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In 1925 Rogoff & Stewart showed that adrenalectomized
dogs and cals could be kept alive for a long time by the ad-
ministralion of AC-extract. This {inding was confirmed by
Hartman et al. (1928} and by Swingle & Pfiffner (1931).

In subsequent years Grollman & Firor (1933), Kendall et
al. (1933) and Winlersteiner & Pfiffner (1935) were succesful
in isolating several crystailine compounds from the AC of
cattle. The substances obtained were mixtures, but were suf-
ficiently pure to be identified as steroid hormones. The greatest
difficulty tered in the pri jon of the extract was the
removal from it of varions toxic impurities, especially ndre-
naline without diminishing its aclivity. In 1936, however,
Cartland & Kuizenga described a method for the large scale
preparation of AC-extract by the extraction of beef adrenals
with acetone. Affer a complicated purification process they
ultimately produced an extract, each ml. of which represented
40 gm. of adrenal gland and contained 0.6—1.0 mg of solids.
Dissolved in 09 per cent NaCl and 10 per cent ethanol and
kept at a ) ure of 4° C. it r d stable for at lenst
2 year Kuizenga (1843) found that extracts prepared from
pig adrenals possessed much higher hiological activity.

The pure crystalline AC-liormones have been isolated from
such extracts. Thus Kendall and co-workers isolated dehydro-
corticosterone and corticosterone in 1936. The Iatter substance
was atmost simultaneously isolated by Wintersteiner & Pfiff-
ner and by Reichstein. These investigators later isolated most
of the 28 different adrenal cortical steroids now known. Reich-
stein has heen particularly successful in this work, using
Girard’s reagents and subsequent chromatographic analysis.

THE CHEMICAL STRUCTURE
A to Reichstein & Sh (1943} all AC-steroids
hitherto isolated can be roughly divided into three groups ac-
cording to the number of carbon atoms, and it 1s found that
24 belong to the C,, group. 3 to the C,, group and one to the
C,, group The C,, group may be further subdivided by the
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REFERENCE TO THE URINARY EXCRETION
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During the last two decades interest has heen increasingly
focussed on the adrenal cortex and its special hormone pro-
duction, under normal as well as under pathological condi-
tions.

As far hach as 1855 Addison deseribed the typieal clinical
pmcture of adrenal cortical msufficiency, and locahized the site
of the disease One year later Brown Sequard carried out the
first experimental adrenaleclomtes; he found that the animals
died. but did not discover the real cause of this effect

It was not until 1913 that Biedl established that the adre-
nal cortex (AC), and not the medulla, is essential for the
maintenance of life, and that hormones other than adrenaline
are secreled in the adrenals As experimental animals he used
a species of fish in which the two components of the adrenal
arce separated.

Addison’s disease was first freated with adrenal cortieal
extract by Osler in 1896, but altempts to produce sufficiently
pure extracts an quantities to be of use climeally were only
suceesful many sears [ater.



3

dependent on certain features of the molecular structure, of
which the following may be emphasized:

1) the 3-keto- A*-group (called a a, f-unsaturafed hetone
group),

2) the 17-(8)-orientated side chain -CO.CH,OH,
3) the hydroxyl or ketone group attached at C,,.

The two former groups are present in all the physiological-
1y active AC steroids. A few compounds also contain 3), which
seems to be essential for the effect of the steroid on carbo-
hydraie and protein metaboli and on the far activity.

Fig. 1 shows the structural formulae of active cortico-
steroids so far isolated from AC extract. They have, however,
only a small fraction of the total activity found in the gland
concentrate. After crystallisation of thesc steroids, the so-
called amarphous fraction remains, which according to various
investigations, contains up to 80 to 90 per cent of the total
biological activity of the concentrate In addition to 11-de-
hydrocorticosterone Lowenstein & Zwemer (1946) have fur-
ther 1solated two i letely defined subst from con-
centrates of AC extract. The total hiological actnity of these
substances represent 80 per cent of the original extract. One of
the substances 15 claimed 1o be a ketonic steroxd having the
empirical formula C,H,,..4,O5 and yielding ascorbic acid
on mild anaerobic analysis. The substance had no specific bio-
logical effects, suggesting that 1s was not pure. Finally, Hart-
man et al. (1947) claim to have isolated, by chromatographic
adsorption, an AC steroid which has an effect on the deposi-
tion of fat in the liver during inanition. This substance has,
however, not been defimtely characterized.

In addition to the above mentioned steroids, several others
have been isolated which are biologically inactive and may
represent conversion products or precursors of the biologicaily
achive steroids; finally, 1t should not be forgotion that AC in
addition produces adrenosterone which has an androgenic ef-
fect, and aiso cestrone and progesterone.
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number of oxygen atoms present; the following groups have
been found: 8 (C,0,), 9 (C,0,), 5 (C,0,) and 2 (C,0,).
The adrenal cortical steroids all contain the fundamental
nuclear skeleion, i.e. the perhydrocyclopentenophenanthrene
ring system in common with the sterols, ile acids and sex
hormones. In the present paper only the six steroids from AC
which have a hormonal activity specific for this gltand and so
far identified will be mentioned in detail. They are all derived
from pregnane, which is a 17-cthyl derivative of ethiocholane.

A few features of the structure will be more fully discussed
as they are often of great signiftcance in the biological activity
of the compound.

The meihyt groups attached at C,, and C,, are alnays on
the same side (cis relation) and above the ring system, which
is considered to be in the plane of the paper. The bond from
the carbon atom to the substituent is then shown as a solid
Iine. It is customary to place the confignration of ail other
substituents in relation to the given methyl groups, so that
those lying on the same side as these are said to have the
(8) configuration, shown as a solid line, while those lying on
the opposite side of the lecule have the (@) configuration,
and are shown by a short broken lhine for the bond connecting
the substituent to the carbon atom. Ring A (Fig. 1) is un-
saturated between C, and C,, this is shown by tno solid lines
and frequently referred to jn formulae by A% the superseript
refers to the carbon atom from which the double hond origin-
ates. C,, and C,, are applied to the carbon atoms in the methyl
groups at C,, and C,,. The carhon atoms of the ethyl group
attached at C,; has been called C,, and C,,

Shioppee (1947), von Euw & Reichstein 11947), and Mason,
(1918),have estabhished the position of the various substiluents
in the molecule, 5o that we now know that the side chain of
C,, alnays has the (f) configuration. This also applies to the
hydroxyl group at C,,, if such be present, while the hydroxyl
group at C,, in the three compounds mentioned has the (a)
configuration .

The hormonal activily of AC steroids 1s apparently greatly
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The production of the extract and the subsequent 1solation
of the individual substances have shown that the hormane
content of AC is vory small. Thus Kendall (1942) made quan-
titative delerminations of 10 (iffersnt steroids in an extract
produced from 500 kg. of heef adrenals, and found amounts
of biologically active substances ranging from 100 to 300 mg.;
the amounts of desoxycorlicosterone {DOC) were however
negligible.

The preparation hy Stefger & Reichstein in 1937 of DOC
in sitro from the plant sterol, stigmasterol, was therefore an
smportant advance. Later a serles of the previously isolated
AC sierolds were synthehised including the active ;-
oxygenated substances with the exceplion of 17-hydroxycorti-
costerane The syntheses have been made cssentially from
desovycholane acid and cholesterol. They are all partial syn-
theses, since 1t has not yet been possible to synthelise the
steroid nucleus The basic material, therefore. must always
be the natural substamees possessing the typical sd-ring
systeme,

THE ADRENAL CORTICAL BORMONE

The finding of so many steroids with such different ac-
tivities in the adrenal cortex has given rise to a good deal of
discussion as to their true nature, with particular reference
1o the question. 1) whetlier there 15 one substance which 1s
the adrenal cartical hormone proper, or 2} whether AG forms
qualitatively dufferent hormones, as tn the case for the pi.
tutary gland. The histological structure of AC 15 not uniform
and this 1s m heeping with the lalter view  Most wnvestigators
are w favour of a dualistic siew, partly because of the great
difference between the effect of DOC and the C,,-oxygenated
corticosteraids, and also because of the many different de-
ficsency symploms which follows adrenalectomy, and which
cannot be ascrihed to the absence of any one of the hnown
steroids A few authors hase clamed that there are other
factors, e.g Hartmarn's sodmim factor aad permealthity £actor,
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hormones, especially as so much about this subject is still
obscure On the whole, it has been possible to attribute the
changes which follow adrenalectomy to disturbances mm the
carboliydrate metabolism (Boggild, 1925; Evans, 1941; Abelin,
1946; Jonas, 1946), protein metabolism (Long, 1942) and
electrolyte metabolism (Heni, 1947). This finding, togcther
with the results of experiments with the individual pure
crystalline steroids make it possible to group the biologically
active AC steroids as follows:

1) Corticosteroids with no oxygen attached at C,, having a
specific effect on water and electrolyte metabolism
‘These steroids may be called mineralo-corticoids. Desoxy-
corticosterone and perhaps the amorphous fraction be-
long to this group

II

Corticosteroids with oxygen attached at C,, having a
specific effect on protein and carbohydrate metabolism
They have been named: Glucocorticoids. Corticosterone,
11-dehydrocorticosterone and their 17-hydroxy derrvat-
ives belong to this group

1iI) Steroids having sex hormone actions, including the an-
drogens, the cestrogens and progesterone

This division nto groups aceording to the effects produced
is by no means absolute, but only express the most important
property of any given substance. Thus glucocorticoids also
have some effect on water and salt metabolism

BIOLOGICAL TESTS FOR THE DETERMINATION OF
THE CORTICOSTEORIDS
These may be listed as follows:
1) a) The life-maintenance test
in the dog. Swingle & Pfiffrer, 1932
n the rat Kutz, 1931,
Grollman & Firor, 1933
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but, like Kendall’s hfe-maintenance factor, these can ali
be fitted mto the dualistic theory.

Verzar, in particular, advocates the unitarian theory stres-
sing that DOC possesses all the properties of cortin. Against
this certain objections have been raised, 1) that DOC has only
a slight effect, or none at all, on carbohydrate metabolism,
2) that occasionally patients with Addison’s disease fail to
respond completely to DOC alone, when in combination with
AC-cxtraet it is effective, and 3) that there is some doubt.
whether DOC is actnally present in the body. The whole ques-
tion has been furlher complicated by recent studies which
show that the secretion of hormones m the adrenat cortex
i< much greafer than the amounts which can be isolated from
the glands. This suggests that the hormone is not stored in
the AC, but 1s being continuously synthetised from inactive
precursors and inunediately poured into the blood stream.
‘This 1s particularly shown by the 1nyestigations of Vogt (1943,
1944, 1947), who deterimned the hormone content in the
+enous blood from the adrenals of dogs and, in the course of
these studies, found that the 24-hour output of both adrenals
in a dog weighing 10 hg. corresponded to the hormone content
of 17 hg. of glands Vogt calculated that this amount cor-
responded to aboul 54 mg. of 11-dehydro-17-hydroxycortico-
steronce or 1000 times the total daily excretion of biologically
aclive substances 1a the human unine Similar values have heen
found by others, e. g by Qlson et al (1934) Al the same hime
it was established that cortin quiekly passes from the blood
stream into the tissues, ¢ven i nephrectomized and eviscerated
ammmals, Furthermore, 1t was shown that there was an jn-
ereased excretion of hormones from the adrenals following the
mjection into the animal of amounts of adrenaline simular to
those levels following splanchnic stimuniathon (68 pg. per
kg.). The increased excrehion oceurred rapidly and was of
very short duration.

It would be oulside the scope of this arlicle fo deal in
greater detail with the mode of action of the adrenal cortical
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IV) The test of the renal function in adrenalectomized dog

Pfiffner, Swingle & Vars, 1934.

The test of sodium retention in normal dog
Hartman et al., 1941,

The above test modified by use of radiosodium
Murphy & Dorfman, 1947,

The potassium excretion test in normal animals
West, 1942,

The test of icontraction of mel hores of the carp's |
scales

Giroud, Santa & Martinet, 1939.

Several tests which measure the increased resistance to
intoxications, poisoning and shock
Eversole, Gaunt & Kendall, 1942.
Perla & Gottesman, 1931,
Feil & Dorfman, 1945
Lewis & Page, 1946.
Elmadjian & Pincus, 1944.

Of all the tests mentioned above, only the carbohydrate
tests are according to the present findings specific 1 the
determination of a particular group of corticosteroids, viz.
the glucocorticoids, which constitute perhaps the most 1m-
portant fraction of cortin These steroids are also the most
potent in the muscular performance tests, but as some authors
have also found a DOC effect 1n experiments with these tests,
1t will be necessary to retain them in a special group In the
tests (I) and (IV) the activity of all the known biclogically
active corticosteroids are shown. The tests most commonly
used have been: Id, ITa, Illa and b.

The cold test 1s based on the great sensitivity to cold of
adrenalectomized rats, and the ability of the AC hormones
to increase the resistance of these ammals under such condi-
tions, the prolonged survival observed after injection of the
hormones being used as a criterion of the effect. It 1s clmmed
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b) The life-maintenance and growth test
Cartland & Kuizenga, 1936.
Kuizenga, 1943.

¢} The growth test
Grollman, 1941,

d) The cold test
Selye & Schenker, 1938.
The cold test modified
Tyslowitz & Aslwood, 1942,
Ross, 1943.

II) Carbohydrate tests (which measure the glucocorticoids):

a) The liver glycogen deposition tests
Reinecke & Kendall, 1942,
Olson et al., 1944,
Eggleston et al., 1946.
Dorfman et al, 1946 a.
Venning et al., 1916.
b) The diabetogenic test on intact rats
Ingle, 1941,
c) The diabetogenic test on partially pancrealectomized

rats Ingle, 1941.

d) The antransulin fest
Grattan & Jensen, 1940.

I11) The muscular performance tests:
a) The muscular work test of
Lverse & de Fremery, 1932

b} The muscular worh test of
Ingle, 1938, 1944

¢) The swimming test
Gaarenstroom et al, 1937.
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Fry (1940) observed that the injection of AC extract into
mice brought about a very high deposition of glycogen in the
Iiver, and on the basis of this finding, two methods were de-
veloped in 1946, one by Venning, Kazmin & Bell, the other
by Eggleston, Johnston & Dobriner. In both methods adrenal-
ectomized mice are used, the experiment starting on the 4th
postoperative day. In the former method the livers of the mice
are depleted of glycogen by a preceding fast; in order to obtain
a greater sensitivity, glucose is administered fogether with the
hormone. The dose of glucose should be such as not to cause
any deposition of glycogen in the liver when adminisfered
alone. The total dose of the extract is given in 7 mnjections
spread over 5% hours One hour later the liver is removed
and the glycogen content determined. The results are expressed
in mg. of glycogen per 100 gm. of body weight. The assay is
performed using 11-dehydro-17-hydroxycorticosterone as a
standard. The biological activity of 1 pg. of this substance
= 1 glycogenic unit. In the latter method the experiment is
started with a certain level of glycogen in the liver, which 1s
achieved either by injecting a certain amount of AC extract
on the third postoperative day or by not removing the food
until immediately before the first injection of the experiment
In this method the ability of the hormone to maintain the
glycogen level is determined, while in the former method the
ability of the hormone to produce deposits of glycogen in the
Iiver is determined

Both methods are considerably more sensitive (at least
50 times) than the original method described by Rewecke &
Kendall, and it 1s thus pessible to determine the small amounts
of active substances present mn urinary extracts In the ex-
periment there 1s some individual vanation to the response,
which 15, however, not so great as to prevent fairly uniform
results being obtamed by the use of 6 to 10 animals 1 each
experiment. Thayer (1946), using rats, found an error of + 20
per cent in the assay, and stated this 1s somewhat higher in
experiments with mice.

A number of findings have been published on the relative

Acta endocnnol Vol 2 1 6
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to be the most sensitive of the tests, allowing of the determina-
tion of as little as 10 pg. of corticosterone. Most investigators
find, however, that animals vary greatly in sensitivity from
day to day, and the individual results of each experiment show
a great dispersion; a large number of animals and much ex-
tract are required, and it is advisable 1o use a standard dose
in each assay. Dorfman et al. (1946b) were able to de-
monstrate the effect of 0.05 ml of AC extract. Extract from
the urine of male subjects were found to be active in doses
corresponding fo 15 to 40 ml. of urine, but in the case of
larger doses there was a stecp decline in the log dose-response
curve, suggesting that a toxic factor was involved which fur-
ther restricts the practical application of this method. The
present studies show that this method would be even less
satisfactory for the routine determinations of the urinary ex-
cretion of corticosteroads. In the cold test all the cortico-
steroids which have a life maintaining effect on adrenal-
cctomized animals are assayed.

The liver glycogen deposition tests arc in principle hased
on the mnability of the fasting adrenalectomized animal to
form carbohydrate from protein, while at the same time the
oxydation of carbohydrate in the peripheral tissue is ac-
celerated, resulting in a depletion of the glycogen depots,
especially those of the liver,

As far back as 1932 Britton & Silvette showed that AC
extract was able to restore the blood sugar and the liver and
muscle glycogen depots But it was only i 1042 that Reinecke
& Kendall developed a methad for the quantitative determina-
tion of the AC hormone, which was based on this effect. Olson
et al. modified this method in 1944 These investigators showed
that the hormone is best given in saline or 1n 10 per cent
aleoliol, and that the injection in an oilly medium gase only
a 50 per cent utilisation of the hormone or extract Rals were
used 1n these methods of standardisation, which were, how-
ever, partly abandoned, because their sensitinaty was not suf-
fictently great for the determination of the small amounts of
actie substances normally present in urine Long, Katzin &
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reduced in certam pathological conditions, and that it may
undergo physiotogical 1aviations {Groffman & Firor, 3933
Anderson & Haymaker, 1937, 1938; Weil & Browne, 1939,
1946, 1914; Dorfman et al., 1942, 1043; Horwitl et al., 1943;
Schiller et al , 1843 Shipley el al,, 1943}, 4n examination of
the available hiterature shows that these pioneer studies give
only few numeneal data on the amounts excreted, and that
the investigations hase only been carried out on a few subjeets.
With the adoption of the various chemical methods for the
a tion of these suk in the urine, however, find-
ings in a Iarge number of subjects have been reported during
the last {ive years, especially in America. These included nor
mal subjects as well as subjects with pathological conditions,
and these studies suggest that the delermmation of the urinary
excretion gives a fairly aceurate wndication of the adrenal cor-
ticaf secretion of corficoslerawds Vogt's studhes n parficufar
have shown that only a small proportion of the amount ac-
{ually produced 1s excreted m an actne form, so that the
amount exereted gives only a rough indication of the amount
produced Furthermore it should be stressed 1) that we do
not, as yel, know all the detasls about the structure of the
brolegically actine corticosteroid-ltke substances in the form in
which they oceur in the unine (Lieberman e af , 1947, Mason
& Sprague, 1848), and 2) that m the determinnotions of the
hormone by chemucal methods the values obtained will ofte
be too bigh as various inactive sterowds are probably inc!udcls‘\

Preparation of the urine extract

It biologieal tests the purity of the final extract need not
be particularly high, as the assay will be unsatisfactory only
i the preparztion 1s toue o animals. While beang collected
the unne should, therefore, he stored 1 a cool place or be
treated with chloroform as preservative Affer completion of
the collection, extraction should be done withwn 48 hours,
otherwise the urnme should be frozen. m which stale it will
probably keep for a very tong time In the case of a high utre
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activity of the various crystalline corticosteroids, e. g. hy Olsen
et al. (1914), Pabst et al. (1047) and Dorfman et al. (1916a).
Most investigators find only a slight difference between the
activity of corticosterone and its 11-dehydro derivative, while
11-dehydro-17-hydroxycorticosterone is two or three times so
potent. The log dose-response curves of these substances are
parallel, and it is interesting to note that the curve for urinary
extracts has a similar slope, so that in fact they can all be
used as standards. The 17-hydroxycorticosterone is the most
active, but it differs somewhat from the others, and this is
seen clearly by comparing the log dose-response curves, which
is very steep for the latter substance. It has heen suggested
that the oxygenation at C,, is of special significance in this
connection. It should be mentioned that 17-hydroxycortico-
sterone was also found most active in the work test (Ingle,
1944; Ingle & Knizenga, 1945; Pabst et al, 1947), and in the
anti-insulin test (Grattan & Jenser, 1940).

When preparing AC extracts for chinical use 1t is important
that they should contain a certain amount of the two groups
of corticosteroids Unfortunately no specific test for the de-
termination of the mincralocorticoids is at present available,
and hence 1t is necessary to use one of the tests in group I
and the sodium retention test of Hartman ef al., 1n addition
it would secin desirable, as stressed by Thayer (1946), to test
the activity of the glucocorticoids, since their content varies
much more than that of the other factors.

THE URINARY EXCRLETION OF CORTICOSTEROIDS

Normally the blood content of corticosteroids 1s <o small as
not to be demonstrable even with the most sensitine methods
In 1931, however, Perla & Marmorston-Gotlesinann showed
that a henzene extract from urine was able to increase the
resistance of the adrenalectomized rat to histamine poisoning
This discorery was followed in the next few years by a large
number of publications which showed that cortin 1s normally
excreted in the urine, that its excrelion may be increased or
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Thompsett & Oastler {1947), however, found only stightly
higher, but constont values when the partition between ben-
zene and water was omitted. Talbot et ol. san the four C,;-
oxygenated corticosteroids through all ibe ahove procedures
and obtained an average of 91 per cent in the ketonic fraction.
Furthermore they showed that the more oxygenated biologic-
ally active corticosteroids passed itatively into the waler
while corticosterone and s 1i-dehydro derivative was re-
moved incompletely. DOC remains entirely in the benzene. By
ological assay of the hetonic fraction, Venning ef al. found
an activity approaching that which ene would expect in the
case of a pure crystalline glucecorticout; but as has already
Deen noted, the chermweat determination will often give stightly
higher values.

Chemical methods for the determinafion of the corticosteroid-
like substances in urine.

1. Fieser, Fields & Lieberman (1944) assayed certain sterowds
in the unme by means of the periodic acid oxadation Teacs
tion. In 1945 Dobriner et al showed, hovwever, that the me-
thod was unreliable {or assaying the corticostercids.

2. Lowenstein, Corcoran & Page {1946} smodificd the method,
antrodueng a quantitative measarement of fhe formalde-
hyde ltherated by the oxidation by which procedure 1 mot
per ox ted mol of car is obtained Oxygena-
tion tahes place at the primary alecholic group at C,,

3 Daughadap, Joffe & Williams (1048} were able to use the
method for the determmation of the pure crystalline cor-
tweosteroids, but this method conld nat be applied to un-
nary extracts These authors therefore introduced a distil-
tation procedure, which ehminated the unspecific coloured
substances present wn the urine To the destiliate schromo-
tropic acid reagent« is added and the colour developed is
compared colorimetrically with that obtained with known
solutions of formaldehyde. Corfin 1s used as standard
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a 24-hour urine specimen is sufficient, otherwise a specimen
collected over 48 hours is necessary. The urine is acidified to
py 1 with H,80,, and it is then possible according to Venning
et al. (1946) to extract an amount of biologically active ma-
terial which is about twice that obtained for untreated urine.
Extraction is carried out with ethylene dichloride or chloro-
form, ¥ vol. three times. The extract is evaporated in vacuo,
and the temperature should never exceed 40-—50° C, as the
active substances are rather labile. The residue is taken up in
chloroform, which is extracted with N/10 NaOH and water. It
is then evaporated to dryness and stored in the cold (—10° )
until the day of assay.

