Block,
Durrum, and Zweig (5), the papers of Zaffaroni
(3) and Bush (6), and the references given
therein. By the procedure outlined above, the
solvent front reaches the bottom in 2.5 to 3 hours.
The sheets are carefully removed from the trough
and allowed to dry, preferably overnight, at room
temperature and protected from light.

4. U.V. photocopying and evaluation

The chromatograms are notched on one side,
spread over photographic paper in the dark room
(Markham and Smith [7]), and illuminated at a
distance of 35 to 40 cm. by a U.V. lamp for 4 to 5
seconds, with the aid of a shutter on the underside
of the lamp housing (light source: GE Germicidal
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FIG. 1. DiAGRAM oF PAPER SHEET USED IN
CHROMATOGRAPHY

Lamp, 8 watt, without filter). The exposed photo-
graphic papers are developed, fixed, washed and
dried in the usual way.

In the formamide/chloroform system, aldoster-
one travels almost as far as cortisone. A line is
therefore drawn across the reference photo-copy
at the lower limit of the cortisone spot, and a
parallel one about 5 cm. above it. The location of
cortisone and aldosterone on the photo-copies of
the chromatograms without the reference sub-
stances can easily be established by comparison
with the first sheet. For this purpose the pattern
on the photo-copy formed by the accompanying
U.V.-absorbing material is very useful. For ex-
ample, there is often a strongly absorbing band
just ahead of the cortisone, but which has nothing
to do with either cortisone or aldosterone. The
chromatograms are now lined up with the corre-
sponding photo-copy, and the two lines traced
on the chromatograms. The bands thus marked,
containing as hormones only cortisone and aldo-
sterone, are cut out. The cortisone chromato-
graphed jointly as a reference substance does not
affect the determination since it is separated, to-
gether with the urine cortisone, from the aldo-
sterone in the following chromatogram.

5. Elution of the paper strips containing aldo-
sterone

a) The strips removed are cut up and shaken
with sufficient 20 per cent methanol in a glass-
stoppered round-bottomed flask to obtain a thick
pulp. After standing for half an hour at room
temperature, the solution is sucked through a
sintered glass filter into another flask and the
pulp residue slowly washed twice with methanol
and pressed out. The filtrate is concentrated in
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vacuo (below 600 C.) to about % of its volume
and shaken 3 times with half its resulting volume
of chloroform. The combined filtered chloro-
form solutions are evaporated in vacuo. The
acetone-soluble part of the residue is transferred
to a small test tube that has been weighed exactly
to 0.05 mg., and dried at 60 to 70° C. in high
vacuum for one-half to one hour, until all volatile
substances have been removed (e.g., formamide
from the chromatography), then weighed. At
this stage the extracts weigh about 0.5 to 4 mg.
per 12 to 24-hour urine volume.

b) A somewhat simpler elution procedure may
be used just as effectively. The paper strips cut-
out are attached singly in 5 cm. broad syphons 2
made of aluminum sheet and packed with glass
wool as shown in Figure 2a. The syphon is put
into a shallow dish filled with 80 per cent methanol.
Before the solvent front has reached the lower
edge of the paper strip, a three-cornered piece of
filter paper (Whatman No. 1), saturated with 80
per cent methanol, is hung on this to facilitate the
draining of the solvent (Figure 2b). For com-
plete elution, at least 15 ml. of solvent is allowed to
run off for at least half an hour into a small
round-bottomed flask, the whole being protected
from draughts. The eluate is then evaporated
in vacuo and taken up in a small quantity of ace-
tone, the soluble part being filtered through a
small cotton-wool pad into a weighed test-tube and
treated as described in a). In recovery experi-
ments it was found that by both methods about 90
and 95 per cent, respectively, out of 5 and 20 ,ug.
aldosterone on the paper could be eluted. When
it is necessary to elute several strips together,

2,2 em 2,6 cm

C6so | Paper foritution

a b

FIG. 2. DIAGRAM OF ALUMINUM SYPHON USED FOR
ELUTION

a-Side view.
b-Three-cornered paper tab saturated with 80 per

cent methanol attached to the end of the strip to facilitate
draining of the solvent.

2 Suggested by Miss M. L. Helmreich, Salt Lake City.

FIG. 3. DIAGRAM OF ARRANGEMENT OF PAPER STRIPS
EMPLOYED IN THE SEPARATION OF ALDOSTERONE BY THE
SECOND PAPER CHROMATOGRAPHY

method a) is preferable. The latter also gives
purer eluates, which may be advantageous in the
second chromatography.

6. Separation and estimation of aldosterone by the
second paper chromatography

From the extracts obtained above, 100,ug. and
500,ug., and also-if the amount of extract per-
mits or the low aldosterone content necessitates-
1,000 ,ug., are run by descending technique in
Bush's system C (6) parallel with 0.5, 1, 2, 3, and
5 ug. of hydrocortisone and 10 jug. cortisone.