If the extract is to be used for the chemical determination
of the corticosteroids, essentially the same procedure may be
used, or chloroform-cther (1:4) may be used as the means of
extraction (Heard el al., 1946); since, however, the chemical
methods most commonly used depend on the reducing power
of one or more substituents in the molecule, it is necessary to
carry out the extraction very carefully, to avoid all other re-
ducing substances which might influence the results, and only
use very clean glassware and very pure reagents. Usually much
smaller amounts of urine will be sufficient. The ehemical
assay may be carried out on tlie crude extract, but with this
procedure there is a risk that the values obtained may be too
high, one possible reason for this 1s the presence of non-he-
tonic reducing substances.

For a further purnification of the extracts the proccdure
described by Venning et al (1914), and later, by Talbot et al.
(1945) may be used-

Solution of the dry erude extract in benzene,

extraction of the benzene with water several times,

extrachion of the water fraction with chloroform, removal of
the chleroform by cvaporation,

partition of the residue with Girard’s reagent T into the ke-
tonic and non-hetonic material,

chemical determination of the ketomie fraction.

These procedures are fairly elaborate and time consuming
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In many eases a chemical determination will undoubtedt
he sufficient, but since the values oblained may, under cer~
tain eirgnmstances, be teo high, a simultaneous biologicat
determmation would 5t present seem desirable. The twao last
mentioned chemical methods 44, and 5.) are those whick harve
been most commonly used, but it s difficult to venture an
opinton as to the specificity of the methods before knowing
which radicals take part in the chewical reaction,

1t shoufd he peinied out that in the delermination of the
neutral 17-hetostercids in the urine, the biologieatly active
cor SR st are not included
Urinary ¢xeretion in pormal subjects.

In 1848 Venning & Kazmin yeported the resuits of investi-
gations made on a large number of normal subjects, in whem
the amount viereted was determined bialogically By means of
their liver glyeogen deposiiion test. The resulls are showrt in
table 1.

Taole 4,
The figures in brackels befaw the results give the average resuli.

Lowen-
Veuntng et of { Heard et ak | stein Falpor
et gl et al
:’yazvrwfmwm Unit DAC fraotn) Tl Cor-| ot thdhs-

Lyatre) | dpacartivavies
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P a4 -4
Nermal women ! BB 5 o

S ; i

(‘hlldrenﬁa;car 30 i :

“l |

5 -1 53 {

¢ - 56 . 608 |

It 15 secq thak ¥he values far women are ashout one-thied
lower than those for men Furthermore, it 15 interesting to
note that while excretion at birth is very low, it rises fairly
rapidly to repch the aduli Jesel at the 51h year, in contrast to
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4. Talbot, Saltzman, Wirom & Wolfe (1945) used Nelson's
modification of Folin & Wu’s method for the determination
of blood sugar to assay substances in the urine which are
believed to correspond to those corlicosterords which have
a ketonic or hydrosyl group at C,,, and which have a sugar-
like or ketolic side chain and a hydroayl group at €, The
reaction is dependent on a reduction of cupric ion fo a
cuprous jon, which in turn reduces the arseno molyhdic
acid and develops a blue colour which is measured photo-
metrically at 660 mu. Amounts as low as 18 pg. can be
measured. Corticosterone is used as a standard.

5. Heard, Sobel & Venning (1946} developed a method which
is based on the glucose-like reducing property of the pri-
mary a-hetal side cham at €, and of the unsaturated a, §-
3-keto group The authors called these substances: »The
neutral lipide-soluble substances of urinee. For the defer-
mination of the reduction property, Folin & Wu's phospho-
molybdic acid reagent is used. The blue colour which deve-
fops 15 read 1 a pholometer at 650 my The resulls are
expressed in terms of mg. DOC, which is used as standard

Evaluation of methads for the determination of carticosteroids
in the urine

It is difficult to decrde which of the metheds described grves
the fullest and mast reliable information alout the function of
the adrenal cortex which, as already mentioned, possesses o
sariety of funchions There are good reasons for using the
Iner ghycogen deposstion test, sinee with this method we can
weasure substances of speerfte and gh bological actisity,
which wnr all probability onginate only in the adrenal cortex
Besides, they conshitute what s perhaps the most important
fraction of the corticosteronts and are of great imporiance to
the organism e g for proten zad carbohydrale metabohsm,
for muscular activily and possthly other processes necessary
for the maintenance of hfe, Morcoser 1t wonld seem that they
are essentind for the resitance to »stresse and other external
influences.
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diers before and after marching, found a three-fold rise in
the glucocerticoidal activity.

Pregnancy.

While no variation m excretion has been found during the
menstrual cycle, Venning (1046), in studies on 9 pregnont
women. found a moderate rise in the values in the first third
of pregnancy, follawed by a return fo normal values. From
about the 150th day the values risc agamn and may allain a
very high lesel. A simultaneous determination of the 17-kelo-
steroids showed only a very small, or no, rise. Tobian Jr.
{1948} assayed the urinary excretion by means of the method
devised by Lowenstein et al. and found values in normal preg-~
naney twice the normal, while the values rise furthermare in
case of twins, toxemia and hypertension.

THE EXCRETION IN THE URINE IN PATHOLOGICAL
CONDITIONS

Hypofunction of the adrenal gorfex.

This, as is well known, may be eaused hy s lesion in the
adrenal cortex, due frequently fo tuberculosis, but may alse
be produced by a lesion in the anterior lobe of the pituitary
gland and possmibly in the hypothalamus, bringwg about o
reduced production of the corticotrophie hormone, which re-
sults in atrophy of the adrenal cortex In Addison’s disease
low values are generally found, even though a few patients in
good general health wall sho“ \a\ues withun the normal limits,
In AC-insufficiency with a hypoph, tiology, very fow
values are almost atways found. tHence the determination of
the corticostererds can be used to differentiate this condition
from anorexia nervosa, in which the excretion 15 normal,

Reduced values are also frequently found n hypofunction
of the thyroid gland In these cases there 1s a farly gaod
agreement with the cxeretion of 17-hetosterowds
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the 17-ketosteroid excretion, which only reaches correspond-
ingly high levels much later in hfe (Hamburger, 1948).

For comparison the resulis in a number of normal sub-
jects tested by Heard, Sobel & Venning (1946) by means of
their chemical method are shown in the table. Here too the
average values for the two sexes show a clear difference, The
figures in children are somewhat lower than those found by
the biological method. It should, however, be emphasized that
only a few urines from children have been assayed and, that
the chemical method possibly assays other steroids in addi-
tion to the glucocorticoids.

Finally, the values obtained by Talbot ef al. (1947) and by
Lowenstein et al. (1946) by their respective chemical methods
have becn given. They found no difference between the two
sexes. Shipley et al. (1946) studied the urine of 7 normal sub-
jects with the cold test and obtained values corresponding to
0.5—1.8 mg. of 1l-dehydrocorticosterone in 24 hours, while
in twelve subjects tested with the liver glycogen test, they
found amounts corresponding to 0.2—0.8 mg. of 1I1-dehydro-
corticosterone. The cold test 1s not comparable to the glycogen
test, since it is possible that other corticosteroids may have an
effect on 1t The values are not directly comparable to those
obtained by Vennng et al (1946), heecause they used another
standard, viz. 11-dehydro-17-hydroxycorlicosterone. Finally it
should be observed that the urine was extracted at p, 5.5—
6.5,

Duurnal fluctuations

It has recently been shown that the excretion is at 1ts lowest
level during sleep, 1. e in the morming urine, and that it is
Iigher in the forenoon than n the afternoon (Pincus, 1917 a;
Talbot et al., 1947}

Stress.

A number of studies (Venning et al., 1916, Browne ¢! al,
1047; Pincus, 1947 b) have been performed showing that the
excrelion rises afler evertion or other »stresse. Thus Venmny
et al., by ¢ i the urme obtained from a group of sol-
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naw seem to indrcate that the corticosternid determination is
of no real significance,

In tahle 2, an attempt has Leen made to list the significant
values so far oblained; the scallered results on individual

Table 2

The f1gures 1 brackets above the results show the total number
of subjects examined
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LY ¢ S| - TR, T
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< A T
tursuttsm e 1@
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subjects found in the literature have been left out. Some -
] s have subdivided the adr ital syndrome; this
subdivision is, however, owitled from the table, which s h-
mited to the excretion of corticosteroids,

Simple birsutisme has been included, being undoubtedly
a border bine pathological hition (cf monosy ti
forms).
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Hyperfunction of the adrenal cortex.

Increased excretion of corticosteroids is found in cases in
which pecific pathological changes are present. They can
all be correlated with Selye’s theories on the adaptation syn-
drome. These conditions include infections, operations, burns
and other serious injuries to the body (Shipley et al., 1946;
Browne & Venning, 1947). The excretion generally rises ra-
pidly, most frequently within the first 24 hours, and the rise
may persist for a tery long time, not uncommonly until
healing is complete. Thus, Talbot et al. (1947) found that
with an extensive burn there were high values which per-
sisted for as long time as 2 months. In these cases the ex-
crétion of 17-ketosteroids is usually normal.

Among the diseases involving hyperfunction of the adrenal
cortex, two distinet types may be differentiated, viz. Cushing’s
syndrome and the adrenogenital syndrome (Cahill, 1944;
Dahl-Iversen & Hojensgaard, 1947; Wilkins, 1948; Soffer,
1948). There are, in addition many types transitional between
the two and, as emphasized particularly by Kepler, types of
the diseasc in which only one symptom is present The studies
of Venning et al (1947) suggest that in Cushing’s syndrome,
an overproduction of the glucocorticoids is the decisive factor.
They found a greatly increased excretion of these steroids,
while the excretion of 17-ketosteroids was normal or slightly
mcreased. Studies on a large number of subjects are, however,
required in order to confirm these findings. In the adrenoge-
nital syndrome the position seems to be the reverse, which is
1 agreement with the hypothesis that the decisive factor here
1s a greatly increased production of steroids with an andro-
genic effect; high 17-ketosteroid values but normal or shghtly
nereased corticosteroid values are thus found (Dobriner et al.
1942, Patterson et al., 1942, Callow & Crooke, 1944, Mason &
Kepler, 1945, Venning, 1048; Wilkins, 1948)

Another problem of great practical sigmificance in clinical
medicine, is the differentiation between tnmour and hyper-
plasia of the adrenal cortex The studies carried out up til
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now sepm to indicate that {he corticosteroid determimation i
of no real significance.

In table 2, an attempt has heen made to tist the sigmficant
safues so far obtained; the scattered results on individual

Table 3

"The figures 11 brackets aboie the resuils show the tolal number
of subiects examned
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From the Hormone Department of the State Serum Institute,
Copenhagen.

INVESTIGATIONS ON THE CHEMICAL
DETERMINATION OF CORTICOIDS IN URINE

BY
MOGEMNS SPRECHLER

Numerous steroids have been 1solated from human unne in
vecent years and thewr structure is now to a great exlent
established. Some of them are derived from the gonads but
most of them are prehably metaholites of the sterord hormones
elaborated by the adrenal cortex. These include the biologic-
ally active corticoids (glucocerticods with a specilic effect on
protein and carbohydrate metabolism, and mineralocorticoids
with a specific effect on water and eleelrolyle metabolism),
androgens, oestrogens and progesterone, In addition to these,
however, there are a large number of biclogeally mactive ste-
roids closely related to the above mentioned groups.

Up to quite recently the chemical nature of the buologically
active substances 1w the urine, especially the sa-called gluco-
corficoids, was unknown. In 1948 Mason el al., howeser, iso-
fated large of 17-hydroxycerti w the urine
from a patient suffering from Cushing’s syndrome and recently
Schneider {1950) 1olated 55.3 mg. 17-hydroxy-11-dehydro-
corticosterone (cortisone) from 1000 hires of normal male
urme The excretion per 24 hoars was caleulated to be of the
order of 82 ug

Various biotogieal as well as ch ! thods have been
proposed for the quantitative deternunation of the urinary
corticoids (reviewed by Sprechler, 1919). In practice the most

Acta endacrinol Vol IV NI u
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useful biological tests are those based on the capacity of the
glucocorticoids to cause glycogen deposition in the liver of the
fasting adrenalectomized animal. In this respect the method
of Venning et al. (1946) appears to be one of the most sen-
sitive.

Two types of chemical methods have been worhed out. One
of these is based on the reducing property of the a-ketol side
chain at C,, for the cupric fon (Talbot et al., 1945) and for
phosphomolybic acid (Heard & Sobel, 1946). The last-men-
tioned reagent also reacts with the a, S-unsaturated keto group
at C,. These two groupings are always present in the molecule
of the typical biologically active corticoids. The other type of
method (L tein el al., 1946, D haday et al., 1948) de-
pends on the measurement of the formaldehyde released on
periodic oxidation of the primary a-ketol grouping at C,. In
addilion, howesver, formaldehyde can also be produced from
steroids hydroxylated at C,,.

OWN INVESTIGATIONS

The aim of the present study was to re-cxamine the existing
chemical methods for the determination of urmary corticoids.

At first the most simple method devised by Heard, Sobel &
Venmng (1946) was explored. More than 500 analyses were
carried out in the course of one year. Several of these were per-
formed 1n duplicate, and after some practice a good agreement
was obtained between the two assays Inseveral cases, however,
different coloured substances passed from the urine into the
Iipoid solvent and interfered with the blue colour mn the colori-
metric assay. It has not been possible to obtain a correction
for this unspeeific colour. Furthermore very large day to day
variations were found 1n the results of analyses carried out
on hospital specimens from patients kept under uniform con-
ditions 1n medical departments This must have been due to
unspecific reducing substances and was not found when using
a method which will be described later Heard, Sobel & Ven-
ning (1946) suggested tn an addendum to their paper that
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special precaulions must be taken during the collection of
urine in order to avoid ination. This is impr ble if
a large number of analyses have fo be performed by routine
procedure and as i was not possible to obtain rchable estima-
fions, especially for routine purposes the method was aban-
doned.

Subsequently the method of Talbot ¢t al. {1945) was in-
vestigated. In this troubt and time- ing method a
thorough fractionation of the crude uninary extract is neces-
sary before the final colorimetric assay. In all the experiments,
howerer, insuperable difficulties were encountered in the final
chemical procedure. b of precipitation in, and clondi
of, the reaction mixture. Some investigators have suggested
that these insoluble substances should be extracted by shaking
with ether, but this was found quite unsuitable as it gave un-
reliable results 1 coutrol assays. Heard & Sobel (1946} ob-
served the same difficulties and asenbed them to extreme 1n-
solubility of most sterords in the aqueous alkaline copper solu-
tion. The same investigators also stated that a benzene-water
partition 1s not specific for the glucocorticoids as suggested by
Talbof ef al , who found that 17-hydroxycorticosterone and 17-
hydroxy-11-dehydrocorticosterone were recovered quantita-
tively from the aqueous phase, while corticosterone and 11-
dehydrocorticosterone remain mostly in the benzene (57 and
71 per cent respectively}. Heard and Sobel also stated that an
11-desoxy-compound, A‘-pregnene-17, 20, 21-triol-3-one, is re-
covered in water.

The method based on the formaldehyde Liberating power
on the pertodic oxidation could not be examined here as we
were unable to obtain the necessary reagents The resulls men~
tonied above led us to base the chemical assay on the prin-
ciples deseribed by Heard & Sobel but in order to get a higher
speaificity in the determinalion, we have performed a further
frachionation of fhe total neviral wnnary exiract as proposed
by Talbot ef al Girard’s reagent T has been used for this pur-

pose The various steps in the procedure have been critically
studied, and the results of these experiments are given below

e
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REAGENTS
Sodium hydroxide, sulphuric acid, glacial acetic acid and
anlydrous sodium sulphate are all analytical reagents.
Chloroform (Ph. Dan.) is freshly redistilled.
Girard's reagent T (Ciba) must be kept in a dessicator or in
ampoules.
Phosphomolybdic acid solution (Folin & Wu, 1920): 35 gm.
molybdic acid and 5 gm. sodium tungstate are dissolied in
200 ml. 10 per cent sodium hydroxide and 200 ml. of
distilled water are added. In order fo remove the ammonia it
is boiled vigorously for 20--40 minutes. After cooling and di-
lution to 350 ml. with distilled water 125 ml. of concentrated
phosphorie acid are added Finally the solution 1s diluted to
500 ml, with distilled water.
Phosphomolybdic acid reagent (Heard & Sobel, 1946) : Imme-
diately before use, the reagent is made by mixing equal parts
of the above-mentioned phosphomolybdic acid solution and
glacial acetic acad.
Molybdic acid is prepared as follows: A thin layer of ammo-
mum molybdate is placed in a pyrex glass tube of lugh melting
point, throngh which a stream of oxygen 15 passed. On inten-
sive heating the ammomum molybdate 1s transformed mito
needles and into leases of molybdic trioxide (Mo,0,). By the
use of this techni 1t has been T ble to obtain a reagent
that 1s stable for a long time when kept in the cold and 1n
the dark.

Several reducing substances react with the phosphomolyh-
dic neid and 1t 1s, therefore, essential to take every precaution
when performing the analyses The lubricants used must be
controlled The glass-ware must be cleaned by washing with
waler, alcoliol and ether. All dishillations must be carried out
in all-glass apparatus Last but not least, the mnside of the
glass-ware and the tips of funnels ete should not he touched
In order to control the specificity of the analysis itself, blank
determinations base been performed
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THE URINE

A 24-hour urine specimen is collected without preservative
and kept in the cold up to the period of extraction, which
should be performed as soon as possible, I this cannot he
done, the urine should be kept frozen in a1 refrigerator.

If a normal content of corticolds is expected, Yo of the
24-hour specimen is used for the analysis If this amount is
less than 80 ml. the urine is diluted to this volume with distil-
fed water, as it is an advantage to work with not too small an
amount of urine

ACIDIFICATION

Talbot et al. (1945) exiracted unacidified urine but Heard,
Sobel & Venning (1946) and others obfmined considerably
higher yields from acidified unine assayed chemically. This
has heen confirmed by Venning et al (1946) who used a bio-
logical test for assaying the glucocorticords. These insestiga-
tions show that some of the urinary corticoids must be present
in a conjugated form

In order to find the optimal pH vealue several experiments
at different pH levels have been performed on varrous urines,
the extraction being performed unmediately after acidifica-
tion. In some instances the total neutral extract has been di-
vided into {wo equal parts One of these 1s {reated with Girard's
reagent as described later, the other is partitioned between
benzene and water, using the method of Yalbof ef al. (1945),
after which the redncing power of the total water-soluble
steroids 1s determined.

In both cases the yield was 75—100 per cent higher at pH 1
as compared with the resuit obtained by the extraction of un-
acxdified urine {(Fig 1), The maximum hberation of corticoids
from their conjugates scems to take place at a pH of between
2 and {
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RELATIVE
VALUES

200
O H0 FRACTION

B KETONIC FRACTION

100+

NEUTRALL 4 3 2 | pH
Fig 4
The effect of acidification of the urine on the extraction of o1 ticoids.
The columns represent the average result of experjments carried out
on 5 different urimes

Ahquots of 24-hour from 6 women and 5 men were also
adjusted to pH 1 and pH 2. From the results obtained by ex-
traction at pH 1 and pil 2, respectively, the ratio of pH 1 : pH 2
has been calculated {Tablc 1). On an average these ratios ap-
pear to correspond closely with the results illustrated in Fig. 1.
It is of interest that the ratio 1s found to be higher for men
than for women. Heard, Sobel & Venning (1946) observed a
similar sex difference with regard to the absolule excretion
values.

It must be assumed that the acidification causes a mild
hydrolysis. It 1s, therefore, of interest to determine the effect
of time on this hydrolysis. Several analyses were perfurmed 1n
the following manner: Large amounts of urine were adjusted
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Table |
Ketonic corticoids, mg. per 24 hours
women men
1t 1 pH 1
pH 1 } pH 2 t E_lﬁ pH1 ; pH 2 PR3
060 044 136 1.40 07 187
044 030 146 103 066 156
056 063 121 090 058 161
1.03 083 129 133 095 140
076 053 143 066 041 161
080 053 151
073 054 135 106 Q67 158

The urnary excretion of corticoids 1n § women and 5 men
The extraction was carried out at pH 1 and pH 2

to pH 1 and then divided into a number of equal portions. Ex-
traction was carried out immediately after the acidification
and then hourly for the following 8 hours, and finally after
standing for 24 hours at room temperature.

Such large variations from one urine to another were found
that it was mmposstble to give any general rules for the op-
ttmum time of hydrolysis. After 5—6 hours, however, in-
creasing amounts of extractable reducing ketonic corticoids
were found 1n most cases The hghest values appear to be
reached after 21 hours’ hydrolysis, but biological determina-
tions performed simultaneously showed lower values for the
content of glucorticoids, indicating a destraction or a conver-
sion of the biologically active corticoids into inactive products

In order to eliminate this destructive effect of the acid
upon the labile part of the corticonds, it was decided to carry
out the extraction immediately after the acidification to pH 1
(measured with a glass electrode) and using 40 vol. per cent
H,80,, though we realised that these were not the optimal
conditions.
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EXTRACTION

Heard, Sobel & Venning (1948) used a chloroform-ether
mixture 1 : 4, Talbol et al. (1945), however, found ether less
suitable as the partilion belween this solvent and water for
several steroids is 1 ;1. They found that a small volume of
chloroform extracted practically all the corticoids.

Experiments have shown that even the most purified ether
available to us (Ph. Dan.) contains some unspecific reducing

subsfances, which are not completely removed by redistilla-
tion. Redistilled chloroform, however, gives satisfactory re-
sults, as shown by several control analyses (»water blanks<).
It 1s of interest that, when workmg with Feard & Sobel's
method, we always found much higher values for the urinary
content of corlicoids when chloroform was used as the ex-
traction solvent,

Several assays (Table 2), performed with different volumes
of chloroform, show that satisfactory recoveries can be ob-
tained by shaking the urine sigorously three times with 25
per cent (by volume) of chloroform in a separating funnel,
The emulsions, which are practically always formed, are
brohen down by centrifugation. If the urine contains large
quantities of pus and albumin it is necessary to centnfuge it
before the extraction. The chloroform extracts are combined
in the separating funnel and washed by shaking three times
with 10 mi. of 0.1 N NaOH and then three times with 10 ml
of distilled water. Each washing is extracted back with 5 ml.
of chloroform and these are added to the original chloroform
extract hefore going on with the next washing. This re-extrac-
tion is especially necessary as the NaOH will otherwise cause
a small loss each time Several yellow-brown ecoloured sub-
stances and phenols are removed by shaking with NaOH
These substances can interfere unspecifically with the colori-
metric assay.

The chloroform extract is dried with small amounts of an-
hydrous sodium sulphate. filtered and evaporated to dryness
in an all-glass vacuum distillation apparatus, the temperature
of the water-bath being kept at 45° C.
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Table 2

Amoumt ¢! reducing ketonic torticaide
nomber of fn urine auml

per cent
by rotame) i

u m | w

PE e PE #8
W 1 54 28 2% 26
2% 2 & 30 2 278
5 3 5% b2 29 3
25 4 W 33 n 3%
25 5 [c<3 3 33
50 2 59 Bal 3
Chloroform ketonic traction Cartin (5}
por cont e Urine number ¥ | m 80 m) of 05 mt sn

iby veltume) }

| water (@ oz Wl ot mater

7 @ I
50 1 16 7 81
50 it 12 3 11
50 m 1 0 2

100 1 kS

100 1 1

100 I 2

The eifect of amount of chlorotorm and nuwmber of shakings an the
evtraction of reducing hetonie cortiemda from urine and of ketonie
corticords and cortin added to water
$ Cortine {Organon) = adrenal eorfiral extract

The analysis can be mierrupted at thas stage and the neu-
ira} dry residue can be kept for a long time of stored i a re-
frigerator.

The recovery of desoxycorticosterone and 17-hydroxy-1i-
dehydrocorticosterone added fo normat male urine and carried
through the procedure described above is shown i Table 3.

GIRARD'S SEPARATION
In 1936 Girard & Sandulesco miroguced the Xelone-reagent,
trimethyl acethydrazide ammontum chloride (Girard rengent
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Table 3
Unme (pi 1) | DOG added [ €p ¥ added :ggg“;’:;l:l‘:':; Recovery
ml rE ng HE o8
RY 8o ¢ 209 0
80 50 200 51
80 100 314 105
80 281 97°
&0 358 202
B >0 580
80 100 638 108
&0 100 631 100x
80 200 676 188X

Recovery of desoxycorticosteronte, Cp. E and Cp. E acetate from

normal urine, *, X expressed as the Cp. E and Cp. E acetate equi-

valent respectively The determination is carrted out on the total
neutral fraction,

T) as a means of separating hetonic from non-ketonic steroids.
This process, which has been of immense value for investiga-
ting the nature of steroid substances, is based upon the fact
that, under certain conditions, ketonic steroids form water-
soluble hydrazone derivatives with the reagent. These com-
pounds are insoluble in organic lipoid solvents, and by ex-
tracting the mixture with ether or chloroform it is possible
to remove the non-ketonic substances. The ketones can be
liberated again from the hydrazone eomplex by acid hydro-
Iysis and extracted afterwards with organte lipoid solvents,
Girard & Sandulesco (1936) dissolve the urinary extract in
absolute alcohol. 10 per cent glacial acetie acid and 5—10 per
cent reagent T are added The muxlure is heated on a boiing
water hath for 30— 60 minutes, and then cooled and trans-
ferred with 1ce-cold water to a separating funnel. Sufficient
alkali is added to neutralize 90 per cent of the acetic acid and
the nen-ketonic steroids are immediately extracled with ether
The remaimng watery solution is acudified to a 05 N concen-
tration with HCl or ILSO, and after standing for one hour
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at room temperature, the hetonic sterolds are extracted with
ether,

Reichstetn {1936) mlroduced some modifieations, espe-
cially a frachional extraction of the hetonse steroids at @ifferent
pH values, and used this method for the separation and puri-
fication of steroids from adrenal cortical extracts. He obsened
that the saturated steroids are easily liberated from the hydra~
zone complex by mukd acrd hydrolysis with weak acids, whist
unsaturated steroids, mncluding the J.a.f-unsmnrated com-
pounds, require strong acids and a longer hume for hydrolysis,

Pincus & Pearlman (1841} worked ount 8 micro-method for
the separation of the 17-helosteroids in small amounts of
arive {24 hours samples). In this modification, the reaction
is performed with the dry steroid to which 6.5 ml giacial
acetic acid and 160 my reagent T are added,

Talbot et ol {1945) used a simalar method for fractionating
the water-soluble corticoids olt d after the t aler
partitioning of the crude unme extract

Several other anthors have used the onginal Girard method
or modificatians thereof {Talbol et al, 1940, Yenmung et al,
1944, Schitler et ol , 1945, Dobriner et ol , 1848}, The main
differcnces Defween the methoeds are 1n ratio of reagent fo
steroid, the temperature used during the process, the amouunts
of alkah and water, the tume of hydrolysis of the hydrazones
and the extraction procedures,

When the Girard process was adopted for a further frac.
fionation of the coritcoids for ronhime analyses, it obviously
became necessary to determine the optimal condilions for the
various steps in the process

Amount of water and solvent. 1t was found that the process
could be satisfactority performed with smatl amounts (25 mi )
of water and lipowd solvents prosided that the amount of
steroid did not exceed 10 mg and s micro-method has been
used,

Irry steroid versus aleohiolic solution Seseral experiments

were earried ont wilh 10 mg dehydroisoandrosterone (DHA)
m a dry form ov dissolred tn 2 ml. alcobel No significant dif-
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ferences in the recoveries were obtamed. We have therefore
adopted the dry method, and the stercid is dissolved in only
0.8 ml. glacial acetic acid.

Amount of Girard reagent T: Most of the experiments were
carried out with 10 mg, DHA and the quantity of reagent varied
from 10 mg. to 200 mg. With 20 mg. of reagent or more the
recoveries were maximal, 1. e. about 95 per cent. In experiments
with 111 pg cortisone the amounts of reagent were 12.5, 25,
50 and 100 mg. respectively, and the smallest quantity was
found to be sufficient (97 per cent recovery in the hetonic
fraction). In order to be certain that a sufficient amount of
reagent 1s used when assaying urines with various and some-
times high corlicoid conlents, we uyse 25—40 mg. of reagent
in the routine analyses,

Conditions for the hydrazone formalion. Boiling versus room
temperalure: Girard & Sandulesco (1936) used boiling for
30—60 minutes; Talbot ef al (1910) heated the reaction mix-
ture for 10 minutes on a boiling water-bath; Pincus & Pearl-
man (1941) warmed the mixture for 20 minutes at 90—100° C,
while Venning et al (1944) left the reaction mixture at room
temperature for about 15 hours. Some of our own experiments
with DHA, urinary extract of 17-ketosteroids, cortisone, DOC
and a urinary extract of corticoids are summarized 1n Table 4

As 15 evident from Table 4, almost complete recoveries are
obtained after heating for 5 munutes or more on a boiling
water-bath, or when the reaction mixture is left at room tem-
perature overnight. The last-mentioned technique probably
gives better and more consistent results. In the routine work
it 15 an advantage 1f the analytical procedure can be tnterrupted
at this stage and continued next morning

Amount of alkalt nsed for neutralization of the acetic actd
Most authors have adopted the original technique of Grrard
& Sandulesco and added sufficient athali to the reaction mix-
ture to neutralize 90 per cent of the acid. We have carried out
several experiments with sarious amounts of NaOH and found
that as socon as the pH is on the alhalne side, the recoveries
were maximal, 1 ¢ about 95 per cent. Before neutrahzation,
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Table 4
Armount of corlicokls Reaveted In kelonic fraction
s von | wts | Eormons poc UIEAY £Xtiotts
et
in minetes { o mg ) W3z | g0 s t" ‘}f?,",}f;r,“““ co(r(?t]':i )
mg HE I3 my mg. per litre
2 T3 103 (2) 9Ny 06§ (%)
B 967 (€ 105 2) 02 1003 067 (2)
10 F63 (3 108 (1 4514}
15 2343
30 o209 9762 R
Lettar |
wmoe | 1031 198G 82@  8T6E 0w
ratere i
avermght

The effect of hrating on borling water bath, or of standing overmght

at room temperature, on the hydrazone formation m the Girard pro-

cess as rmeasured by recoveries in the hetome fraction In addition fo

the resulis the figures m drackets alsy show the number of analyses
performed

the test-flash 15 cooled and the reactron muxiure transferred
to a separating funnel with 25 mi. of we-cotd water, It was,
however, found that more conusient resuils can conventently
be obtained if the acid mixture 15 transferred wath a dilute
alkahine solution contawning the required amount of NaOH, In
the routine analyses this has been performed by the use of
23 ml 0.65 N NaOH at 0° C From the neutralized maxture the
non-ketonze substances are then extracted by shaking 3 times
with 25 ml. of ice-cold chioroform

Amount of acud necessary for the Iiberation of Lelones from
the hydrazone complex. The amount of acid necessary de-
pends on the aun of the process When the Girard process 1§
used as a means of wentifying sleroids, suecessive extractions
ot different pH walues are performed In chwicat assays, in
which a determination of the total amount of hetones 1s de-
sired the extrachion 15 always carried out at only one ptl value
Girard & Sandulesco added HCE or FL,80, 1n such smounts that
a5 N ation was obt d Different ts of these
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two acids have been used by other investigators. Our own ex-
perimental data are given in Table 5. From the fable it can
be seen that consisient results can be obtained over a wide
range of acid concentrations. Immediately after acidification
25 ml, chloroformt are always added.

Table 5
St | voc | Corveme | conone | toinan
alded tor the | added | recosered | VCENE | Acetate Ftract
idnenion | | wtded | recovered L52
ml »e e o o mg.perlitre
1.0 100 89
1.5 100 92 200 200 044
20 100 53 200 18% 0.44
286 100 95 200 189 044
30 100 93 200 18% 039
35 100 a8 200 184 042

The effect of the amount of added H,50, on the recovery of steroids
w the hetonte fraction of the Grrard process

Some of the biologieally active corticowds are sensitne to
strong acids and Heard, Sobel & Venning {1916) found a
marked loss in the reducing power of DOC and urinary corli-
coids after standing for 1 hour at room temperature i a me-
drum containing 2 volumes per cent of sulphuric acid In our
expeniments no sigmfcant loss was found even at the pH salue
of 0.4 1t is our mpression, however, tiat the free erystaliine
compounds and urtnary corticoids. when dissolved in water,
are very easily extracted by means of ¢hleroform and this in
all probalniity 15 explomen by the fact that the Hberated ste-
roids rapidly pass from the acid aqueous phase to the lipowd
solvent.

In order to ensure a quantitatiee hydrolysis of the hydra-
zone compleves, we finally deesded to use 2 ml 40 wol percent
11,80, wluch brings the pH value to just below 1.0, With this
amount of acyd the recoveries have been satssfactory an ali

cases.
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After standmng at room temperaiure for two hours, the
ketonic fraction is extracted by shaking with the chloroform
already present, and then further extracted twice with 25 ml.
of chloroform.

The combined chloroform extracts are washed once with
10 ml. 0.1 N NaOH and three times with 10 ml. distilled water.
Each washing is extracted back with 5 ml chloroform as
described above. After drying with anhydrous sedium sulphate
and filtering, the chloroform extract is evaporated to dryness
in an all-glass vacuum distillation apparatus at 45 G The dry
residue is then carefully transferred to a test-tube three times
with 1 ml. of chloroform. After evaporation of the chloroform
the test-tube can be stored in a refrigerator

THE COLORIMETRIC ASSAY

To the dry residue two ml, of the phosphomolybdic acid
reagent are added, the test-tube 1s closed with a cork wrapped
with aluminium-foil and placed in a boiling water-bath for
exactly 60 minutes as described by Heard & Sobel (1946) Im-
mediately after cocling to room temperature, 8 ml of the rea-
gent are added and the mixture 1s transferred to a cuvette
(internal diameter 16 mm). The optical density 15 measured
in a Coleman photometer (model 14) at 700 mp usung a red
filter (PC-5) The adjustment to zero optical density 1s per-
formed with a reagent blank which 1s carried through the
procedure mentioned above. The absorption curve for the
molybdenum blue shows no maximum but a plateau from
685 my to 800 mu.

Because of the difficulty in obtainmg sufficient amounts
of molybdic acid it has been necessary in most eases to use
50 per cent acetic acid for the dilution of the reagent mixture
after the colour has been developed. Heard & Sobel (1946)
found that this procedure can be used if the reading is per-
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formed within 3 minutes, after which time the optical density
decreases. We have been able to confirm this observation. It
should be pointed out that the result is affected by the tem-
perature at which the colour is developed. It is therefore very
important to maintain uniform conditions for boiling. An
electric hot plate or a steamboiler can be used.

Desoxycorticosterone is used as the standard of reference.
A linear standard curve is found when the doses of DOC (e. g
50, 100, 150, 200 pug) are plotted against the values for the
optical density. From this the reducing equivalent of the
urinary extract can be determined.

It has been necessary to control the standard curve for each
new hatch of reagent as it has been impossible to obtain uni-
form batches of molyhdic acid.

AMOUNT OF CORTICOIDS IN THE URINE

It 1s not, as yet, possible to give the limits of the urinary
exeretion 1 normal human subjects but assays carned out
on the urines from a small number of healthy subjects indicate
that the values are of the order of 040 and 1.0 mg. per 24
hours These valucs correspond rather closely with those ob-
tamned by estimating the formaldchyde liberating corticoids.
The following results are mentioned in the literature: Heard,
Sobel & Venning (1946) 10-—20, Lowenstein et al. (1946) -
05—08, Talbot et al (1947). 0.10—0.44, Corcoran & Page
(1918). average 1.0 mg Al these values represent the excre-
tion per 21 hours 1n normal adults

A patient suffering from Addison’s discase excreted 020
myg. per 24 hours 1n 2 state of crisis suggesting that an extra-
adrenal source may produce some part of the reacting sub-
stances On the same day the 17-hetosteroid cxcretion was
tound to be 0.5 mg so that the presence of small remnants
of functionng adrenal cortrcal tissue eannot be excluded
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EVALUATION OF THE METHOD
As the chemical test offers the advantages of speed and
comparatively low variability (duplicate analyses are shown
in Fig. 2), it is preferable to the troublesome and time con-

we |8
24HRS|

120

020

A
T T MG,
140 " zanRs
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. Fig 2
33 duplicate analyses plotted against each other.

suming procedure mnvolsed in biol 1 tests. The lab
Iiterature, however, reveals only a few attempts to correlate
the values for the excretion of corticords as determined by
means of the chemical and biological methods, respectively,
and hence some experiments were carried out on this question
Shortly after the first reports from U.S A. on the suc-~
cesful treatment of chrome rheumatoid arthritis with ACTH
had reached Denmark, similar investigations were undertaken

Acta endncrnnl Yal TV 111 .
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here (Brochner-Mortensen et al., 1949), Several hundred 24
hour urines from ACTH treated patients have been analyzed
for their corticoid content. We thus had ample opportunities
for examining, firstly the agreement between the chemical and
biological determinations, and secondly the correlation be-
tween the adrenal cortical functien and the amounts of cor-
ticolds excreted.

24-hour specimens of urine were extracted in the usual
manner and the total necutral fraction obtained was divided
in aliquots for further processing, viz. chemical determination
as described above and hiological determination of the gluco-
corticoids by the method of Venning ef al. (1946). Further-
more, 1n two cases a benzene-water partitioning was carried
out, and the reducing substances obtained in the water frac-
tion were colorimetrically determined as described above. Fig
3 tllustrates the data for the chemical assays in the two cascs.
In case J D there is a very close agreement of the absolute
output values and mn both cases there is a remarkably con-
sistent correlation with regard to the relative output changes
Some time after the ACTH treatment, testosterone propionate
was admmistered to one of the patienis During this period
there was a marked mncrease m the excretion of 17-kelosleroids
as determuned by the micro-method of Hamburger (1948), but
as can be seen, there was no effect on the excretion of cor-
ticoids, clearly indicating that the 17-helosteroids do not inter-
fere with the colorimetric assay of the corticouds From these
findings it 1s evident that no advantages is to be gained from
a benzene-water partitioming of the uninary corticoids.

In Fig 4 the results are shown of parallel chemieal and
hiological determuinalions performed on urines from three
patients, 1 e the two mentioned above and a third patient
The excretion curves for the biological determinations are more
irregular during the ACTH treatment hecause of the greater
variability in the bieassay. In all eases it 1s abvious that there
is rather good agreement between the values oblained from
day to day by the two methods The percentage inerease over
the pre-treatment leve! 15, however, more pronounced in the
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Fig 3
The excretion of reducing hetome corticowds and total water-soluble
corticonds e two cases treated with ACTH {Case J D. abome, and
case L R below)

broassns than in the chemsen} tesl. As an example, case A, R.
may be considered In this patient a hundred percent imerease
m the reducing corlicoids was found while the inereased ex-
cretion of Yy actne ticowds 1 to about
300 per cent.

This could be best explained on the assumplion that the

150
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here {(Brochner-Mortensen el al.,, 1949). Several hundred 24-
hour urines from ACTH ireated palients have been analyzed
for their corticoid content. We thus had ample opportunities
for examining, firstly the agreement hetween the chemical and
biological determinations, and secondly the correlation be-
tween the adrenal cortical function and the amounts of cor-
ticoids excreted.

24-hour specimens of urine were extracted in the usual
manner and the total neutral fraction obtained was divided
in aliquots for further processing, viz. chemijcal determination
as described above and hiological determination of the gluco-
corticoids by the method of Venning ef al. (1946). Further-
more, in iwo cases a benzene-water partitioning was carned
out, and the reducing substances obtained in the water frac-
tion were colorimetrically deternuned as described above. Fig
3 illustrates the data for the chemical assays in the two cases
In case J.D. there 1s a very close agreement of the absolute
output values and in both cases there is a remarhably con-
sistent correlation with regard to the relative output changes
Some time after the ACTH treatment, testosterone propionate
was admnistered to one of the patients. During this period
there was a marked increase in the excretion of 17-hetosteroids
as determined by the micro-method of Hamburger (1948), but
as can be seen, there was no effect on the excretion of cor-
ticoids, clearly indicating that the 17-hetosteroids do not inter-
fere with the colorimetric assay of the corticoids. From these
findings 1t is evident that no advaniages is to be gamned from
a benzene-water partitioning of the urinary corticoids,

In Fig. 4 the results are shown of parallel chemiecal and
biological determmnations performed on urines from three
patients, i ¢ the two mentioned above and a third patient.
The excretion curves for the biological determinations are more
irregular during the ACTH treatment because of the greater
variability in the bicassay. In all cases it 1s obvious that there
is rather good agreement hetween the values obtained from
day to day by the two methods The percenlage increase over
the pre-treatment level is, however, more pronounced in the
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htathve differences in activity, when assaying several ndrenal
cortical extracts and the erysiatiine glucocorticords The pro-
blem will be further & i in a later publicat

From several analyses carried out with urines from dif-
ferent paticnts and {rom normal human subjects it is clear
that the absoluie values for the durnal excretion of reducing
Letonic eorticoids are consistenily 8—10 limes larger than
these ined by a simut hiol 1 defer of
the gt tivoids. In the cb 1 assay, b , brolegieal
iy aclive as well as bio} iy mactive are -
tluded and this fact must surely explan the difference ob-
served. Very simular findings have been oblained in the
chemical determination of 17-ketastercids, as compared with
the biologieal assay of the androgenic substances.

1t can be concluded that all the neutral ketense corticoids,
as estimated by their red power, are tabolites closely
refated to the uninary bialogeally active glucocortscoids which
are probahly included among them Fuarlhermore it should be
stressed that the chemical as well as the bwological determina-
tions reflect the corbieal funetion in a similar manner

ton

1ors

SUMMARY

After a thorough experimental examnation of the method
of Heard, Sobel & Venning and of Talbof et al. for the de-
termination of the urinary corticords they sere both aban-
doned. A method based on a combination of the principles
used In the two methods 1s deseribed, It 15 shown, honerver,
that no advanfage is gained by a benzene-water partition of
the corticords. An nvestigation on the different steps used in
the anatysis has been carried out in order to establish the
optumal condibions.

The {echmieal detosls in the procedure are outhned in the
diagram below.

By means of hemieal amd biologieal  de-
lerminations on urmes from ACTH treated patients, the rela-
tien between the reducmg ketonsc corticeids and the hiological-
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The excretion of reducing ketonic corticoids and biologically active
glucocorticoids 1n three cases treated with ACTH.

catabolism of the corticosteroids cannot heep pace with the
greatly accelerated elaboration of these substances which oc-
curs during ACTH-stimulation of the adrenal cortex. This
results 1n a high titer of these biologically active corlico-
steroids 1n the blood, which in turn is reflected in a relatively
higher excretion n the urine

In addition, however, the possibility of a qualitative altera-
tion in the composition of the urinary cotticoids during the
ACTH treatment must be kept in mind. If the regression line
for the urinary glucocorticoids under these conditions acquires
a different slope, as compared with the standard curve for
cortisone, this should be considered as a part of the diserepan-
¢y observed In this connection at is of interest to note that
Olson et al. (1944), using a similar method, found similar qua-
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ly active so-called gl;xcocor(icoids 1s shown The agreement
between the data is discussed. Both sets of results appear to
reflect the adrenal cortical function in a similar manner.
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Adjust Y10 of 2i-hr urine to
pH 1 with 40 vol. per cent
11,80,

I
extract 3 tumes with re
distilled chloroform 25 per
cent by volume
T

combine the chloroform extracts and wash 3 times hy shaking with

10 mL 01 N NaOH and 3 times with 10 ml. of water. Each washing
is re-extracted with small amounts of chloroform
T
dry the extract with Na,SO,, filter and evaporate 1o dryness =
TOTAL NEUTRAL FRACTION
I 1
discard unn

dissolve mn 08 ml. glacial
acetic acid add about 40mg
Girard's reagent T

-

leave the flask overnight
at room temperature

or heat the flask on hoiling
water-hath for 2 minutes

7

cool the flask n 1ced

water

add 25 ml 1ce cold 055 N NaOIl and
transfer to a separating funnel
T

extract 1mmediately with 1ce cold chloroform, 3 times
with 25 ml., (chloroform = non-ketonic fraction)

i
R S
discard chloroform

add 2 ml 40 vol per cent H,SO, and 25 ml chloroform
to the aqueous solution

2 hr later extract with the chloroform already present
and twice mare with 25 ml of chloroform
i
combine the chloroform extracts and wash by shaking 3 times
with 10 ml. 01 N NaOIl, and 3 times with 10 ml of water re-
eatract each washing with small amounts of chloroform

dry the extract with Na 8O, filter and evaporate to dryncss
KETONIC FRACTION
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1y active so-calted gl;xcocorticoids is shown The agreement
belween the data is discussed. Both sets of resulls appear to
reflect the adrenal cortical unction in a ssmslar manner,
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From the flormnne Departraent of the
State Serum Institute, Copenthagen

INVESTIGATIONS ON THE
URINARY EXCRETION OF CORTICOIDS AND
17-KETOSTEROIDS DURING THE
ADMINISTRATION OF ADRENOCORTICO-
TROPHIC HORMONE (ACTH)*)

BY

MOGENS SPRECHLLR

The adrenocorticotrophic hormone (ACTH) was 1solated
from an extract of the anterior lobe of the pituitary gland by
Collip et al. in 1933 and 10 years later Lt ef al (1943} and
Sayers et al. (1943), simult, v, but ndependently pre-
pared the pure protein hormoene using as starting material,
sheep and hog pituitary glands respeclively Only quite re-
cently, however, has it been possible to produce the hormone
in quantities large enough for chimeal experiments in normat
subjects {Mason et al , 1948, Forsham et al , 1948, Sayers et af.,
1848) and in the treatment of various diseases, this followed
the repaort by Hench ef al. in 1949 of the astonishing effect of
cortisone and ACTH in chrenic rheumatic diseases. Already
a fairly exiensive Iiterature on the subject has accumulated

‘¥ of the . were gnnen 1) at the
meeting of the D:mml\ Sactety for Endocrinolagy, Copenhagen, April
21, 1950, 2) at the Third Scandmarian Cengress for Rheumalology,
Oslo, May 2527, 1950, 3) at the meeting of Scandimasvian Society for
Endocrinology First Congress, Stockholm, June 21—22, 1930, and 4)
at the meeting of the Scandinavian Society for Climeal Chemistry
and Clinical Physwology IV Coagress, Finland, July 2—5, 1930

Acta endocinel Vol 3 It
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and has been collected in the U. S. A. by Mote (1950). Here in
Denmark, similar investigations are reported by Rrachaer-
Mortensen el al. (1949), Videbzek et al. (1950), Astrup ef al.
(1950) and Schwartz & Sonne (1950).