Example. 1.7 mg. Extract (i.e., the eluate from the
first chromatogram) was dissolved in 85,l. methanol-
chloroform (1:1) and 5 and 25 ,ul., respectively (cor-
responding to 100 and 500,ug. substance) were dropped
on the start line of two adjacent paper strips (Whatman
No. 1, dimensions and setting out as in Figure 3). On
similar paper strips 5, 10, 2 X 10, and 3 X 10 IA. of a 0.01
per cent methanolic solution of hydrocortisone (corre-
sponding to 0.5, 1, 2, and 3 icg.) were dropped, as well
as 10A. of a 0.05 per cent solution of hydrocortisone
(corresponding to 5,ug.) and 10 ,ul. of a 0.1 per cent solu-
tion of cortisone. The strips were hung immediately in
the dry trough of the chromatography tank, well satu-
rated with the phases of Bush's solvent system C, and
equilibrated at the temperature at which the chromato-
gram is to be run (preferably 40° C.). The solvent
was then run into the trough. After the solvent front
had reached the lower edge of the paper (about 2 hrs.,
observed by means of a little Sudan dye running simul-
taneously), the strips were removed, and allowed to
dry for about an hour in air away from light.

For the evaluation of the chromatogram two
combined color reactions are used, one depending
on the reducing a-ketol side chain, the other on the
M4-3-ketone group in aldosterone. The strips are
quickly dipped in an alkaline solution of blue tetra-
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zolium contained in a well-filled shallow dish, then
with the aid of a glass rod laid directly on a white
opaque glass plate and evaluated within 5 minutes.
In a very short time, blue to violet spots appear
wherever there are reducing compounds. Aldo-
sterone separates readily from cortisone in Bush
system C, but runs at practically the same rate as
hydrocortisone from which it has, of course, al-
ready been separated in the preparative chromato-
gram. Therefore, a blue spot in the same position
as hydrocortisone on the second chromatogram
indicates, together with the sodium hydroxide
fluorescence (see -below), the presence of aldos-
terone. In the case of normal urine, the aldos-
terone content is so small (about 1 to 9 jg. per 24
hours) that usually a weak spot appears only in
the 500/pg. chromatogram, while in hyperaldos-
teronuria, distinct spots may be seen in the 100 ,ug.
chromatogram. The sensitivity limit of the blue
tetrazolium reaction of aldosterone is about 0.2 ,ug.
per cm.2 of the chromatogram. The aldosterone
spots, located above the cortisone spots, are visu-
ally correlated against the hydrocortisone spots.
(The slight differences between the sensitivities
of aldosterone, cortisone, and hydrocortisone are
insignificant for this semiquantitative estimation.)

After one-half to one hour, the strips are rap-
idly dried, hanging for 15 to 20 minutes in a dry-
ing oven at 90° C. in a weak draught, and then
observed in U.V. light from a mercury vapor lamp
fitted with a filter (max. radiation at 300 to
370 mM). In place of the blue formazan spots, a
yellow fluorescence is seen wherever A4-3-keto-
steroids are present. The spots drift somewhat
during the drying process, which does not, how-
ever, affect the visual estimation under the U.V.
lamp. The sensitivity of this soda-fluorescence
reaction depends on the drying conditions and is
optimally about 0.1 Mug. per cm.2 of the chromato-
gram. The same sensitivity can be obtained by
an appropriate drying procedure with an infra-
red lamp. The variation between this estimation
and that obtained with blue tetrazolium should
not be more than 50 per cent for low concentra-
tions, and not more than 30 per cent for higher
concentrations. If there is a comparatively large
discrepancy, the lower value only should be taken,
otherwise the mean of the two determinations.
Normally the values found by the soda fluorescence
are somewhat lower than those by the blue

tetrazolium reaction. By the use of both tests,
the standard deviation can be kept below - 20 per
cent for concentrations of 1 to 5 pg. per spot (2 to
3 cm.2).

Example

Reduction test
NaOH test
Mean value

Aldosterone evaluation from the
chromatograms containing

100 pg. 500 pg. extract

0.735pg. 4 jug. = 0.8%
0.5 pg. 3.5 pg. = 0.7%

= 0.75%

In this case the smallest margin of error was expected
from the 500 pAg. chromatograms, so the mean value from
these alone was used in the estimation. For 1.7 mg.
eluate from 900 ml. urine, this corresponds to 12.8 pg. per
900 ml., and with 1,150 ml. per 24 hours, to 15.4 pg. per 24
hours, or in round figures, to 15 pg. per 24 hours.