ACTH seems to act as a catalyst in the adrenal cortey, sti-
mulating the claboration of the adrenal cortical hormones.
This is followed by an increased secretion of these substances
into the circulation. Cholesterol and ascorbic acid appear to be
involved n this synthesis, as a single injection of ACTH mio
the test animal produces a depletion of these substances mn
the adrenals, the lowest values being reached after 3 and 1
hour respectively This can be used to determine the activity
of ACTH preparations (Sayers et al., 1943, 1949).

By the admnistration of ACTH to patients suffering from
Addison's disease Thorn et al. (1948) have shown that the
effect 1s due exelusively to a stimulation of the adrenal cortex,
with a resulting increased elaboration of adrenal cortical ste-
roids. By a determmation of the quantity of these steroids, ot
more indirectly by a deterrmination of their effect in the orga-
nism, it is possible to obtamn some 1dea of the effects of ACTH
1 man. The best and most direct method would be a deter-
mination of the steroid content of the blood (Hemphill &
Reiss, 1917, Corcoran & Page, 1948} but these analyses are
very difficult and fairly large quantities of blood are needed.
Conseg 1y they are itable for routine analyses, Browne
et al. as early as 1043, demonstrated that the administration
of purifted ACTH to a male patient hrought about an mereased
excretion of corticords n the urme This has now been con-
firmed by numerous expersments, as has the inereased ex-
cretion of another group of substances: namely the 17-heto-
sterowds In the female these steroids presumably originate
almost entirely from the adrenal corex

The first group of sterowds consists essenhially of the glitco-
corticards which can be assayed brologreally by thewr effect on
glycogen deposition in the bver m adrenalectomized ammals,
chemically by their reducing properties or by their power to
liberate formaldehyde by pertodic oxidation (a number of hio-
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logteally m-:ch\e metabolites of the steroids mentioned are
pr luded in the chemical deter: 10n) and final-
Iy, indirectly by their activity in the organism, where they
bring about a decrease in the number of circulating eosinophil
leucocytes, and as a rule, an increase of the uric acid'creatinine
ndex in the urine,

At present no method is available for the direct measure-
ment of the other well-known group of corticords, the mineralo-
corficoids, but Forsham et al. (1948) Dbelieve that certain
changes in the electrolyte balance indicate that these substan-
ces too are produced in wncreased quantities following ACTH
stimulation, this appears to be confirmed by the investigations
of Conn & Louis (1950), who found a decrease in the chloride
and sodium concentration in the sweat during the admunistra-
tion of ACTH to patients.

The third group of steroids produced 1n the adrenal corfex
are substances with sex hormone-like effects Of greatest prac-
tieal significance are the androgens and their metabolites, the
17-ketosteroids.

In the same way as mn animal éxpcriments, rapid depletion
of cholesterol and ascorbic acid from the adrenal occurs, so
the metabolic changes in man, which follow a single dose of
ACTH given intravenously also take place very quickly (Sayers
ef al., 1949). The maxumum response 1s reached within a few
hours and there 1s a return to the normal conditions 1n about
6—12 hours. The urmary excretion of steroids shows parallel
sariations. That the effect must be of very short duration 1s
apparent from the fact that the amount of ACTH 1n the blood
reaches a normal level very soon (less than 3 hours) after
the injection, indicating a rapid mnactivation of the hormone
either by a binding to substances 1n the blood or the tissues,
or by destruction. Burns et al (1948) demonstrated that fol-
lowing an intravenous njection of 210 mg of ACTH mtlo a
normal subject the evcretion in the urine during the first 24
hours was less than 200 ug. Hence, to produce a continuous
stimulation of the adrenal cortex, 1t is necessary to admimister
the ACTH in several divided injections during the course of
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24 hours, usually every 6 or every 8 hours, after which lime
the normal sfale of the adrenal corfex is practically reestab-
lished.

Under normal conditions it can be assumed that there
exists an accurately balanced coordination between the an-
terior pituitary gland and the adrenal cortex and that thereis
a continuous production of ACTH and corticosteroids, which
are y for the maint of life. There is no doubt,
Thowever, that the hormone of the adrenal meduila, i. . adrena-
line, can also affect this so-called pituitary-adrenal system,
although there is good evidence, that this only occurs under
conditions in which special demands are made on the body
as summed up by Selye i Ius conception of »stresse. Vogt
(1947) demonstrated an increased secretion of corticoids from
the adrenals in a dog following injection of small amounts of
adrenaline and it is now eviden! that this effect is due fo 2
mobilization of ACTH from the anterior pitnitary gland cither
Dby a direct effect on this gland or indirectly via the hypothaia-
mus (Hume & Witlenstein, 1950). The nature of this reguia-
ting mechanism 1s by no means clear

As 1s apparent from the above, the effects of ACTH depend
exclusively on the functional slate of the adrenal cortex, while
the effects of adrenaline are dependent on an ntact (hypo-
thalamie-) pituitary-adrenal systetn  On the basis of these
facts, Thorn & Forsham (1949) performed various tests for
the evaluation of the prtuitary and the adrenal cortical fune-
tion. Amongst these may be mentioned 2 short-term tests bascd
on the fact that 4 hours after an injection of adrenaline (0.3
mg.) or ACTH (25 mg ) a reduchtion in the number of ctrenla-
ting eosmophil leucocyles occurs The first of these tests
secms less suitable for determning the functional state of the
adrenal cortex, since as has previously beem mentioned, the
cvidence of an mtact prtuMary-adrenal system must be as-
sumed and 10 addition adrenatine can probably mobilize only
the pre-formed ACTH in the bypophysis. as suggested by Thotn
& Forshany, The best method appears to be the so-called 48-
Shour ACTH test. 10 mg ACTI is administered inframuscularly
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every 6 hours for 48 hours and during this period of time
eosinophil counts are carried out and the excretion of 17-heto-
steroids 1s determined in the two 24-hour urines.

The investigators have interpreted the results of such a test
as follows:

31} A low value for 17-hetosteroid excretion initally, which
fails to rise appreciably under ACTH, accompanied by a poor
fall in eosinophils, proves the ak of any adrenal cortical
reserve and strongly suggests cither a primary adrenal cortical
msufficiency or a longstanding hypopituitarism.

2) A low value for 17-hetosteroids imitially, which rises
during ACTH therapy, accompanied by a progressive fall in
eosinophuls, is suggestive of moderate adrenal cortical atrophy
secondary to pituitary failure,

3) A normal 17-ketosteroid level, which is increased to
the upper limit of normal, with or without a fall in eosino-
phils indicates adequate adrenal cortical reserve A poor fall
in eosinophils merely suggests the presence of an acute eostno-
philia related to allergy.«

OWN INVESTIGATIONS

After the report from U. 8. A (Hench et al, 1949) on the
favourable effects of cortisone and ACTH on rheumatic dis-
eases had reached Denmark, a number of similar experiments
were carried out m various chimical departments here. Com-
prehensive metabolic studies have been performed m a num-
ber of these cases. In others, atiention has chiefly been paid
to the therapeutic effects In the Hormone Department of the
State Serum Institute mn Copenhagen we have had the oppor-
tunity of examining the urinary steroid excretton in the majo-
rity of the patients in this country it whom treatment with
ACTH has been tried

The aim of the present study has been 1) to imvestigate
whether, by a determination of the excretion of corticords and
17-ketosteroids in the urine, a quantitative measure of the ef-
fects of ACTH 1n children and adults can be obtained. 2) to
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examine any possible factors which may influence the respon-
se of the adrenat cortex to ACTH, and finally 3) if possible,
to establish to what extent it is necessary, in a routine in-
vestigation, to carry out the above mentioned steroid analyses
in the studies on the clinical effects of ACTH.

The clinical and other metabolic data oblained in these ex-
periments are to be published elsewhere.

ACTH-preparations  Scveral different preparations have
been used during the study, all prepared from hog pituifary
glands. 1) Cortrophin (Organon): 4 different batches, 2} Ar-
mour’s ACTH, batch no. 32320, 3) ACTH obtained from iwo
Danish Tactories. Each new batch from one of the factories
(R. M. C.) has been standardized in the hormone department
here by the method of Sayers, Sayers & Woodbury (1949)
using the Armour La-1-A as a standard of reference (Ham-
burger, 1950). The stated potencies of the Armour- and some
of the Cortrophin-preparations were also controlled.

Dethods. The urine was collected in 24-hour periods with-
out preservative and kept in the cold until the extraction which
was, as a rule, carried out within the next 24—28 hours.

The corticoids were delermined chemically by the reducing
power of the ketonie fraction obtained by a Girard separation
of the total ncutral fraction extracted from urine acidified to
pH 1 (Sprechler, 1950). The results are expressed in terms of
the reducing power of desoxycorticosterone

The glucocorticoids were assayed biologically by the liver
glycogen deposition test in mice, as desenibed by Venning, Kaz-
mun & Bell (1916), and the results are expressed 1 terms of
ug of 17-hydroxy-11-dchydrocorticosterone
" The 17-kelosteroids were measured by the micro-method of
Hamburger & Rasch {1948). The results are expressed in terms
of mg. androsterone, after a colour correction

In order to correct for the inaccuractes 1n the urine collee-
tion, determinations of creatinine excretion hase been carrted
out in a number of cases. The excrction of thrs substances has
proved to be subject loAsuch large spontancous daily varia-
tions, even when the patient was kept on a constant diet, that
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it has been found unsuitable for the correction of inaccuracies
which have practical significance,

Cliniral material. The excretion of reducing corticoids as
well as 17-ketosteroigds in the urine has heen investigaled in
35 patients treated with ACTIL In 2 cases, corhisone was ad-
ministered at the same lime and the results will be described
in a Iater publication; in 8 of the casts in which analyses have
been made only cvery 4 days (Brodthagen et al., 1950) no de-
tails are given here. In the following, the results obiained in
the remaming 25 cases consisiing of 2 children, 15 women and
8 men, will be deseribed. In alt these cases analyses have heen
carried out daily, as far as possible before, during and after
the administration of ACTH

The most important data are given in Table 1. As can be
seen, the material consisls of practically all age groups, and
inctudes varous diseases, e. g, acute and chronic rheumatie
di 1 scleroderma, di inated lupus erythema-
{osus and Boech’s sarcoid The average excretion of corticords
and 17-ketosteroids is also giten for those cases in which it
has been possible to obtain suck analyses hefore the commen-
cement of treatment. In Fig. 1 the pre-treatment values for
the 17-Letosteroids are plotied in the diagrams showing the
cxcretion of the 17-ketosteroids mn normal subjects as carried
aut by Hamburger (1948). The values for the corticoids cannot
Ue shown in the same way, as the final Junits have not yet
been established. In the case of adult women, however, these
walues will undoubtly be found to be belween 0.40 and 090
g per 24 hours. As is seen it Fig 1, the excretion in a num-
her of the cases is below the lowest rormal limat or in the low
normal range

The effect of the adrenal cortical function on ihe urinary ex-
crefion of steroids during the administration of ACTH

As we have had no opportunity of carrymg out the 48-hour
ACTH tests in cases with a normal adrenal cortical function
as deseribed by Thorn & Forsham, a short deseription wall be
given of the resulls of analyses carred out on the unine frem
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Table
Suramary
Corticolds mg
- hrs (average)
attent Diagnosis Therapy | &

in d1ys : w .z
KK. |35/ F| Scleroderma 15 11820 f1913 {072 316 081

DL [2s{¥ » 23 12700 [ 117.4 | 080 [11 04
M. M3) M) Anchylos Spondyht 15 [ 120 | 947 081 (439 0%
BJ J40)M » » 14 {1180 | 843097 (381]08¢
LR. |33|F| Chron Rheum Arthr 15 950 { 633 264{070
KGL[50|F » » » B 190} 38 {045(270]069
J1 (47 F » » » 11 400 ) 364 J044/083]085
TL [15] F{ Acute Rheum Fever 11 302 356061 (342|050
AK j28)F » » » 10 300 { 30 {026(223([087
EH, {48 F] Lup Erythem Diss 7 210 30 [o46(211]{046
RF. )25 F » » » 5 1501 30 l030(047{050
AT. |38] F] Chron Rheum Arthr. 4 120| 30 {044]008({045
CY. [57) M) Lymfatic Leucemia 8 230 | 288{1.07(420(143
V10 |33) M| Boeck's Sarcond 10 285 { 285(079 009089
VO 16[ M| Acute Bheum Fever 1 230 ) 245{074107 {073
NNJ5{ M| Chron Rheum Arthy 9 2104 2331073]162{070
AR [67{M] Myclogen Leucenua F 130 | 163 o61}115 085

3G |81} Chron Rheum Arthr 6 9§ 15 [042]070
1). |51} F) Painiul Shoulder 10 1501 15 los2{096]058
#H |2 F'| Collagen Disease o 30 B3lo1sf{o51]021

D 10 '] stll's Dicease
*P[59] M| Monocytic Leucemia
Chron Rheum \rthy
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Average excretion of 17-ketosteroids during the pre-treatment period
in the 25 patients The black line shows the average output in normat
subjects, and the stipled area gives the zome within whch 9798
per cent of normal values are falling, according to Homburger (1918).

a palient under surgical stress, which produces similar chan-
ges in sterod excretion as are found during the administration
of ACTH. The patient was a 32-year-old man with a gastric
ulcer 1in whom a resection of the stomach had heen performed.
The urinary corticoids and 17-ketosteroids rose after the ope-
ration to a maxuimum (2 66 and 9.7 mg. per 24 hours respee-
tively) which was reached on the second day (Fig 2). This
was immedialely followed by a sharp fall to shghitly below the
prn-opcm(i\c values, and finally there was a return to the ori-
ginal level, That the excretion did not begin to rise on the day
of operation was no doubt due to an incomplete 24-hour urine

collechion, probably due lo relention of urine. In this case the
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Changes 1n the eycretion of cortitosds, 17-hetostermds and in ur-
culating eosinophil leucocytes following major surgery

<cune for the number of circulating cosinophils was seen to be
a reflection of the curves obtained for the excretion of sterords.

Before the beginmng of ACTH treatment there s no parti-
cular reason {o earry out any of the fests for the evaluation
of the adrenal eortical function It is sery important, however,
to establish the exact excretion level for the sferowds and af
Jeast 3—4 days is necessary as a controf period. These salues
give information on the functional condition of the adrenal
<ortex and, only in this way i is possible to evaluate the cor-
tical response to ACTH subsequently.

Group 1 This group consists of 10 patients with 2 normal
adrenal cortical function as measurcd by the response to ACTH
“The data for the treatment and the average values for the ex-
cretion of steralds will be found m Tahle I In all the cases
daily analyses of the corticoids and 17-ketosterords have heen
performed and the resulls are tlustrated in Plate I Before the
administration of ACTH the corficoid excretion was within
the normal range with the exception of case 9 where 1n which
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the excretion was only 0.26 mg./24 hrs, The excretion of 17-
hetosteroids was also decreased in this ease (3.3 mg/24 hrs)
as well as in case 8 (2.3 mg/24 hrs.).

The dose of ACTH administered varied, but during the first
twno days' treatment hetween 30 and 100 mg. per 24 hours, d-
vided into 3—1 injections, was grien intramusenlarly m all
cases An increase in the urinary steroids was found on the
first day and this increase continued progressively during the
following days to reach a maximum after 3—35 days. If the
same dose level was continued, a clear tendency towards pla-
tean formation of the excretion curves was found m these
short-term experiments. When the dose was reduced, however,
the steroids fell to a lower level again. In most of the cases it
was found that the steroid excretion reached the pre-treatment
level on the {irst or sccond day after cessation of treatment.
In a few cases, suhnormal values were observed during the
post-treatment period (case 8, 17 and 19). As is seen from
Table 1 the percentage increase 1n the steroid excretion during
the first and sccond day of the treatment was very varied, but
as 2 rule it was most marked in the case of corlicoids where
the increase occurred as early as the first day. As previously
stated, 1t should be pointed out that following the administra-
tion of ACTH, the increase in the steroid excretion takes place
progressively, a response which is charaetenistic of cases with
a normal adrenal cortical functron.

Group 2. This group consists of 4 patients (7, 11, 12, 18)
with a poor response to ACTH, indicating an impaired adrenal
cortical function In no case, however, were there any symp-
toms of insuffictency Before going into further detals about
these cases 1t is of interest to find out what happens to the
steroid excretion during ACTH admunistration n patients suf-
fering from Addison's disease In Fig. 3 the results obtained
in a 48-hour ACTI test carried out 1n such a ease are shown.
The patient was # Si-year-old woman, on whom a chinical
diagnosis was made The excretion of corticoids and 17-keto-
steroids in the control period was low: 024 mg. and 23 mg./
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24 hrs. respectively. ACTH, 25 mg. was admmstered intra-
muscularly in 4 dnided doses daily for fwo days. The corticoid
excretion ro<e to 042 and 0.37 mg./24 hrs. (i. e. the lowest
normal limit) and in the following 4 days, the excretion slowly
decreased to the level found before the administration of
ACTH. No significant changes were found in the excretion of
17-ketosteroids. Remnants of functionat adrenal cortical tissue
with corlicoid-elahorating capacity seemed to persist and the
insufficiency though not complete, was such that it produced
‘clinical symptoms.

In Table 1 the data for the individual treatment of the
cases referred to, are given, and n Fig, 3 the resulis of the
steroid analyses are shown. In case 11 a very poor response
was seen during ACTH admimistration especially with regard
to the exerction of corticoids. The mse occurred very slowly
beginning on the 3th and {th day and the slow reaction con-
tinued subsequently so that the pre-treatment level was only
reached after a week This case is very similar to the case
described above In the other 3 cases a shght rise in the steroid
cxcretion was also found in spite of adequate doses (30—30
mg /24 hrs )} of ACTH In cases 11 and 12 the excretion of
corticoids was within normal limuts during the whole period
of ACTH admimstration and mn case 7 this only increased to
the upper normal level With the exceplion of case 12 1t should
also be noted that the corticoid excretion only reached the
pre-treatment lesel stowly

As mentioned above, there was in the first group one pa-
tient with a subnormal corticoid excretion, and two with a
subnormal 17-hetosteroid exeretion during the pre-treatment
period; they all responded 1o the ACTH stimulation with a
normal and strikingly incrcased excrebion of steroids On the
othier hand we have exanuned 2 cases, @ 33-year-old woman
(1) and a 28-year-old woman (2) both suffering from Sclero-
derma, in whom the excrelion of corticolds as well ayv of
that of the 17-kelosteroids was perfectly normal and on
the same lesel during the period before the admimstration of
ACTH. Both cases were treated with ACTH from the came
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preparation, in doses of 120 mg. per day in 3 equal parts for
the first few days. The results are shown in Fig, 4. In case 1
there was only a moderate increase in the sterowd excretion, as
the corticoids rose from 0.72 mg to a maximum of 4 33 mg/
24 hrs, and the 17-hetosteroids from 7.7 mg. to a maximum
of 17.4 mg/21 hrs, whilst the excretion in the other case

- reached very high values: the corticowds rose from (80 to
17.40 mg/24 hrs. and the 17-hetosteroids from 8.6 mg. to
90.6 mg./24 hrs. In addition 1 was found that the difference
in the response of the adrenal cortex in the two patients way
only clear on the third day of treatment, as the increasc in the
corticoid excretion was the same on the first day, and only
slightly more marhed 1n cas¢ 2 than in case I on the second
day, namely: 3.00 and 2 36 mg/24 hrs, respectively, or 275
and 230 per cent. A possible explanation is that the adrenal
cortex 1 c¢ase 16 had a relatively small potential reserve and,
therefore, was unable to give an adequate response to the high
dose admimistered during the prolonged period of treatment.
The low 1alues for the excretion of 17-hetosteroids n the post-
treatment period must presumably have been due to an ex-
haustion of the adrenal cortices and 1t is probable that a con-
tinuation of the stimulation with lgh doses of ACTH would
have been fatal

The relation belween the dose of ACTH and the excretion of
steroids.

In the available literature there 1s, as yet, no information
as to amount of ACTH necessary 1o obtain an adrenal cortical
stimulation sufficient to give a chnical effect. Thorn & Fors-
ham (1949) used the changes in the number of circulating
eosinophils as an index of the adrenal cortical response Fol-
lowing a single dose of 4 and 25 mg of ACTH the decrease in
circulating eosinophils was found to be 50 per cent and 70—
100 per cent respectinely No particular attention has Deen
given to amounts of sterowds exereted.

The evuistence of a quantitatine relationship between the
dose and the amount of steroids excreted is of paramount sig-
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24 hrs. respectively. ACTH, 25 mg. was administered intra-
muscularly in 4 divided doses daily for two days. The corticoid
excretion rose to 0.42 and 037 mg./24 hrs. {i. e. the lowest
normal limit) and in the following 4 days, the excrelion slowly
decreased to the level found before the administration of
ACTH. No significant changes were found in the excretion of
17-ketosteroids. Remnants of functional adrenal cortical tissue
with corticoid-elaborating capacity seemed to persist and the
insufficiency though not complete, was such that 1t produced
‘clinical sympfoms.

In Table 1 the data for the individual treatment of the
cases referred to, are given, and in Fig. 8 the resulls of the
steroid analyses are shown. In case 11 a very poor response
was scen during ACTH administration especially with regard
to the excretion of corticoids. The rise occurred very slowly
beginning on the 3th and 4th day and the slow reaction con-
tinued subsequently <o that the pre-treatment level was only
reached after a week. This case 1s very similar to the case
deseribed above In the other 3 cases a shight rise mn the steroid
excretion was also found in spite of adequate doses (30—i0
mg./24 hrs.) of ACTH In cases 11 and 12 the exerction of
corticords was within normal limts during the whole period
of ACTH administration and in case 7 this only mcreased to
the upper normal level With the exception of case 12 it should
also be noted that the corticoid excretion only reached the
pre-treatment level slowly

As mentioned above, there was i the first group one pa-
tient with a subnormal corticord cxcretion, and two with a
«ubnormal 17-ketosteroid excrelion during the pre-treatment
period, they all responded to the ACTH stimulation with a
normal and strikingly increased exeretion of steroids. On the
other hand we have examined 2 cases, a 3J-year-old woman
(1) and a 28-year-old woman (2) both suffering from Sclero-
derma, in whom the excretion of corticoids as well as of
that of the 17-ketosterords was perfectly normal and on
the same level durmng the period before the admmstration of
ACTH. Both cases were treated with ACTI from the same
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Iations of the results found in the 2 cases which have heen
treated for some time with vanious doses of ACTH. In the first
case {21} which is described in greater detail Inter (Fig. 10}
ar abnormally changed response of the adrenal toriex fo
ACTIE developed after some tume ang the resulls s this period
are omitled from the ealeulations. The average steroid excre-
tion values for the various dose levels are shown in Table 2
When these values are plolled agmnst the logarithm of the
dose there is a tinear relationship (Fig. 8§). M 1s seen that the
excretion of corticoids, as determined chemically as wefl as
biclegically, showed a definite increase at a dose level of about
56 mg./24 hrs. while 1n the case of 17-ketostesoids, this only
occurred with 1213 mg./24 hrs. In the other case {22, a male,
age 58) ACTH was admmsiered during 4 separate periods.
The results of the steroid analyses, which in the case of corti-
coids only consisls of the two tast pertods, are charted s Fig.
& The average datly dosc as well as the dserage 28-hour ex-
cretion of 17-ketost Is has been calenlated for each period
(Table 2} and the fog dose response cume (Fig 6) 1s also
linear in this case, as the lugh value oblained dunng the second
period of freatment must be altnbuted to the fact that this
period of treatment foltows very closely on the preceding one-
Tt as clear from the curve that the excretion of i7-hetosteroids
began to increase at a dose of 1415 mg 24 hrs Iu our expe-
rience we find that the dose of ACTH necessary fo mcrease
the 2ortscoid everetion in adulls, 15 only shightly lower and on
an aserage, about 12 mg/24 hirs. The average percentage in-~
crease in 17-hetosterosds durmg the peniod of ACTH adonm-
slration was ealeniated in 18 cases and the resuits are ploited
agamst the log of the aserage dose of ACTH (Fig 7). There
13 & close ug with the ab d resulls. AL
though we have not had much experrence 1 this Iabotatory
of the changes in the number of areniating eosinophils during
ACTH trealment, it 15 our mnpresston that this occurs even
with considerably fower dose levels. In none of the cases was
A chnseal effect observed without an mcrease in steroid ex-
¢retion,

Acta endocnnol Vot 5 ff
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Lffect of high dosage of ACTH to 2 women with scleroderma Note

the normal steroid response during the first 2 days' treatment fol-
lowed by marked drfferences in spite of & dosage of the same range

nificance in determining whether steroid excrelion can be used
as an indes of the action of ACTH,

We have not yet had an opportunity of carrying out syste-
matic experiments to solve this important question. Some
evidence on the relationship can be obtamed by making ealcu-
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Iations of the resulls found in the 2 cases which have been
treated for some time with various doses of ACTH. In the first
case (21) which is described in greater detail later (Fig. 10)
an abnormally changed response of the adrenal cortex to
ACTH developed after some time and the results in this period
are omitted from the calculations. The average steroid excre-
tion values for the various dose levels are shown m Table 2.
When these values are plotted against the logarithm of the
dose there is a linear relationship (Fig. 5). It is seen that the
excretion of corlicoids, as delermined chemucally as well as
biologieally, showed a definite increase at a dose level of about
5—6 mg/24 hrs. while in the case of 17-ketosteroids, this only
occurred with 12—13 mg/24 lirs. In the other case (22, a male,
age 59) ACTH was admunistered during 4 separate periods.
‘The results of the steroid analyses, which in the case of corti-
coids only consists of the two last periods, are charted in Fig
6. The average daily dose as well as the average 24-hour ex-
cretion of 17-ki oids has been calculated for each period
{Table 2) and the log dosc response curve (Fig. 6) 1s also
Iinear in thns case, as the mgh value obtained during the second
period of treatment must be attnibuted lo the fact that this
period of treatmenti follows very closely on the preceding one
It 15 clear from the curve that the excretion of 17-hetosteroids
began to increase at a dose of 14—15 mg. /24 hrs In our expe-
rience we find that the dose of ACTH necessary to wncrease
the corticord excretion in adults, is only shghtly lower and on
an aierage, about 12 mg/24 hrs The average percentage in-
crease in 17-ketosterords during the period of ACTH admini-
stration was ealculated in 18 cases and the results are plotted
against the log of the average dose of ACTH (Fig 7) There
is a close agreement with the above-mentioned results. Al-
though we have not had much experience in this laboratory
of the changes 1n the number of circulating eosinophils during
ACTH treatment, 1t 1s our impression that this ocenrs even
with considerably lower dose levels. In none of the cases was
a clinical effect observed without an increase in steroid ex-
cretion.

Acta endocrnol Vol 3 11
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Fig 5
The average excrehion ialues for reducing corticords (@), gluco-
corticoids (o) and 17 hetosterouds (x) plotted aganst the dose in Mg
ACTH (log scale) 1n case 21

As mentioned n the introduction there is reason to assume
that the greatest and most constant effect of ACTH 15 obtained
when the hormone 15 admimstered n divided doses during the
24-hour period mstead of giving the whole dmly dose in on¢
injection Thorn & Forsham have stated that a single dose of
25 mg. ACTH admmistered intramuscnlarly produces a maxi-
mum slimulation of the adrenal cortex as measured by the de-
erease in the number of circulating cosinophils, while Li
(1949) has stated that the adrenal cortex only ubilizes at
the most 10 mg per injection and probably even less. Here,
oo, it must be remembered that we have not yet carried out
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Table 2
\verage 2¢haor eseretion
ACTE | umber 7T s i
3 oticands
Cane n;;ﬂf-“ ‘of davs ’ 1-ketosteraidy muum‘m ! filucocor-
| m e ticols 3
Y 0 6 {predrestmenn ] o D36
2y 6 061
8 5 136
125 s 158
2 3 2409
50 ! 32

2 [Average  Period

V] Control 183
o 1 163
125 1 100
100 m 10.1%
160 13 2

Effect of various doses of ACTH on the urinary escretion of steronds
mn 2 patients. The aterage excretion value 1 caleulated for each dose
level 1n case 21 and for each period of treatment in case 22,

any systemafic experiments. In order to clucidate this problem,
a comparison of the adrenal cortical response obtaned in two
groups of patients will be gnen. The first group consists of 3
cases 2 (Fig. 4, 3, 4 and § (Fig. 8). Case b was trealed with
75--100 mg. of ACTH administered 1n one daily injection, case
2 and case 3 reccived 120 and 100 mg ACTH/24 hrs. respec-
tively divided up 1nto three doses of 40 mg. 1 case 2 and 20,
40 and 40 mg. 1 case 3. The other group cousists of cases 6.
8,9, 10, 16 and 19 ltustrated in Plate 1. In these cases the dose
was around 30—40 mgJ/24 hrs 1% is evident that the utihza-
tion of the hormone administered was iderably greater in
the last-mentioned group than n the first group, On the other
hand, the utilization must be a great deal more than 10 mg.
gven an a single injection. This 18 most clearly seen i case 5
who recerved a ingh damly dose wn one single injection. The
corficoids increased to a maumum of 4.25 mg. and the 17-
ketosteroids reached 17 9 mg./24 hrs. (the upper normal range

ge
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Effect of ACTH admimistration durmng 4 periods on excretion of
17-ketosteroids and corticords The average excretion value for each
of the periods 1s plotted agamst the average dose of mg ACTI, log
scale (Case 22)

for a woman of her age is 0.90 and 94_0 mg. respectively). Such
a high increase m the urinary steroids was only seen 1n our
cases when the 24-hour dose was at least 30 mg The utiliza-
tion of the single doses of ACTH 1n case 2 corresponded close-
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17 to the above mentioned value though somewhat lower
case 3. From the present material it is not possible to establish
the exact size of he Jargest single dose which can be com-
pletely utilized but it seems to be of the order of 20 to 30 mg.,
presumahbly with rather large individual vanations.

In the above mentioned 3 cases subjected to a hgh dosage
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TAfect of lugh dosage of ACTH on the urmary excretion of corticoid>
and 17 ketosteroids in 3 cases .\ decreased corticord response 1s seen
m eane 3 el 5 after 89 days’ treatment

of ACTH a pecuhartty in the course of the steroid excretion
curnes was observed. In all the cases a marked rise 1n the ex-
cretion of sterowds was seen durmg the farst few days of treat-
ment, indieating an adequate adrenal cortical reserve, hut after
9—10 days a striling decrease in the excretion of corticords
occurred. In case 3 a deercased eosinophil response oceurred at
the same time In case 5 a parallel decrease was scen 1n the
exceretion of the biologically assayed glucocorticoids and the
17-hetosteroids. In tlus latter case the ACTH dose was reduced
at this time and a new steep merease in the excretion was ob-
served. It was believed that an overdosage had resulted in ex-
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haustion of the adrenal cortex. If, however, only a hmited
amount of the datly dose of ACTH referred to was utilized,
such an explanation is not particularly satisfactory, nor does
it explamn the fact {hat a marhed increase in the urinary ste-
roids also accurred in case 3 in spite of the continued and un-
changed high dosage of ACTIL

The effect of ACTH on the ratio belween corticoids and 17-
Letosteroids excreled in the urine,

In several cases a definile paralellism 1s found between
the excretion curves for corticoids and 17-ketosteroids during
the administration of ACTH especially with regard to the
sariations obsersed from day lo day It is remarkable, how-
ever, that in most cases the percentage merease above the pre-
treatment Ievel is more marhed in the excretion of corticoids
than of 17-Letosterowds. This difference 1 often found on the
first day of lreatment, and in several cases the corticaids
reached the maximum point of the excretion eurve before the
17-ketosteroids, These differences in the response are clearly
llustrated in case 6, 8 and 13 (Plate 1) and by the data given
in Table 1, In case 13 the t7-ketosterods mercased from 3.0
mg. {o the maximum 9 0 mg 124 hrs. which is within the normal
range, while the corticoids increased from 1.7 to § 50 mg /24
hrs, Oedema, however, developed at this stage and treatment
had to be disc d as the ) was considered
to be due to an overdose of ACTH.

Only 1n one case {10} was the oppasite ohserved, as the
17-ketosterords increased to a maximum of 399 mg/24 hrs.
or 1008 per cent while the corticoids reached 3 44 mg /24 hrs.
or B50 per cent.

These differences in the exeretion of the two groups of
steroids suggest that they are praduced wndependently of each
other in the adrenal cortex Venmng & Ramin (1916) show
that the exeretion of corticoids reach the adult level during
the first few years of fife, wiile the 17-ketosteroids rise slowly
with increasing age We have therefore been particularly m-
terested in determining whether these charactersstic dif-
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ferences can alse be seen during ACTH administration. Be-
cause of inadequate quantities of ACTH at our disposal it has
unfortunately only been possible to carry out two such ex-
periments.

In the first experiment (case 20, a gurl, age 20 months)
ACTH was administered during a period of 7 days with 2
total daily dose of 6 mg. during the first 6 days, and of 12 mg.
on the 7th day, all these doses being divided into 4 injections.
During the treatment the reducing corticoids increased from
0.14 to 0.94 mg./24 hrs. and the glucocorticoids increased from
21 ug to 185 ug24 hrs. The 17-ketosteroids were at first de-
creased, and a shght rise was observed only during the last
two days of treatment (Fig. 9).

In the second experiment (case 21, a girl, age 10 years)
ACTH from the same preparation was given in various doses.
Calenialed on a weight hasis, however, the dose was of 2
simular range as used in the {irst experiment. During the furst
period of treatment (Fig 9) a marked increase in the 24-hour
urinary excretion of corticoids was observed: The reducing
corticoids rose from 0.36 to a maximum of 5.49 mg. and the
glucocorticoids from 43 pg to 585 ug whilst during the same
period the 17-ketosteroids only increased from 1.0 to 25 mg
per 24 hours Afler treatment for 14 days and when the dose of
ACTH had been increased to 50 mg. the 17-ketosteroids rose
to 4 7 mg/24 hrs. By comparing the sleroid excretion salues
found in case 20 with those usually observed wn cases of adult
subjects (for example case 5) the values for the 10 years old
girl appear to e midway

The treatment of this patient was continued for a period
of 70 days During 3 periods a relatively high dosage of ACTH
was given, winle only 2 mg. per day was administered for one
meonth between the first two periods and for some time after
the second period. Numerous steroid analyses were performed
and the resulfs obtained are shown in Fig. 10 During the
pertod of low dosage the excretion of corticoids was slightly
bul constanily raised winle the excretton of 17-hetosteronds
duning the first period sarted a hittle from day to day though
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Effect of ACTH administration on the excretion of reducing corti~
coids, glucocorticoids and 17-ketosteroids in 2 girls
(age 123 and 10 years).

the average level was unaltered After 50 days’ treatment, how.
ever, 1t is interesting to note that there was a distinctly in.
creased excretion of 17-ketosteroids, 1n spite of the continued
low dosage of ACTH This increase was still more marhed
during the 14 days of low dosage which followed the secony
Perod of ugh dosage The adrenal cortical response, as meas-
ured by the corticoid exerction, was rather poor during the
second period of lugh dosage (a decreased eosinophil response
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Lffect of ACTH administration on the excretion of corticoids and
17-ketosteroids 1n a long-term experiment with a 10-year old gul
The results are ilustrated as percentage change from the
pre-treatment lesel

was also found and the condition improved only shghtly,
(Astrup et al, 1950)). Subsequently, the treatment was dis-
continued for 20 days during which pre-treatnient salues for
the steroids were agamn found. When after thus time the third
pertod of high dosage was mbtiated the adrenal cortical re-
sponse was sumilar to that found at the beginning of the treat-
ment

The excrelion of steroids during prolonged admimstration of
ACTH

An intensive study of the clinical effect of ACTH 1n various
diseases has been performed for one year all over the world
and it is now cvident that the beneficial effects generally cease
shortly after discontinuation of the ACTH admimistration, at
any rate i the majority of cases which come under the head-
ing of chronic rheumatic diseases. Thus f there 1s to he any
hope of a lasting improvement, the treatment should un
doubtedly be conlinued over a long pertod.
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The prerequisites for henefictal effects with ACTH in such
Tong-term experiments are first of all that the adrenal cortical
responsc should he maintained and secondly that antihormone
formation should not take place

In a few cases we have had the opportunity of studying
the steroid excretion in long-term experiments and the results
in 4 such cases are described Attempts have also been made
m 3 cases to investigate the effects of small doses

Case 21 has already been mentioned The treatment apart
from an interruption of 20 days was given over a period of
96 days.

Case 23 (female, agie 40) recerved treatment for 130 days.
ACTH was adminmistered 1n doses of 25 mg daily for 3 days,
125 mg daily for 2 days and subsequently 5 mg. daily for a
long period The results are shown 1 Fig 11. A stniking in-
crease 1n the excretion of corticords from 072 mg to 465
mg/24 hrs 1mmediately occurred whilst the 17-hetosteroids
increased from 55 mg. to a maximum of 214 mg/24 hrs,
which is twice as much as the upper normal limt During
the following period of low dosage the excretion level of the
corticoids was still slightly raised but tended to fluctuate with
a rythm of 14 days duration. The excretion of 17-ketosteroids
varied a great deal and the average level was not defimitely
raised As the clmical etfect during this period was remarkably
good the treatment was stopped on the 72nd day Immediately
the steroids fell to values a httle helow the pre-treatment level
After a week. low doses of ACTH were agan given but with-
out any effect on the urinary steroids When the amount of
ACTH was 1mncreased to 50 mg per day for 4 days, only a very
shight increase 1n the corticord excrelion was found and an
even shighier increase 1 the 17-hetosteroids After a weck the
response had almost disappeared

Case 24 (female, age 59) recerved periodic treatment (Fig
11). The mtial rise 1n the steroids was not so marked as 1n
case 23. In this patient a poor response to the treatment
was seen after 40 days, but after this there was no necrease
at all, even after 100 mg. of ACTH for one day
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Fig 10
Effect of ACTII admmistration on the excretion of cotticords and
17 hetosteroids mn a long-term experiment will a 10-year old girl
The results are tllustrated as percentage change from the
pre-treatment level

was also found and the condition improved only slightly,
(Astrup et al, 1950)). Subsequently, the treatment was dis-
continued for 20 days during wliuch pre-treatment values for
the steroids were again found. When after this tume the third
period of high dosage was ihated the adrenal cortical re-
sponse was sumilar fo that found at the beginmng of the treat-
ment.

The excrelion of steroids during prolonged admunistration of
ACTH

An intensive study of the chinreal effect of ACTH 1n various
diseases has been performed for one year all over the world
and it 1~ now evident that the heneficial effeets generally cease
shortly after discontinuation of the ACTH admumstration, at
any rate 1n the majority of cases which come under the head-
ng of chronie rhieumatic diseases Thus if there s to be anv
hope of 2 Jasting 1mprovement, the treatment should un
doubtedly be continued over a long period.
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there was a fall in the steroid excretion to low values (Fig. 11)
In the meantime a change had been made to a new bateh of
ACTH and when this was slandardized it was found o be
only half as active as the previous hateh thus explaining the
findings in the steroid exeretion in this case.

DISCUSSION

As the effects and many of the metabolic changes ohserved
during the administralion of ACTH will be, or have been re-
porled efsenhiere the discussion will be restrieted to the resuits
<f the steroid analyses.

In imvestigations on the therapeutic effeet of ACTH # 18 in
most cases possible £o obtain an evaluation of the functional
condtion of the adrenal corlex by a defernunation of the
unmary stereids before and during the first two days of treat-
ment,

Tests for the evaluation of the funchonal condilion of the
adrenaf cortex can be very useful i clinical diagnosss, parts-
<nlarly in eases with hypofunction of the gland. This condition
may partly be primary and due to disease in the adrenat gland
setf, and partly secondary, due to diseases i the hypophysis
and bypothalamus, or to other disturbances in the prtmitary-
adrenal relationship. Thorn et al. (1949) who have worhed out
the adrenaline and ACTH tess airendy referred to, seem lo
attach most importance to the changes 1n the number of air-
culnling eosinophil leucocytes, winfe Mcfnfosh et af (1930}
emphasize that stercid anatyses offer more rehable informa-
tion as & result of studies on the effects produced wm an 8-hour
ACTH lest in 12 cases with luitary tumours, al} of which
showed evidence of hypofunction of the anterior piturtary
sland. As we have not as yet sufficrent material to deal with
both of these tests for adrenal eorhical response, 1t 1S 1Mpos-
sible to make any contribution to this question. On the other
hand there seems to be good reason for modifying the $8-hour
ACTH test to include a determnation of the urinary corticeids,
2s further information has been obtained m some cases, m the
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Fig 1t
Development of a refractory state in long-term experiments
with ACTH

Case 22 (male, age 59) recerved treatment for 26 days in
4 periods with free mtervals of 5—7 days’ duration. A good
response was obtained and it continued unchanged throughout
the periods (Fig. 6).

Case 25 (female, age 69) was also treated for a long time
with small doses of ACTH This case is mentioned here i
order to emphasize the importance of using only standardized
preparations in all these experiments. ACTH was administered
in doses of 20, 20 and 10 mg. duning the first 3 days and sub-
sequently in small doses At onc pomnt (v). as i case 23,
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In several cases it has been possible to obfain a reasonably
good and reliable measure of the functional state of the adrenal
cortex by a determunation of the urinary steroids during a
pesiod of 34 days before the ireaiment (Fig. 1). In a fen
cases, however, in which the stercids were excreted at a low
level during this conirol period, the response to ACTH was
found fo be entirely normal. Hypopituitarism of short dura-
tion in which an atrophy of the adrenal cortical cells hias not
set taken place appears o be the most reasonalile explana-
tion in sueh cases. As typieal examples case 8 ard 9 shouid
be mentioned. Both of these patients were suffering from
severe stress due {o the effeets of acule disease (Videbaek ef ol |
1850) and an incrensed elaboration and excretwn of cartieal
steroids was therefore to be expeeted. As the immediate re-
sponse to ACTH was normal, exhaustion could be excinded
The most reasonable explanation therefore, must he an acute
fuiture occursing at a higher level 10 the system, most probably
in the link: hypothalamus-hypophysis. One mnght be fed to
bebseve that actte thenmatic fever either actually develops from,
or iy in some way closely relaled to such a fature in tius
system through which the adaptation to stross s established.
This would also explain why ACTH treatment has such a
{avorable effect in this disease.

When studying the clineal efects of ACTH treatment or
the adrenal cortieal sesponse in tests for the evaluation of
ne functional condition of the gland, 1t is of conrse of para-
mount imporfance that an adequate dose of ACTH be grnen
Up 41 now, however, only a few attempts have been made to
establish the dosage suitable for treatment with thys hormone.
According to most of the reports from U $ A Farly large
doses hune been used here, mostly 75-—100 mg per day or
T\eh more sn some mstances. In other ceptres hmited amonunts
of hormone hane been avaitable and for this reason it has
been necessary to mse the smallest dose which 15 effectie
chmcally, The problems 2s 2 whole 1s sttll unsolved and 15
further complicated by the fact that as yet hitle 15 hnown
about the amount of ACTH necessary for the elaboration of
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<ame way as the corticoids seem to give a more reliable indwca-
tion of the adrenal cortical response to ACTH than do the 17-
ketosteroids. According to our experience the results of sterod
analyses performed in a 48-hour ACTH test or during the first
two days of ACTH treatment can be explained as follows: 1)
If no increase of steroids 1s found, there is complete insuf-
ficiency. 2) A slight mnecrease in the urinary steroids on the
first day which fails to rise any further on the second day or
is possibly only found on the second day, suggests a relative
insufficiency (hypofunction) and also a poor adrenal cortical
reserve. 3) Marked and progressive increase beginning from
the first day, and frequently amounting in the case of the
corticoids to several hundred per cent, and ranging to the upper
normal himit or a httle above for the 17-hetosteroids indicales
a normal adrenal cortical function and an adequate reserie.
Furthermore the findings illustrated in Fig. 3 (Addiser’s
disease) ndicate that there is a dissociation of the adrenal
cortical function with a complete androgenic msufficiency
and a relatne nsufficieney with regard to the corticoids.