DISCUSSION

a) Hydrolysis and extraction

The aldosterone excreted with the urine is pres-
ent to a large extent in a bound state (2). On
the one hand the hydrolysis at pH 1 for 24 hours
(method d) has been shown (2) to release more
aldosterone than that at pH 1 for only about 30
to 60 minutes (method c) or with ,8-glucuronidase
(method b). On the other hand, free aldosterone
is not completely stable at pH 1 over 24 hours
(8). A small amount of aldosterone released by
method d may therefore be assumed to be
destroyed. A comparison of method c and d,
whereby free aldosterone was added to urine,
showed that with method d, 10 to 15 per cent
aldosterone is lost. Nevertheless, using a double
extraction, first by method c when practically no
aldosterone is destroyed (8, 9), then by method
d, the recovery of relatively small amounts of aldo-
sterone excreted with the urine was hardly any
better than with method d alone. The main bulk
of the aldosterone is, in fact, not extractable un-
der the inadequate hydrolytic conditions of method
c, but is liberated only in method d, and therefore
still exposed to the 24-hour-action of the acid.
Moreover, it seems likely that the bound form of
aldosterone is less affected by the acid than the
free hormone. Finally, the time-consuming double
extraction yields a larger amount of inert material
which requires more paper sheets for the pre-
parative chromatography, thereby causing addi-
tional losses (see below). For these reasons we
tuse only method d.

803



ROBERT NEHER AND ALBERT WETTSTEIN

b) Chromatography

The losses in the preparative paper chromatog-
raphy in formamide/chloroform (including the
elution) were investigated. Samples of 2 and
20,ujg. pure aldosterone added to 10 mg. each of
an aldosterone-free extract prepared by method d
from the urine of a patient with Addison's disease
were chromatographed and eluted. On average,
83 and 92 per cent, respectively, of aldosterone
were recovered. The losses caused by both chro-
matography and elution are thus more important
for low aldosterone concentrations than for higher
ones. This result implies that the loss also de-
pends on the number of sheets used. It is there-
fore advantageous in a series of experiments al-
ways to use the same number of sheets for the pre-
parative chromatography, i.e., as far as possible
the same urine equivalent per determination.

c) Total yield and reproducibility.
Five, 10 and 20,pg. aldosterone, respectively,

were added to 500-ml. amounts of normal urine.
The samples were frozen for 3 to 7 days, then
thawed and worked up by the present method,
two sheets of paper being used for each determina-
tion (quantity of extract 12.2 to 22.6 mg.). After
subtracting the aldosterone originally present in
the urine, averages of 68, 76 and 86 per cent, re-
spectively, of aldosterone were recovered depend-
ing on the amount added, the average thus being
75 per cent for this order of concentration. It
should be mentioned that seemingly small varia-
tions of method can in some cases diminish the
yield considerably. The reproducibility of the
determinations under carefully standardized con-
ditions was satisfactory, the standard deviation
being less than + 20 per cent. If the amounts of
aldosterone were very small, or when separate
estimations were carried out by different opera-
tors, the standard deviation was as high as ± 25
to 30 per cent.
The aldosterone extractable by the present

method is estimated accurately enough for clini-
cal purposes. However, the total aldosterone
content in the urine remains somewhat uncertain,
since the type of conjugation of aldosterone in the
urine, and the absolute effectiveness of the hy-
drolysis is not sufficiently known.

d) Results

In comparison with the biological test methods,
we have obtained slightly higher values. We as-
cribe this particularly to the possibility that in
biological testing of the extracts, even when chro-
matographed, unknown factors with antagonizing
activity are involved (10). In some cases this
assumption could be confirmed, as we were able,
despite low biological results, to isolate a high
amount of crystalline aldosterone that corre-
sponded to that found in the physicochemical test
(1, 11, 12). Moreover, Llaurado's very low re-
covery value of 20 per cent of the added aldo-
sterone (13), determined biologically, could be
eventually explained by such antagonistic sub-
stances. Finally it must be emphasized that we
consider the use of two different solvent systems
essential for the complete separation of the aldo-
sterone.
The aldosterone excreted by healthy adults and

determined by our method lies mostly between
1 to 9 ,ug. per 24 hours (14), or 0.5 to 6.5 pg. per
24 hours (15), as against 1.5 to 5 pg. (16) and
1 to 3 jug. (17) found in biological tests and with
slightly different extraction and chromatography
techniques. In 52 estimations in 16 persons who
were clinically quite normal the range was 0.5 to
12.5 ,ug. per 24 hours (P = 0.05). In this connec-
tion it must be remembered that aldosterone ex-
cretion is closely related to the water, sodium and
potassium intake, as well as to the renal and extra-
renal water excretion (18-20). If these are not
defined beforehand, it will be difficult to make a
clear distinction between normal and slightly raised
values.
The results obtained with this method in various

illnesses (14), for instance in congenital adreno-
genital syndrome (10), in cirrhosis of the liver
(21, 15), in hyperaldosteronuria, produced by a
potassium load or by perspiration (18), and in
postoperative patients (22), have been reported
in part elsewhere.

SUMMARY

A detailed description of a specific, physico-
chemical method for the determination of aldo-
sterone in the urine is given. Errors due to loss
and variation are discussed, as well as the possible
differences between the results using our method
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and those using biological test methods. Values
for urines of normal adults are given.
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