The 4 cases with hypofunction showed no symploms of
insufficiency and should be classified under the second group
in which most of the cases are presumably secondary to a hype-
pituitarism or to a fwlure mn the link. hypothalamus-anterior
pituitary gland. In the cases mentioned 1t 1s interesting to
note that on cessation of treatment the steroids only returned
to the pre-treatment level very slowly from the slightly raised
values obtained during stimulation This suggests a regencra-
tion of the cortical cells resulting m an improved function
which cannot, howeser continue for more than a few days
after sbmulation has ccased In such eases treatment with
ACTH should. therefore also be gnen provided the proper
treatment 1 preceeded by a period during which the adrenal
cortical funclion s carefully built up by <small but adequalc
doses of ACTH In all probalilily this will also prove to be
of great practical importance as a means of preventing shoch
and other complications following mnjor surgery in cases of
an impaired adrenal cortical function (Roche et al, 1950),
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ments on a haby. it is, however, our experience that this dose
s somewhat higher in the case of adults and probably only
shghtly lower than the dose mentioned above for the 17-keto-
steroids, It §s reasenable {o supposc that the production and
secrelion of endogencous ACTH is suppressed when ACTH is
administered and that if this suppression is complete the
minimum effective dose should be equal the amount produced
by the hypophiysis, If the suppression is not complete the re-
maining amount of endogenous ACTH should be added to the
minimum ellective dose in order to delermine the capacty of
the hypophysis. ¢) The 24-hour exerelion in normal women
ranges from 0.40 to 8.90 for corticoids and 210 mg. for 17-
ketosteroids, in the case of the fatter there are marked ‘aria-
tions which are d dent an age (H: ger, 1918). These
figures are comparable with the {igures grven for the extra ex-
cretion found, when a dose of about (20)-30 mg per 24 hours
of ACTH was given to adulfs with an intact adrenal cortieal
function.

From the above it can he concluded that admumstration of
ACTH in doses ranging to an upper lmit of about 15 mg
per 23 hours is within the normal physiological limits At
the same time it should be poinied out that the muntmum
therapeutic effective dose in several cases appears to be larger
than that referred to above but in some cases 1t appears pos-
sible {0 oblain o therapeutic effect with such a small dose

Al the above ealculations are hased on the fact that the
amounts of steroids excrcted were found to be a fuaction of
the dose employed. In the case of the 17-ketosteroids ths 1s
confirmed by Luft (1950) who found that the relationship was
entirely similar to that described here. Hills & Thorn (1818)
found a simitar relationship between the fall i the number
of circulating eosinophils and the dose of ACTH ghen in a
single injection. This lest seems 1o be very sensitrve m so fat
that the response to very low doses (ahout 4 mg/ is seen
€\en in aduits, and experience has shown fhat the eosinophils
Texch zero or very low values after the admimstration of 25
Mg, of ACTH for ope or a few days In many of the cases

Acta endocrinol Vol 5 11 "o
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the cortical steroids required under different conditions. It
is therefore of interest to sum up the known facts about this
problem and compare them with the results of our own ex-
periments. Sayers ef al. (1949) suggest that the pituitary gland
in a normal adult person contains about 20 mg. ACTH and that
50 per cent can be liberated under conditions of severe stress,
provided the conditions are similar to those found in experi-
ments in animals. Corcoran & Page (1848) have stated that
only 0.05 per cent of the corticoids in the blood which pass
through the kidneys is excreted in the urine, and this amount
was found by Venning & Kazmin (1946) to average about 50
g per 24 hours in the case of normal adult subjects. Provided
that a continuous elaboration and secretion of these sterouds
go on in the adrenal cortex it can be roughly estimated that
about 100 mg. are produced in 24 hours allowing of course for
certain vaniations which are dependent on the demands made
on the organism. Assuming that this elaboration entirely de-
pends on the amount of ACTH secreted should be of the order
of 16 mg. as Thorn & Forsham (1949) showed that this
amount of ACTH is equivalent to 100 mg. compound E as
measured by their effect on the circulating eosinophils.

A number of these calculations must be considered as only
approximate but nevertheless the results of our experiments
show them to be highly probable as can be scen from the fol-
lowing a) By studying the alterations in the urinary steroids
in the case subjected to a major operation (Fig. 2) and com-
paring the results with the dose-response curve in case 22
(Fig. 6) it will be seen that the increase in 17-hetosteroids on
the second day after the operation corresponds to the increase
produced by a dose of about 20 mg. ACTH admnistered during
24 hours. b) By comparing the results obtained 1n cases 21
{Fig. 5) and 22 (Fig 6) 1t will be seen that the minimum ef-
feclive dose necessary lo produce an increased excretion of
17-ketosteroids in hoth cases was of the order of 12-—14 mg.
per 24 hours. With regard to the corticoids the minimum ef-
fective dose in case 21 was found to be only 5—6 mg. which

is similar to the amount given by Venning (1950) in experi-
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at the same tune wncreased demands on the cortical hormanes,
as oceurs in cases of infections, trauma and other severe forms
of stress. Sayers & Snyers (1948) have dealt wath this subject
in great detail. It has heen menlioned that the peculiar tweo-
yeak exeretion curves in cases 2, 3 and 5 can perhaps he ex-
pimined by a relative averdesage. As can be seen the single dose
in cach of the three cases was very high, and therefore tt
seents possible that the whele of the potential resemve of the
adrenal cortex was used up after cach injection. In all the
cases the decreased respanse aceurred on the 9th—10{h day of
treatment, and the possibility of allergic phenomena cannot
be excluded.

The dissaciation belween the excretion of corlicords and
17-hetosteroids during ACTH administration 1s clearly indicat-
ed by the greater percentage mcrease in corlicofds, which are
also often the first to reach the maximum level. This dissocia-
tion appears to be very charactersstic and has been previously
observed by Sayers et al. (1949) who discussed the possibility
of 2 comversion of cotticoids into 17-helosterords by @ degrada-
tion in the liver or other tissues. The mcrease i 17-hetoste-
foids during ACTH treatment and the different excrelion rate
of the steroids mentioned ahote could be evplained m the
rolXo“ing manner. Thora & Forskam (1949} obsecved a small
merease in the urinary 17-hetosteroids during the administra-
tion of cortisone which we hate also obscried in our labo-
Tatory. Only very small quantities, howeser, seem to be con-
verted even when large amounts of cortisone are administered,
and it a5 therefore difficult ta believe that the greatly werensed
tlerebon of 17-hefosteroads often seen during ACTH treat-
ment could arise from an increase in the corticaids

In the discussion of this problem the findings made ur
Cushing's syndrome are worlh recalling. In several of these
ases a greatly increased excrelion of corticonds is found winle
the 17.ketosteroids in many of the cases do not exceed the
highest normal hmit. Exactly similar conditons were found,
rf“' example, in cases 13 and 16 in which the corticord exere~
tion amounted to 2 30 ana 5.50 mg. per 21 hours respectriely

to*



134

treated with ACTH the practical value of this test is greatly
limited because of the narrow range of dosage.

The total daily dose of ACTH has usually been administered
1n divided doses over 24 hours without any systematic in-
vestigation as to whether this method of administration 15
necessary. In experiments on normal human subjects Recant
et al. (1950) found a relative refractory period up to 8 hours
after a single injection of 25 mg. ACTH intramuscularly, which
correspands closely to the changes found in the adrenal con-
tent of ascorbic acid and cholesterol following ACTH stimula-
tion. A consideration of the results of our own investigations
on the basis of these fundamental facts, suggest the following
conclusions: in the case of normal adrenal cortical reserve and
with a daily dose which does not exceed the maximal single
dose of utilization (i.e. about 20 mg.) per 24-hour, the re-
sponse as measured by the urinary steroids appears to be the
same whether the hormone 1s given in a single injection of
n divided doses over the 24 hours. If larger amounts of ACTH
arc administered the greatest effect is obtained by dwviding the
24-hour dose mnto injections given every 6—8 hours, as can
be seen by comparing for example, cases 2, 5 and 10. In the case
of reduced adrenal cortical reserve there 1s no doubt that con-
siderably smaller quantities of ACTH arc utilized with each
mnjection, but 1t 15, as yet, impossible {o decide whether the
relative refractory period 1s of the same duration as that found
undet normal conditions, or whether 1t 15 longer. As previously
mentioned 1t is possuible 1in such cases to promote the activty
of the adrenal cortex by prolonged stimulation with small
doses of ACTH, thus increasing the amounts of hormone which
can be utilized.

In the chimcal use of ACTH, the question arises as to whe-
ther there is a possilnlity of overdosage 1 c. Whether this might
cause a fatal exhaustion of the adrenal cortex Under normal
conditions and in the case of a normal functional state of the
adrenal cortex there is probably no great danger of this oc-
curing. In cases of an impaured function there s undoubtedly

a risk especially in those cases in which tlte organism makes
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as compared with these in adults, showed that the 17-heto-
steroids only increase very slightly and that the younger the
child the smaller the increase, while the rise in corticoids cor-
responds to that found in adults. These results definitely in-
dicate that st must be the capacity of the adrenal gland itself
fo efaborate 17-ketosteroids which is only litile devcloped in
children. The total result of the investigations in case 21 (Fig.
10) supports this conception, as the 17-ketosteroids were de-
cidedly increased after 50 days of ACTH treatment, 1n spite of
the fact that the dose was unaliered, thus suggesting an in-
cipient malunty of the androgenic or 17-hetosterord producing
function of the adrenal cortex. Further investigations are ne-
cessary for the final clarification of these questions In such
experiments it is undoubtedly important to tahe into conside-
ration the actual size of the dose and it would be reasonable to
caleulate this on basis of the hody weight in arder to be able
to compare the results obtained in children and in adults.

In the aailable literature only a few determinations of the
steroid excretion in long-term experiments with ACTH are re-
ported Adams (1950) ohsersed a reduced eosinophil response
in several cases after 20—30 days’ treatment and later no re-
Sbonse at all. This 1s deseribed as sescape from ACTH« though
1t has not heen possible to give a definite explanation for this
Phenomenon. Mason (1950) studied the steroid excretion m
one case trealed with ACTH for a period of 87 days and did
not find any change in the response. In the present materiat
the sescape phenomenone was observed in two cases (23 and
24): in case 23 after the administration of ACTH for 70 days,
and i case 24 after about 40 days. In the first case the sedi-
™mentation rate began to increase at the same time. In both
fhese cases there were no sympioms of sufficiency of the
adrenal cortex, and exhaustion seems o be excluded. The most
Ukely explanation of the phenomenon would seem to be the
formation of antibodies (antthormones?). Farsham (1950) has
observed decreasing eosi phil resp to ACTH admi
red.ln repeated periods. In case 22 the treatment was ghen
during 4 periods but no change was found n the response as
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while the 17-ketosteroids were not inereased heyond the
normal range. The reversed ratio between the groups of
steroids which is scen in cases of the so-catled adrenogenital
syndrome has not heen obsersed during ACTI treatment, bul
in one of the cases (case 1) there was a grealer percentage
increase in the exeretion of 17-ketosteroids than in that of
corticoids. As the ACTH preparation used in this case pro-
duced n rather marked offect on the 17-helosteroid excrelion
in sotne other cases, we have considered the possibility of a
qualitative difference in the different ACTH preparatiens ie
whether ACTH 18 » homogencous materia) or whether it con-
sists of several trophic factors, each of which is concerned
with the elaboration of corticoids and 17-hetosteroids respect-
ively. This problem has been previously dealt with in detail
by Iteiss (1918) and Sayers & Sayers (1918} and {he falter
nestigators in particular slress the unuarian conceplion a5
the most bikely Investigations on steroid excretion in children
seem to be parlicularly suitable for the further clucidation of
the question smee there s a distinet difference in the exere-
tion ratio between the corticords and the 17-hetosteroids, as
compared with the values found in adults. This does not ap-
pear to be due to differences i the mntermediate steroid mela-
bolism, as stressed by Taibot et al. (1830), who point out that
testosterone propionate given to cluldren is converted into and
exereted as 17-hetosteroids n the same way as in the adult
Tkerefore as stated by the authors mentioned above only two
other explanations seem to be possihle. 1) that ACTH consists
of two different trophic factors, one stimulating the clabori-
tion of corticords and the other concerned with 17-ketosteroid
production, the latter factor being produced 1n larger amounts
only with increasing age. and 2) that the capacity of the adre-
nal cortex o form 17-ketosteroids or their precursors s only
developed slowly, reaching a maxumum at about the age of
puberty. Talbot et al found that admunistration of ACTH to
children had the same cffect on the excretion of 17-ketosteroids
as 1n adults, and this strongly supports possibility 1), whalst
the results of our experiments mn children (case 20 and 21)
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as compared with those in adults, showed that the 17-heto-
steroids onty increase very slightly and that the younger the
child the smaller the increase, while the tise in corticoids cor-
responds to that found in adults. These results definitely in-
dicate that it must be the capacity of the adrenal gland itself
1o elaborate 17-hetosteroids which is only lLittle deseloped in
children. The tota) result of the investigations in case 21 {Fig.
10) supports this coneeption, as the 17-ketosteroids were de-
cidedly increased alter 50 days of ACTH treatment, 1n spite of
the fact that the dose was unaltered, thus suggesting an in-
cipient maturity of the androgenic or 17-hetosterod producing
function of the adrenal cortex. Further investigations are ne-
cessary for the final clarification of these questions. In such
experiments it is undoubtedly important to take into conside-
ration the actual size of the dose and it would be reasonable to
caleulate this on basis of the body weight in order to be able
to compare the results obtained in children and m adults.

in the avalable literature only a few determinations of the
steroid excretion in long-term experiments with ACTH are re-
vorted, Adams (1950) ohserved a reduced cosinophil response
in several cases after 20—30 days’ treatment and later no re-
sponse at all, This is described as »eseape from ACTH« though
1t has not heen possible to give a defimte explanation for this
phenomenon, Mason (1950) studied the steroid excretion
one tase treated with ACTH for a period of 87 days and did
tot find any change in the response. In the present matenal
the sescape phenomenona was observed in two cases (23 and
24)3 in case 23 after the administration of ACTH for 70 days.
and in case 24 after ahout 40 days. In the first case the sedi-
mentation rate began to increase at the same time. In both
these cases there were no symptoms of nsufficiency of the
adrenal cortex, and exhaustion seems lo be excluded The most
likely explanation of the phenomenon would seem to be the
formation of antibodies (antihormones?). Forsham (1950) has
observed decreasing eosinophil resp to ACTH ad
l‘ed.m repeated periods. In case 22 the treatment was given
during 4 periods but no change was found in the response as
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measured by the urinary steroids. It should be stressed that
the eosinophil response is a secondary effect of ACTH and
that if it fails to appear this does not necessary mean a de-
creased response of the adrenal cortex to ACTH but may be
duc to an altered reaclivity of the »end organse lo the corli-
coids

In those cases referred to in which only a few steroid ana-
lyses have heen made during treatment with ACTH no parti-
cular information has been obtained except that it can be as-
certained whether the response of the adrenal cortex is con-
stant or changes gradually. This is of special interest in long-
term experiments. In the case of high doses of ACTH in short-
term experiments it should be of interest to investigate the
steroid excretion throughout the whole period of treatment.
In such experiments the method of study used in case 1 and 2
could be used in the future, and an overwhelming large num-
ber of analyses thus avoided. In these cases the urine was col-
lected over periods of 3 days hefore, and during the treatment.
Daily analyses were performed on the first and second day
and from the data thus obtained the functional capacity of
adrenal cortex could readily be ascertained. The potential
functional reserve, as mecasured by the maximum increase
during the following period of treatment, cannot, as is seen
in the two cases, always be assessed by the analyses carried
out 1n the two first days.

SUMMARY

The excretion of corticoids and of 17-ketosteroids in the
urine 1s determined before, during, and after, the administra-
tion of ACTH to 25 patients including 2 children, 15 women
and 8 men suffering from various diseases (chronic rheuma-
toid arthritis, acute rheumatic fever, leucemia, scleroderma,
disseminated lupus erythematosus and Boeck’s sarcoid).

1) a, The normal course of the sterowd cxeretion curves
during ACTH adminstration as determined n cases with nor-
mal adrenal cortical function is described The most characte-
ristic feature found during the administration of ACTH is an
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increase in steroid excretion which takes place as early as
the first day. This continues progressively until a maximum
is reached on the 3th—>5th day. As well as being dependent on
the dosage, the maximum response is subject to rather large
individual vanations.

b. In 4 cases a reduced adrenal cortical function is found
and the results of the steroid analyses are compared with those
obtained from a $8-hour ACTH test performed on a woman
with Addison’s disease. The urinary steroids increase slowly
and irregularly and no distinet maximum is seen, The slow
reaction continues after the discontinuation of the ACTH treat-
ment, and the excretion salues only reach the pre-treatment
level in the course of several days. In some of the cases only
the corticoids showed these characterislic changes. There
seems therefore to be good reason for assessing these steroids
in addition to the 17-ketosteroids in Thorn’s 48-hour test for
the evaluation of the adrenal cortical function.

2} In 2 cases treated with varying doses of ACTH the ave-
rage inerease in the urinary stercids with different dose levels
was caleulated. When these values for excretion were plotted
against the logarithm of the dose a linear relationship was
found. The comparison of these curies with the results of the
other experiments shows that in order to produce an tncrease
in corticord excretion mn children a mmimum effective dose of
5—6 mg. ACTH/24 hours must be administered In adults this
is about 12 mg., while the corresponding figures in the case
of 17-ketosteroids are about 12 and 14 mg./24 hours respective-
ly. There 1s evidence that the doses mentioned correspond to
the amounts of ACTH actually elaborated by the hypophysis

3) In 3 cases treated with high doses of ACTH a decrease
1n corticoid excretion is seen after 9 to 10 days and 1n one of
the cases, a decrease in the 17-ketosteroid exeretion. The possi-
bility of exhaustion is discussed, and it 1s pointed out that the
adrenal cortex may become depleted of corticords when the
maximum dose 1s adminustered 1n a single injection In adults,
this maximum dose 1s apparently between 20 and 30 mg.

1) In most of the cases a greater percentage increase is
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measured by the urinary steroids. It should be stressed that
the inophil resy is a fary effect of ACTH and
that if it fails to appear this docs not necessary mean a de-
creased response of the adrenal <ortex to ACTH but may be
due to an altered reactivity of the »end organs« to the corti-
coids,

In those cases referred to in which only a few steroid ana-
lyses have heen made during treatment with ACTH no parti-
cular information has been obtained except that it can be as-
certained whether the response of the adrenal cortex is con-
stant or changes gradually. This is of special interest in long-
term experiments In the case of high doses of ACTH in short-
term experiments 1t should he of interest to investigate {he
steroid excretion throughout the whole period of treatment.
In such experiments the method of study used in case 1 and 2
could he used in the future, and an overwhelming large nun:-
ber of analyses thus avoided. In these cases the urine was col-
lected over periods of 3 days before, and during the treatment.
Daily analyses were performed on the first and second day
and from the data thus obtained the functional capacity of
adrenal cortex could readily be ascertained. The potential
functional reserve, as measured by the maximum increase
during the following period of treatment, cannot, as is seen
in the two cases. always be assessed by the analyses carried
out n the two first days.

SUMMARY

‘The excrehion of corticoids and of 17-kelosleroids in the
urine 1s delermined before, during, and after, the admimstra-
tion of ACTH to 25 pahents including 2 children, 15 women
and 8 men suffering from sarious diseases (chronic rheuma-
told arthritis, acute rheumatic fever, leucemia, scleroderma,

ted lupus eryth t and Boech’s sarcoid).

1) a. The normal course of the sterowd exerction curves
during ACTH administration as determned 1n cases with nor-
mal adrenal cortical function fs described The most characte-
re found during the administration of ACTH is an

ristic featu
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found in corticoid excretion than in the 17-Letosteroids. This
is clear as early as the first day of ACTH treatment. This dif-
Terence in the excretion rate of the two groups of steroids,
under normal conditions, is particular marked in infants as
compared with adults. During ACTH admunistration to 2 chil-
dren, the excretion of corticoids increased in a manner similar
to that found in adults, while the 17-ketosteroids increased
only slightly. In one of the cases a commencing »>maturity« of
the androgenic function of the adrenal corfex was scen after
50 days of ACTH treatment. The results indicate that corti-
coids and 17-ketosteroids are produced independently of each
other in the adrenal cortex The androgenic function (or ability
to elaborate 17-ketosteroids or their precursors) is only fully
developed at the time of puberty.

5) In long-term experiments with ACTH a refractory state
was observed in 2 cases after 70 and 40 days of treatment re-
spectively after which time no increase in the steroid excretion
was seen even when the dose of ACTH was increased. After
50 days’ treatment of a child, a decreased corticoid response
was seen together with a normal or shghtly mncreased 17-heto-
steroid response. The possility of antibody (antihormone?)
formation 1s discussed.
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Separatum Acla endocrinologica 6, 133—146, 1951,

From the iformone Department of the State Serum
Institute, Copenhagen.

INVESTIGATIONS ON THE BIOLOGICAL
DETERMINATION OF GLUCOCORTICOIDS
BY
MOGENS SPRECHLER

In 1942 Reineche and Kendall warked out a method for the
biological determination of the Yed gl ticoids which
are produced by the adrenal cortex. Subsequently several mo-
difications appeared. All of these methods are 1n principle
based on the ability of the glucocorticoids to deposit glycogen
m the liver of the adrenalectomized rat or mouse, As previous-
1y mentioned (Sprechler, 1949), the method of Venning, Kaz-
min & Bell (1946) scems to be sufficiently sensitive for the
determination of the small amounts of glucocorticoids ex-
ereted in the unne of normal man. As it was ntended i the
bresent study to include methods for the determination of the
urinary corticoids, the method of Venning et al was examined
at the end of 1947,

Method, The procedure devised by the authors has been
strietly followed and, only a short description will therefore
be given here,

As test amimals, male white mice from our own colony were used.
The weight ranged from 20 to 25 £M. 1 most cases Just aboie 20
£m. The animals were anesthetized with ether and adrenalectomized
by the lumbar route Afterwords they were placed 1n a box at a
<onstant temperature: 28° C. 4 1° and kept on a constant diet con-
taming: 600 grn. casemn, 1200 gm baked wheat starch, 8 gm. sodwum
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biological determinati of the lled gl ticoids which
e praduced by the adrenal cortex. Subsequently several ma-
difications appeared, All of these methods are in principle
!Jaswj on the ability of the glucocorticoids to deposit glycogen
It the liver of the adrenalectomized rat or mouse. As previous-
fy.m'n““md (Sprechler, 1949), the method of Venning, Kaz-
min & Bell (1946) seems to be sufficiently sensitive for the
determination of the small amounts of glucocorticoids ex-
reted in the urine of normal man. As it was intended in the
hrfse“" study to include methods for the determination of the
urinary corticoids, the method of Venning et al. was examined
at the end of 1947,

Method, The procedure devised by the authors has bheen
stnetly folfoweg and, only a short description will therefore
be given here,

Th;;'::’hammﬂl& male white mice from our own colony were used.
o Tre e 727Eed from 20 10 25 gm, in most cases just above 20
by the I“‘“m&h Were anesthetized with ether and adrenalectomnized
"mshm“'mhar Toute. Afterwards they were placed 1n a box at a
taming prperature: 28° C. 4 1* and hept on a constant diet con
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chloride, 8 gm calcium carbonate, 2 gm. ferric citrate, 2 gm. sodium
jodide, 200 gm. F. ycast and 20 gm. cod liver oil. On tue first post-
operative day 0.9 per cent NaCl contartaing 5 per cent glucose was
gnen as drinking water, and on the following days 09 per cent
saline only. The food is remosed on the afternoon of the third post-
operatise day. The following morming the drinking water is alse
removed and the mice transferred to clean cages From 900 a m
to 2.15 p. m. the material to be tested is given subcutaneously in 7
equal doses, the first three are giien at intervals of 45 minutes and
the remaining four at hourly intervals One hour after the last in-
Jectton the mice are killed and within 30 seconds the hser is removed
and immediately frozen between two plates of dry 1ce. After weighing,
the hivers are dropped into centrifuge tubes contaming 2 mi of 30
per cent KOH which have previously been placed m a boiling water
bath The tubes are shaken several times for the next S0 minutes
after which all the tissues is dissohed After cooling, the giytogen
is precipitated by adding % ml. of 1 per cent sodium sulphate solu-
tion and 6 ml of 95 per cent alcohol and stirring The next morning
the tubes are centrifuged for 20 minutes. The supernatant lhiquid 18
remoted by suction and the precipitate 1s dissolved i 1 ml of distil-
led water, precipitated by means of sodium sulphate and aleohol,
heated on a water bath to boiling point, and then cooled and centri-
fuged. Thia washing and precipitation 1s repeated once more but this
tune without the sodium sulphate. After drying overnight, the glyco-
gen 1s dissolved mn 2 ml of distilled water and 2 mJ 10 N 11,80, are
added, after which the hydrolysis 18 carried out by heating on 8
boiling water bath for 30 minutes After cooling and neutralization
of the solution the glucose is determmead by the method of Schaffer
« Somogyt (1933) and Semogy: (1937, 1945). The glycogen content is
then obtamned by multiplication wiih the factor 0927 and the result
calculated as mg liver glycogen per 100 gm body weight

Preparations of extracts.

The day before the assay, the test material, 1. e. steroid or
urinary extract, 1s dissolved in absolute alcohol 1n such an
amount that the final solution contams 10 per cent of alcohol.
The total dose administered to each mouse 1s always given in
1.4 ml. (0.2 ml in each injection). In this volume 1s also in-
cluded the required amount of glucose which is referred to
below.

Urinary exiracts. In the case of a normal content of gluco-
corticoids the 24-hour or 48-hour urine can be used, but in
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these case of a fow titer, several 24-hour urines may be neces-
sary if more exact values are required. The urine is acidified
to pH 1 with 40 vol. per cent H,50, (measured with a glass
electrode) and immediately extracted hy shaking vigorousiy
three times with 25 per cent (hy volume} of chloroform in a
separating funnel. Emulsions are brohen by centrifuging. If
the combined chloroform extracts exceed 300 ml. this is eva-
porafed fo a lower volume hefore proceeding with the wash-
ings. Otherwise it is immediately washed with n10 NaQH.
10—20 mi. 3 times, and with distilled water, 10—20 ml. twice
Each washing is extracted back with the same volume of
chioroform which is added {o the combined extract before
going on to the next washing. Afterwards the extract is ewa.
porated to 1—2 ml. in a vacuum distillation apparatus at a
temperature not exceeding 45° C, Finally the extract is trans-
ferred 1o a small test tube with small amounts of chloroform
and evaporated o dryness. The dry residue can be stored in a
refrigerator for a long time without any loss of biologieal ac-
ity

Effect of glucose on the deposition of fiver glycogen in fhe
fasted adrenaleciomized mouse.

Venning et ol. (1916) obtained a high sensitivity in their
assay by the administration of glucose along with the gluco-
corticoids. They found that a maximum dose of 70 mg. glucose
<ould be given »ithoul cansing any <ignificant increase of the
liver glycogen level,

Several control assays with glucose were carried out in this
laboratory partly in order to determine the size of the maxi-
mum dose and also to ensure that no alteration in the sen-
sitivity of the animals occurred from time to time. For a tong
period 70 mg. of glucose was found 1o be a suitable dose. The
few high values for the liver giycogen found especially at the
beginning of the study were in most cases explained by the
fact that remnants of adrenat tissue persisted and were found
by macroscopic examination after the assay. During the last
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chloride, 8 gm. calcium carbonate, 2 gm ferric aitrate, 2 gm. sediunmt
Jodide, 200 gm. F. yeast and 20 gm. cod lner oil. On the first post-
operative day 09 per cent NaCl containing 5 per cent glucose was
given as drinking swater, and on the following days 09 per cent
sahine only. The food 15 remoted on the afierncon of the third post-
operative day. The following morning the drinking water is also
vemoved and the mice transfarred to clean cages From 200 a. m
to 2:15 p. m. the material to be tested is given subcutaneously mn 7
equal dases, the first thiree are given at intervals of 45 minutes and
the remaining four at hourly intervals, One hour after the last in-
Jection the mice are killed and within 30 seconds the hiver 13 removed
and immediately frozen befween two plates of dry ice After weighing,
the livers are dropped into centrifuge tubes containing 2 mbL of 30
per cent KOH which have previously been placed mn a boihing water
bath The tubes are shaken seieral times for the next 30 minutes
after which all the tissues is dissalved. After cooling, the glycogen
is precipitated by adding ¥2 mi. of | per cent sodium sulphate solu-
tion and 6 ml of 95 per cent alcohol and stirring The next morning
the tubes are centrifuged for 20 munutes. The supernatant hquid is
removed by suction and the precipitate 13 dissolved 1n 1 mlL of distrl-
led water, precipitated by means of sedium sulphate and alcohol,
heated on a water bath to boiling pont, and then cooled and centri-
tuged. This washing and precipitation 13 repeated once more bul this
time without the sodium sulphate. After drying overnight, the glyco-
gen 1s dissolved in 2 ml. of distilled water and 2 ml 10 N 1,80, are
added, after which the hydrolysis is carrted out by heating on a
boiling water bath for 30 minutes. After coohng and neutralization
of the solution the glucose 18 determined by the method of Schaffer
o Somogyi (1933) and Somogyr (1937, 1945) The glycogen content id
then obtarned by multiphication with the factor 0927 and the result
calculated as mg lner glycogen per 100 gm bady werght

Preparations of extracts.

The day before the assay. the test material, i. e. steroid or
unnary extract, 1s dissolved in absolute alcohol 1n such an
amount that the final solution contains 10 per cent of aicohol.
The total dose adminstered fo each mouse 1s always given n
1.4 ml. (0.2 ml in each injection). In ihis volume is also in-
cluded the required amount of glucose which is referred to
below.

Urinary extracts. In the case of a normal content of gluco-
cortieoids the 24-hour or 48-hour urmne can be wsed, but in
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In order to determine the effect of glucose administration
together with the glucocorticoids on the sensitivity of the as-
say, the following experiments were carried out: 4 groups of
fasted adrenalectomized mice (each group including 8 ani-
mals) were given 0, 20, 40 and 60 mg. glucose, respectively
and in addition ali of them received 40 pg 17-hydroxy-13-de-
hydrocorticosterane {Cartisone, Cp. E.}. The average values
for the liver glycogen were found to be: 2.1, 1.6, 27.3 and 36.0
mg. per 100 gm. body weight respectively. In another experi-
ment 40, 66 and 80 g of glucocorticoids was administered,
but no glucose. The liver glycogen deposition was 1.9, 1.6 and
2.1; somte of the animals died and all of them were in a very
poor condition during the assay.

Relationship between dose of Cortisone, »Cortine« and urinary
exiracts on the liver glycogen deposition.

As a stondard of reference Corlisone was chosen. The re-
sults of standardization with this steroid are fisted in Table 1.
Experiments were carried out on fhree differept days with
doses of 20, 40, 60 and 80 pg. The indinidual values for the
liver glyeogen are ilfustrated in Fig. 2. Alfhongh great varia-
tion in these values was observed, a linear relationship was
found between the loganthm of the dose and the mean values
of the response.

In a few experiments carried out with the acetate of Cor-
tisone at the same dose Jevels (calculated on the basis of the
fiolecutar weight) we have found that the response 1s some-
what lower at the high dose fevels (40 and 86 pg). This pheno-
menon may be due fo the sery poor solubihily of this substance
causing a delayed absorption in these short-term expenments.

Table 1 also contains the results obtained in experiments
with an adrenal cortical eviract [>Corline¢, Organon) and
urinary extracts obtained from {wo patients hefore (MP-I and
BID) ang during the adminisiration of adrenocorticotrophe
hormone (ACTH) (MP-HI and BJ-1). The calculated regres-
sion fines for the extracts are shown in Fig. 3 compared with



136

few months, however, a new stock of mice has been used, and
in a few control assays there appears to be a slight increase in
the liver glycogen level, suggesting that the dose of glucose is
now too high.

LIVER GLYCOGEN
MG, PER 1006M MoUSE

1T A B .

204

1
>
o

E3 L3 7
MG GLUCOSE PER MOUSE
Fig 1
A Effect of glucose ation on Iner glycogen in fasted adrenal-

ectommzed mice {control assays on 98 ammals) The dose of glucose

18 70 mg The dots represent the individual response. B: Effect of

a dose of glucose on the iner glycogen. Each cross represent the
average result of an assay on §—10 anmmals.

In Fig. 1 A the results of 15 control assays on (98 mice)
treated with 70 mg. of glucose are shown. The dots represent
the individual liver glycogen salues. Apart from the above
mentioned high values the varialion is only within a narrow
range. The results of assays with various doses of glucose are
shown 1n Fig. 1 B Each cross here represents the mean liver
glycogen deposition 1n an assay performed on 4—1¢ animals
and the circles indicate the mean of all the assays. A dose
response curve can be drawn and it is clearly seen that jn-
creasing doses of glucose above 70 mg. result in a steep in-
crease 1n the deposition of hiver glycogen.
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LIVER GLYCOGEN
MG PER 100 GM MOUSE
1004 -
80
60
40
20 - . ) .
T
— L - v v
Vo 20 40 &0
P9 CORTISONE
Fig. 2

Loganthmic dose response curve for 17-hydroxy 11-dehydrocortico-
sterone The small dots represents the mdividual lner glycogen
1alues
the standard curve for Cortisone. The agreement between the
fog. dose-response relationship for Cortisone, »Cortines and
urinary extracts MP-I and BJ-I is clearly indicated by the
fact that the curves are parallel. The curves for the urinary
extracts MP-11 and BJ-II (from the period of ACTH ad-

Mimstration) are undoubtedty somewhat steeper
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Table 1.
Number of Mean liver Standard
Compound ’ Dose mice , alycogen , deviation
17 mg/100 ¢ mouse
17-hydroxy-i11- s/ £
dehydrocortico-
sterone 10 10 238 188
10 10 27.6 (300) 195 (201}
10 10 336 237
20 10 486 195
20 10 317 (509) 237 2L1)
20 10 424 223
40 10 616G 21
40 10 568 (57.4) 182 (21.8)
40 10 538 252
80 0 w3 229
80 10 575 (630) 236 (350)
80 10 701 258
Cortine m]
025 4 368 a7
050 8 508 287
1.00 8 619 262
Urinary extracts Hours’
Mp-I urme
3 8 11 65
6 12 17.3 90
12 8 207 209
MP-TT Ys 12 182 148
U 2 527 204
2 12 51.3 249
1 13 95 293
2 13 802 316
B 3 8 158 126
¢ ki 462 145
12 6 396 255
BI-1I i 11 2095 228
1 n 420 195
2 11 7.7 212
mice trented

Thiser glycogen depositron fasted adr
with Cortisone, Cortine and extracts of urme from 2 patrents: Mi%|
and BJ-I before, MP-1T and BI-1l during the admunistration of
ACTII The standard deviation is culcNuln(ml from the formula
/3
4

§ =+
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specificity of the method. Experiments have heen performed
on 7 cases in whom fhe dingnosis was clear from the cfinical
eourse of the disease. The results are listed in Table 2. Because
of the very low excrelion it is often necessary to make up the
extract from several pooled 21-hour urine specimens. Never-
theless, in several assays it has heen impossible to gite an
exact figure for the low 24-hour excretion when this was he-
low 18 pg. In several of the avsays the liser glycogen did not
exceed the control lesel, indicating a zero vaine for the ex-
cretion. In one case of hypo-pifuitarism very low everetion
values were also found in the three analyses

A correlation between the excretion of glucocorhicords and
the pathological findings was established 1n a case of Cushing's
syndrome due to carcinoma of the adrenal cortex. Before the
operation the excrelion was 3900 pg per 24 hours, and one
month afier the operation 354 and 254 ug per 24 hours were
found on two different days. The corresponding values for 17-
ketosteroids were 207 and 45 8 mgJ/24 hrs respectively. Nor-
mal values were not obtained. Shortly after the last analysis
the patient dred and meiastases were found in the liver and
hones. In alt brobability these were responsible for the in-
ereased production of corticoids post-operatively.

Determinations of the excrelion of glucocorticoids n the
urine of narmal subjects were performed in 16 cases: 2 wo-
men and 14 men. The results are given in Table 2 In cases
3, 5 and ¢, deferminations were made on tweo, and in case 8.
on 4 different 23-hour urine specymens A rather large vana-
tion is seen. The average excretion 1n the 14 men was 64 pg
per 24 hours and in the two women 35 ug

For a further elucidation of the daily variations of the ex-
cretion some of the resulls obiained in a patient previousiy
described (Brochner-Mortenser et el, 1949) will be men-
tianed. The patient recerved ACTH treatment and the deter-
mination of the glucocorhicoid excretion was conlinued for a
Period of 22 days following the cessation of the treatment
Each exfract was made from samples of urine obtawed on
consecutive 48-hour periods The values (Table 2) ranged
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LIVER GLYCOGEN
MG. PER 100 GM MOUSE

60

40

20

i " " 4 L
10 20 40 80 160
I ! 2 4 8 16
P
n 0! 02 04 a8

g 3
Logarithmic dose-response regression lines for Cortisone, Cortine and
urary extracts MP-J and BJ-1 (before ACTH) and MP-1I and BJ.I}
(during ACTH treatment). Note the three scales of the abscissa: T
ug Cortisone, mmutes’ urine equtialent of MP-II and BJ-II. ~ I
Hours' urine equnalent of MP-I and BJ-J] — IHI m! Cortine

Application of the method 1n single delerminalions of urinary
glucocorticoid excretion.

Using the method of assay described above, Venrning &
Browne (1947) found xery low ralues for the excretion of
glucocorticoids in cases of Addison’s disease. Urinary extracts
from such palients seem to be very suitable for evaluating the
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DISCUSSION

When previous fasting resuilts in a depletion of liver glyco-
gen in the adrenalectomized animal, the glucocorticoids cause
a deposition of glycogen which can be measured by this me-
thod as well as by the original method of Reinecke & Kendall.
The results presented in this paper confirm the statements of
Venning et al. on the decisive importance of glucose admini-
stration in the sensitivity in such assays performed on fasted
adrenalectomized mice. An increase in liver glycogen can, how-
ever, be obtained when high doses of glucose are administered
alone and it is, therefore, very important to carry out controt
assays at various intervals with the dose chosen. The authors
wentioned aboive found a seasonal variation, as their standard
dose of glucose caused a slight increase of the liver glycogen
level during the summer months. This has not been observed
in our lahoratory.

The variation in the individual response seems to be some-
what larger than found by Venning et al. and the slope of re-
gression lines for Cortisone ang urinary extracts is undoubted-
1y less steep. These discrepancies can, perhaps, be ascribed to
differences in the test animals used.

On comparing the log dose-response curves for Corlisone,
sCortine« and the two urinary extracts: MP-I and BJ-I a very
striking similarity is seen, which justifies the use of Cortisone
as a standard of reference in {hese cases. With regard to the
results of the assays with the urinary extracts: MP-1I and
BJ-I1, however, some interesting problems arise. There is no
doubt as to the steeper course of the log dose-response curies
for these two extracts, which seems to indicate a qualitative
alleration of the active material excreted in the urine during
the period of ACTH administration. As previously suggested
(Sprechler, 1950), this possibility would explain some of the
discrepancies observed between the chemical and biological
values oblained for the excretion of corticoids during ACTH

inistration. The gl ticoids in the cases referred to
were cafculated from the standard curve for Cortisone

The idea of such qualitative alterations in the composition
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from 25 to 89 pg per 24 hours with an average of 48 ug’
24 hours,

Tadle 2.
Daily variations
Normat in L.R. (woman, Addison’s disecase
age 53)
£z © £ = ol ¢ |Er
3 l%ls 8% & | EY | E JI|E %
July ‘

Males 19/ 16 46] 11~—12 36 HC |M|26)/,48 0
21 14 113) 183-14 53 2p -l 0
27( 13 511 15—16 67 Sy -] O
281 1t 7 1718 32 S ~ K110}
34f Salgg) o f 19-20 -+ Rty - (<10

shiiya 2022 | 64 |
35) 9a] 99 2321 | 57 [KH|F 585 - <o“’
o] 36 f 9 2527 | 8 h -
36 7 4l 28-29 | 25 lppplr{atfey .| 0
37| 2 108 30—~31 25 FALIF {44 % - ©
39| 4 5[ August SB. |F{27] % -] 0
41412 56] 1-2 30 " " 33
42! 3al 3 - ———————[ H, N4t B -
33 83}58 Average 48 ,,/:_ o)
12/ 10 48 o= | <10
3] 1 77 g~ <10
615 ] 6 e | <10
Average: 64 12/, 49 <10
Females!19{ 8 30 9
6l 102 25 AN F 51 449 15
b] 46 tiypoprtmtanism
e mr“’ AL [P |32) 948 <20
42 ujy | <20
Average  39) S -] 24

Excretion of glucocorticords 1 16 normal sublects (2 women and

14 men} Col L ~— Excrction of glucocorticords in 11 consecutive

48-hour urine specimens from a woman (age 53, suffering from

chrome rheumatoid arthritis). Col IL — Excretion of glucocorticords

1 7 patients with Addison’s ((I:xscui,e and 1 with hypo-pitmitarism.
ol. 111



145

The resulls of assays carried out with extracts of urine
from normal persons agree very closely with those found by
Venning & Kazmin (1916) but a greater variation in the values
was ohserved,

SUMMARY
The Tiver glycogen deposition method of Venning, Kazmin
& Bell (1946} for the biological assay of the g ticoids is

reexamined and is found {o be snifable for the guantifative
determination of the urinary excretion of these substances.

Experiments with urinary exiracts collecled from patients
before and during the adminisiration of ACTH seem {o in-
dicate a qualitative alieration in the composition of the cor-
ticoids during the penod of stimulation. This may explain
some of the discrepancies found befween the values of the

hemical and biological determinations of corticoids previous-
ty described with ACTH ireatment. When calculating the re-
sults Cortisone is suitable as a standard of reference in cases
of normal function of the adrenal cortex, while the use of
Cp. F. seems more suitable in cases of hyperfunction of the
gland.

Very low excretion values were found in 7 cases of Addi-
son’s disease and in 1 case of hypo-pitultarism due to a hypo-
thalamie lesion.

The urinary excretion of glucocorticoids was assayed in 2
normal women and 14 normal men. The average excretion was
33 g and 64 ug per 24 hours respectively, Consecutive 48-hours
urine coilections from a woman {with chronic rheumatowd ar-
thritis) were assayed for 22 days. The excretion ranged be-
tween 2589 ng24 hrs. with an average of 48 pg24 hrs.
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of the hiologically active corticoids in the urmne following st
mulation of the adrenal cortex also seems to be supported by
the {indings of Mason (1056). From extracts of urine obtaned
from patients treated with ACTH, he was able to isolate large
amounts of 17-hydroxycorticosterone {Cp. F) while Cortisone
could not be detected at all. On the other hand, Schneider
(1950) could only isolate Cortisone from a normal male urine
but not Cp. F. Finally it is of great interest to recall the in-
vestigations of Olson ef al. (1944). They showed that Cp. F.
produced a response in the liver glycogen deposition which
differed qualitatively from that of Cortisone and from that of
several adrenal cortical extracts, and pointed out that the
slope of the regression line which was steeper in the case ol
Cp. F. should be a good criterion of these qualifative differen-
<es.

Unfortunately we have up to the present not been able to
obtain Cp. F. Comparative studies with this steroid and Cor-
tisone and further experiments with differents urinary extracs
are necessary for the final solution of these problems.

It may be concluded that in the ease of a normal functional
adrenal cortex {and probably also in the case of hypo-func-
fional states) Cortisone is suitable as a standard of reference
m the assay of urinary excretion of glucocorticoids, while the
use of €p. F. appear to be more suitable in cases of hyper-
activity of the adrenal cortex.

The results of assays with extracts of urine from patients
with Addison’s disease indicate that the method has a very
high specificity. In a few cases a shght activity was found and
this agrees with the results obtamned by the chemical defer-
mination of urinary corticoids (Sprechler, 1950). As summa-
rized by Venning & Browne (1947}, we do not, as yet, know
if the impairment of the adrenal cortex insolves the gluce-
corticoid produclion to the same extent i all cases, and the
chinical signs of 1nsufficiency probably appear at an early
stage of the disease at which only shght pathological changes
are present in the adrenal cortex. This suggestion scems to he
suppotied by the findings obtained in case H. C. (Table 2).
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By means of biological assays (based on the ability of cer-
tain steroids (glucocorlicoids) to deposit glycogen in the liver
of the fasted adrenalectomized mouse) Venning & Kermin
(1946) found that the urinary excretion of corhicoids in 14
normal men (aged 20~-51 years) ranged between 40 and 85
ug/24hrs, and in 14 normal women (aged 21-—45 years) between
25 and 65 pg/24 hrs. The average exeretion amounted to 60
and 41 pgJ24 hrs, respectively, In a determination of the ex-
cretion in a few children the salues were found to reach the
adult level at the age of 535—7 years. Yenning, Randall &
Gyorgy (1949) examined 19 newborn children and found et-
crction values ranging between 4 and 17 ygJ/24 hrs and on an
average an amount equivalient to 11 ug. Cortisone per 24 hours.

Using the technique given by the above mentioned authors,
everetion values of a similar range were found here (Sprech-
{er, 1951). 14 normal men and 2 normal women excrefed 33—
133 pgJ21 hrs. (average, 61) and 30——0 1ug/24 hrs respec-
tively.

Only these two reports involving the examination of a small
number of subjects are concerned with a quantitative deter-
mination of the liol \ly active gt ticoids excreted by
the normat subject. During the Iast few years, howes er, several
Ppublications on the normal excretion of corticoids as deter-
mined chemically have appeared It should be pointed out that
the absolute values obtained in this way are considerably
higher than those found in the bioassays, and this 1s, m all
Drobability, due to the fact that some of the Dbiologieally -
active adrenal eortical metabolites are included m the cb i
determination. Different methods have been used in these
studies and the results mentioned below cannot, therefore, be
directly compared.

As previously mentioned (Sprechler, 1950a) two mam
8roups of methods have, up to the present, been suggested for
the chemical determination of corticoids in urine. Both are
based on the special properties of the characterishic side chawn
attached at carbon atom no. 17 in the molecule of the corti-
<oids. One of these groups is based on the reducing property
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INVESTIGATIONS ON THE NORMAL
EXCRETION OF CORTICOIDS IN THE URINE
OF MAN AND THE RELATION OF THE CORTI-
COIDS TO THE 17-KETOSTEROIDS

BY
MOGENS SPRECHLER

PREVIOUS INVESTIGATIONS

Since 1931 it has been known that in normal man sub-
stances are excreted in the urine which exert a biological effect
1dentical to that of adrenal cortical extract and of several esy-
stalline steroid hormones isolated fra the adrenal corlex.

For several years the determination of these substances
could be performed only by means of biological tests. Only a
few of these methods were, honcver, sensitive enough for an
exact quantitative titration of the small amaounts of sctive sub-
stances present in normal urine. A great advance has been
made dunng the fast few years by the introduction of different
chemmeal methods for the determination of the corlicoids and
their metabolites By means of these methods it is possible to
obtain a more rapid and presumably a more exact Jdetermmna-
tion.

A review on these fundamental investigations has previous-
1y been given {Sprechicr, 1949) Further mvestigations on the
adrenal cortical function in normal man has subsequently
been reported in the literature and hence the main points are
summarized here.
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Table 1.
Studies on the normal excretion of cortrcotds previously reported
1n hiterature.

g Excretion of
e g Corticowds
z - mg 24 hrs.
s F . Y
z H % x Ranze Average
Reduction-methods
Heard, Sobel & Venning | 1 | ~|— 9o| F | adults | 10-20 184
(1916) ®) 9] M » 11—21 153
$1 M | 227 yrs | 0322070
Vatson & Longwelt(1949) | 1 | — | — ] 13| M | newborn | 017062
™ 2| 9 » 104—251
Talbot, Albright et al | we 1o | +| 8| F adults } 010-044 022
(o) (Cu) Vurme | + 4+ |12 M B
Talbot (1949) @uy| » |+ + |80 F+Mj 018315 05 _0059)
‘ i 28| » adults  |f A
Day (19:48) €| » [+1+] 7] newborn | 000—020 007
] T i - !
Tormaldehy de-methods ! ‘ !

Lowenstern, Corcoran &

 Page sy | » —{ 2] s | aduns |o050-080
Daughaday, Jatfe & | 17 |+ |—| 3| F T ao-ae
Williams (1948) l 6] M >
Corcoran & Page (1948) | 10 | —{— 110 F . 028—163 084
10 “ M . 072-166 | 115
Tobian o ! 10 |- |—|10| F : 054—132 098
fing & Mason  (1030) ' 10— — | & ¥ looe—>085 0180145
i 3 »
| “ 12| F adults | 044—070 060
‘ 19 M , 031-116 | 052
ead, Venming & Rapstemn | 7 ‘ 2] =110} M | newborn |0025- 0133
1950 '

P Phosphomolybdic-acid-reduction Cu: Copper-reduction
+ Determinations carried out with water-soluble steroids
§ The excretion expressed sn mg per sq m. of body surface
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of the side chain for the cupric ion (Talbot el al., 1915) and
for phosphomolybdic acid (Heard & Sobel, 1946). The second
group is based on the formaldehyde liberating property of the
side chain for periodic acid oxidation.

Fucthermore the methods differ from each other by a dif-
ferent treatment of the urine {1): chloroform extraction of
unacidified urine, 2}: extraction immedialely after acidificas
tion of yrine to pH 1.7 or 1.0, 3): extraction afler 1—3 days’
mild hydrolysis) and of urine extract [chenucal determina-
tion 1): directly on the total crude extract, 2): on the water-
soluble substances obtained from a benzene-water partition of
the crude extract, 3): on the helonic substances isolated from
the extract after treatment with Girard's reagent T}.

For the sake of clanty the values for the excretion of corti
coids in normal human beings reported in the literature are
outlined in Table 1. As can be scen rather comprehiensive in-
vestigations have been carried out with children. The values
in the newly-born infant are low but afterwards the excretion
rises gradually durmng childhood. In particnlar this was clearly
demonstrated by King & Mason (1930) who examined 95
children and found an mcrease amounting to 0 61 my. for each
yearly increase in age. In a study of 80 children and 28 adulls
Talbot (1940) calculated the excrebion salues per square meler
of body surface and claimed that the excrehion expressed m
this way 1s constant during life, The absolute values for the
exerefion were not given.

_The insestigations of the normal exeretion of corticowds
adults have been performed in only a small nunmber of subjeets.
The resulls vary a great deal Some investigators (Heard, Sobel
& Venning, 1946, Corcoran & Page, 1918) found that the ex-
cretion w men was hgher than that 1n women. while others
i not observe such a difference Waork reported by Romanoff,
Plager & Pincus (1949) on 34 men and 34 wonren with an age
ranging from 2 fo 86 years is more diffieult to evaluate as
the determinations were carried out on three conseenine 8-
hour urine specimens n ench indnidual ease instend of using
the 24-hour eollection of urine. The corticoids were determined
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average excrelion curve for women from that obtained for men
he found 2 curse quile similar to that previously established
for the excretion of biologically active androgenic substances
during the life of normal men {(Hamburger, Halvorsen & Pe~
dersen, 1945).

In the case of men the above mentioned results were short-
Iy alterwords confirmed by Kirk (1949), who examined the
excretion in 77 men (age, 4097 years) and by Kenligsberg,
Pearson & McGavack (1949}, whose material comprised 85
men {age, 13—75 years) and 20 women (17—61 years) and 2
few children.

Some further defails concerning these investigations will
he discussed Iateron together with the resulls obtained in the
present study,

OWN INVESTIGATIONS

. The aim of the present study has been in the first place to
establisly the Yimits for the normal excretion of eorticoids 1n
the urine by an examination of the excretion in & large pumber
of individuals of both sexes and of all age-groups. This ap-
peared necessary as the method used in this laboratory has
not presiously been used in such an examinalion Further-
more, the purpose was fo examine the dmly mndividual vana-
tions in the exeretion and at the same time Yo determine par-
teularly whether any relation existed between the excretion
and the mensirunt eycle in women.

By a simultaneous defermination of the 17-kelosteroids it
was possible to compare ihe exeretion patterns of the iwo
groups of steroids.

Material and technigue, As normal subjects mndividuals were
chosen with ne prevsous history of any serious disease or
any endocnine gisorder They were in good health just before
and during the period of experiment. The materal comprses
214 females between 2 and 83 years of age and 187 males be-
tneen 2 and 80 years of age. In all these cases the analyses
were carried out on a single 24-hour urme specunen
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by the use of both groups of chemical methods previously
mentioned. A significant diurnal variation in the excretion was
found 1n men, as the excretion was higher in the forenoon than
in the afternoon and the lowest values were found in the night
specimen, In women the diurnal variation was less marked.
No variation with age was observed just as no significant sex
difference can be deduced from the results.

As can be seen various problems concerning the normal
excretion of corticoids in urine, particulariy in adults, scem
as yet to be unsolved. Much more experience lias been gamned
on another group of steroids, the 17-hetosteroids, normally
excreted in the urine. In woman, these steroids for the most
part, or perhaps exclusively, originate from the adrenal cortex
but in man they are in addition metabolites from the teslis
hormone. During the first few years following the reports of
Zimmermann (1935) and of Callow, Callpw & Emmens {1938)
on their fundamental investigations on the chemical defer-
mination of 17-ketosteroids, numerous publications appeared
on the normal excretion in urine. It would be eufside the scope
of this work to mention ail these reports in detall, especially
as they were all concerned with a small number of individuals
and offered a very mcomplete picture of the actual conditions.
In 1948, however, threc large investigations were reported at
the same time and independently of each other: Hamburger
(1948) examined 137 men (age, 3—102 years) and 127 women
(age, 2—92 years), Robinson (1948) examined 128 men (age,
0—90 years), and Hamilton & Hami (1948) ined 51
men (age, 21-——75 years). With the appearance of these in-
vestigations the normal excretion during all age-groups was
charted. Very low salues are found during the first years of
childhood followed by a steep increase in the excretion at the
age of about 12 years This increase continues until a maxi-
mum is reached hetween 20 and 25 years after which age the
exeretion gradually decreases reaching low values in old age.

Only the investigation of HHamburger also dealt with a large
number of women. As would be expected, the excretion is
somewhat lower in wonten than in men. By subtracting the
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RESULTS
Dependence of the corlicoid excretion on age and sex,

The tolal datx of the corticold analyses are presenied
graphically in Fig. 1. Milligrams of corticoids are plotted
against age in years and each dot represenis an individual ob-
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The 24-hour excretion of corticonds 1n the urine of 214 normat women
and 185 normal men Tach dos represents the excretion n a single
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It was not possible to obtain urine from the same number
of individuals in the various age groups. Especially in the case
of women aged between 50 and 65 years only a relatively small
number of subjects were examined. The distribution of the
total number of individuals examined according to age appears
clearly from the following diagrams.

Apart from a few cases the nett body weight and height
were obtained. The body surface area in each ndividual was
calculated by means of the formula devised by Du Bois:
S. B. A. = HO725 X Wo42 X 71.84, in which H = height and
W = body weight, and the body surface area is expressed as
square meters.

After a thorough instruction, the urine was collected with-
out preservative during exactly 24 hours and quickly after-
words placed in the cold. In a single case no determination of
the corticoids was obtamned because the urine was infected and
the emulsion formed with chloroform could not be broken.

The corticoid determination. The extraction of corticords
was, as a rule, carried out within 24 hours following the
termination of the urine collection. The volume of urine used
for the analysis was in the case of small cluldren ¥ and m
all other cases Yio of the 24-hour specimen The urine was
acidified to pH 1 with 40 vol per cent of H,SO, and im-
mediately extracted by shaking 3 times with 25 per cent (by
volume) of chioroform. As previously described (Sprechler,
1950 a) the chloroform extract is then extracted with NaOH
and washed with water Following evaporation to dryness the
residue 1s treated with Girard’s reagent T. The reducing power
of the total neutral hetonic fraction 1s finally determined with
phosphomolybdic acid reagent As a standard of reference
desoxycorticosterone was used.

The 17-ketosterowd determination was always carried out by
the micromethod of Hamburger & Rasch (1948). The 1olumes of
urme were here Y5 and Yso of the total 24-hour specimen A
correction for unspecific chramogenic substances was as usual
wade. In a few cases no determination of the 17-ketosteroids
was obtained because of the foss of the urine.
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servation. The lower part of the figure shows the excretion
women and the upper part that in men. It should be noted
that the results obtained in two men, 21 and 22 years old, are
not included in the figure or in the calculations given below.
This scems to be justified as the values oblained in these two
cases wére 1.54 and 1.38 mgJ24 hrs. which deviate from all
the others in a striking manner, and further more because it
was not possible to obtain another 24-hour urine specimen as
a control.

In each sex the material was divided up into various age-
groups that is to say into groups comprising 5, 10 and 15 years
of life. For cach group the average age and average excretion
were computed. In Table 2 some of these calculahions are
shown in detail. The average excretion of corticoids through-
out life 1s illustrated graphically in Fig. 2 in which the upper
curve represents the excretion in men and the lower one that
in women. This graphic representation is drawn up on the
basis of the mean values for each of the age-groups 0—9 years,
5—14 years, 10—19 years, and so on. A comparison of the re-
sults shown in Table 2 and Figs. land 2 clearly indicates a de-
pendence of corticond excretion on both age and on sex. During
the first years of hfe the excretion is low (at an age of 2
about 0.20 mg /24 hrs ) but it wcreases gradually year hy year
until & maxmmum 1s reached at the age of 25—30 years, when
the mean excretion 1n women 1s abont 0.69 mg./24 hrs and in
men about 086 mg/24 hrs Throughout the followmng years
only little change occurs and the mean exeretion curves show
a tendenc) to plateau formation. With advancing age, how-
ever, the excrction gradually decreases. Between 70 and 80
years of age the mean values amount to 0.49 and 0.55 mg /24
hrs. in women and men respectively.

The average excretion of corticoids in the two sexes be-
haves, on the whole, in a parailel manner hut is on a hugher
level in men than in women (Fig 2) As s clearly seen from
Fig. 1, a marked overlapping of the single xalues s found
The sex difference of excretion 1s apparently less marked in
children and in high age groups as compared with that in
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1 the case of women 98,6, 93.5 and §1.2 per cent respectnnely
and in ment 99, 83 and 7.2 per cent respectively.

It is hoped 1o use the present malerial as the basis for
comparison when evaluating the corlicoid excerelion found in
patients, For practical reasons which are to be discussed later
on, it has bheen decided for this purpose to give rather wide
Timits for the normal excretion. The diagrams shown in Fig. 3
are made on the basis of these considerations. The average ex-
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Biagrams of the normal urinary excretion of corteowds Fult-hine

cures average excretion. Vertical hatehed avea area withun vhich

100 per eent of the values for women, and 968 per cent of salues for
men are found Ordinate mg/24 hrs Abscissa Age

cretion of corticords in fhe fwo sexes is ndicated by the full-
line curves, The vertical hatched area shows the zone withmn
which 160 per cent of the values range in women and 96.8 per
cent of the values range in men.

Relation of the excretion of corticoids to body werght
and fo body surface area.

In order to examine if any relabzonship exists belween the
excretion of corticoids and body weight and surface area respec-
tsely a caleulation was made on the basis of these factors for
each sndisidual subject The result of these caleulations is
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young adults. From the present material it is difficult to de-
cide whether this apparent diserepancy really exists. In this
connection it should be noted that relatively fewer subjects of
high age were included 1n the study.

As appear from Fig. 1 a rather large individual varinbility

R
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1 I
T
AGE
Fig 2
The mean excretion of corticords per 24-hours 1n men (upper cur\e)
and i women (lower curve) The circles show the average excretion
for 10-yeaT age.groups (0—9 years, 10—19 years, etc). The figures
in circles Indicate the number of subjects n each age group. Ordi-
nate Average excretion in mg/2i hrs, Abscissa- Age
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of the values is found For a further exammahion of the mag-
mitude of this varation the number of individual values de-
viating more than + 50, 40 and 30 per cent from the salues of
the average curie were computed, In women these numbers
were found to be 3, 14 and 40 respeettvely, and i men 2, 13
and 42 respectively. This means that the percentage number
of individuals ranging within the above mentioned himits are



343

AGE
Fig 5
The 25 hour excretion of corticords (lower curses) and 17-hetosterads
IMpPer cuyes) expressed per sguare mefer of body surface area
Ordinate mg. per sq m of body surface arer Abseissa Age

curies for the absolute output values (Fig. 1) In adults up to
the age of 50 the excrebon per m? area is shil o lsttle higher
than in chaldren, whereas the epposite proporbion 1s found m
old age.

Paying no attention to age, the total malenal was then
divided up into groups, parily acecording to body weight {10~
19 kg, 2029 kg and so on} and partly according to the area
of the body surface (0.60-—0.79 m?, 0 86—0.80m? and so on)
The aterage values for body weight, body surface and for the
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shown in the two Jower diagrams in Fig. 4 and 5 in which the
individual values expressed as pg. per 24 hours and per kilo-
gram of body weight, and as mg. per 24 hours per square me-
ter of body surface area, respectively, are plotted against the
chronological age. As appears from Fig. 4 the excretion per kg.
of body weight is at the highest level in children (averaging

2
9 . J

300-] Do L

200-]

T T T [}
2} 20 a0 60 800 20 4 60 &
Fig 4
The 2i-hour excretion of corticoids (lower curves) and of 17-keto
gterords (upper curves) expressed per kilogram of body weight Or-

dinate pg per kilogram of body weight and per 2§ hours.
Abscissa Age

145 pg per 24 hours at the age of 2—4). With advancing age
the excretion decreases and betnween 70 and 80 years of age 1t
ranges around 75 pg. per hg At an age between 10 and 40,
however, the curves appear to have a tendency to plateau for-
mation (Table 2). Furthermore, a considerable dimnution of
the difference in exeretion between the seXxes is seen. From
Fig. 5 and Tabhle 2 1t appears that a culculating of the excretion
per square meler of bods surface area causes a levelling of the
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found, but in this way too no direct ratio belween exerehon
and weight was obtained.

The caleulations carried out on the values for female sub-~
jects in a 20-year age-group (20—39 years) will he quoted here
2s an example. After disiding up this group into 4 weight
groups: $5—53 kg., 54—60 hg., 61-—67 hg. and 68—74 kg,
the average body weights were found to be: 51.0, 57.2, 64.0
and 709 kg. respectively and the corresponding average ex-
cretion of corticoids was: 0.64, 0.67, 0.75 and 0 77 mg/24 hrs,
(In order to avoid repetition the corresponding figures for the
excrelion of 17-ketosteroids will be mentioned here: 8.25, 7.81.
7.75 and 7.14 mgJ21 brs.).

Daily individual variations in the excretion of corticoids

When the determination of the coritcoid excretion 1s cas-
"ried out on a single 24-hour urine specimen only, the magni-
tude of variation in the excretion from day 1o day 1s among
other factors of greal importance in the evaluation of the re-
sult obtained.

For an examination of this problem determmations of the
daily excretion were carried out on urme obtamed from 3 we-
men (A: 44 years, B: 17 years and K: 21 years) and 2 men
(H: 46 years and R: 41 years). The examination of the women
included daily analyses for a period of a month in order 1o
sce at the same time whelher the menstrual cyele influences
the corticoids in any way The resuits are shown i Figs, 7 and 8
and in Tahle 3. The values for A and K fluctuaie within the
greater part of the area presiously established for the normat
excretion in women of their age-groups, No velation of ex~
cretion 1o the menstrual cycle is observed In the case of wo-
man B the variations were considerably lews apart from fwo
consecutive values of 0.78 mg This increase hay been dafficnlt
to explain as it is 1n all probabiiity withont any refation to the
menstrual eycle which m this woman sppesited $o be irregular,
(Menstruation censed just hefore the asany period and sef in
again a week ofter the cesantton of the avsay The greatest
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total daily excretion of corticoids in each group were com-
puted. The result of these caleulations is charted in Fig. 6.
A direct ratio of excretion to bady weight is found only when
the weight is under 60 kg. and 65—70 kg. in women and men
respectively. Above these limifs the excretion rises only a little
with increasing weight and scems to approach a constant level,
Simiiar relations are scen in the other part of the figure in
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The ratio of corticoids to body weight and to body surface area.

< women, — — ~—. men. Ordinate: Excretion mn mg. per 2&-hours

Abscissa. Kilogram of body weight (left part), sq m. of body surface
{right part).

which the excretion is plotted against the body surface. The
corrclation between these two factors seems, howeser, fo be
not so good.

As the subjects in the hugh age-groups are to be found
mainly within the weight groups abose the mentioned Timmts,
the absence of agreement here between excretron and weight
could be due to the low absolule excretion of corticoids by
these subjects.

For a further elucidation of this questron calculations si-
milar to those deseribed above were carried out 1o some more
narrower age-groups. On the whele, a better correlation was
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found, but in this way too no direct ratio belween excretion
and weight was obtained.

The ealeniations carsied out en the values for femnale sub-
jects in & 20~year age-group {20—39 years) will be quoted here
as an example. Alter dividing up this group inte 4 weight
groups: 4553 Lg., 5380 kg, 61—67 kg. and 63—74 kg.
the avernge body weights were found to be: 51.0, 52.2, 618
and 70.9 kg. respeclively and the corresponding average ex-
crelion of corticolds was: .64, 0.67, 0.75 and 0.77 mgJs24 hrs.
{In order to avoid repefition the carresponding figures for the
exeretion of 17-hetosteralds will be tioned here: 823, 7.81,
7.75 ond 7 14 mgt24 hres.).

Daily individual variations in ¥he excretion of corticoids.

When the determination of the corlicold excretion s car-
ried out on a single 24-hour urine specimen only, the magni-
tude of varizhion in the excretion from day lo day is among
other faclars of greal ymportance in the evaluation of the re-
sull obtained.

For an examination of this problem determinations of the
daily excretion were carried ount on urine obtained from 3 wo-
men {A- 34 years, B: 17 years and X: 21 years) and 2 men
{H: 46 years and R: 41 years) The examination of the women
included daily analyses for a period of a month m order to
see at the same hme whether the menstrual eycle influences
the corticoids m any way The resuits are shown i Figs 7 and$§
and m Table 3. The values for A, and K. fluctuate within the
greater part of the arer previously established for the normal
cxcrelion sn wemen of their age-groups. No relation of ex~
cretion to the menstrual eyele 18 observed. In the case of wo-
man B. the varafions were considerably Iess apart from two
consecutive values of 6.78 mg Ths increase has been difficull
1o explain as 1t is in all probability without any relalion to the
menstruat cyele which m this woman appeared 1o be srregular,
{Menstruation ceased just hefore the assay period and set in
again a week after the cessation of fhe assay. The graatest
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Fig 7.
Individual daily variations in the excretion of corticoids m 3 women
(K and A- normal. B irregular menstruation), Black fields indicate
the period of menses Ordmate- mg per 2i-hours. Abscissa: days of
experiment

Table 3
Daily vanations of corticoid excretion in 3 men and 2 women as
shown by the average values, the maximal and mmmal excretion

Number | Llorticords mg /24 hrs.
of _ S
dayvs mestmum average maztmum
AR 31 052 072 090 o
B ? 30 044 058 078 0.07
K 9 31 016 057 085 010
H 3 14 102 108 120 006
R & H 050 100 1.20 o1
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variation for the 3 women was abont 1 80 per cent of the mean
for each woman {for K., however, a single value deriated
+ 49 per cent).
For the wo men the daily variations were somewhat smal-
ler, especially in H. 2s no salue in this man deviated mare than
MG

wod H R
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Fig 8.
Indsvidual daily variatiens w the excretion af corticasds in 2 normal
men {tower diagrams) and of 17-ketosteroids in case H (upper dia-
gram). Ordinate mg per 24 hours. Abgcissa days of experiment

10 per cent from his mean value For R. the correspondung
figure was 17 per cent

In all the cases exanuned here the amounts of cortieoids
were enbirely mdependent of the amount of urine excreted.

The urinary exrcretion of neutral 17-hetosterords

The resulis of the 17-ketosterowd analyses carned out
s sludy confirm, on the whale, the results found by other
tutestigators and therefore will only recove shost comments
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The 2i-hour urmnary excretron of 17-ketosterords in the subjects
studted Each dot represents an indnvdual value Qrdinate mg per
24-hours Abscissa® Age

here The values obtained for the mndividuals are plotled in
Fig. 9.

The excretion 1s very low during the early years of life and
the increase 1s slon until the age of about 10—12 At tius age
an abrupt and steep increase commences and conlinues, in
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both sexes, unbtil a maximum is reached at an age between 20
and 25 years. From {his point the excretion gradually decreases
with advancing age.

Up to the age of 14—13 years the excretion is paraliel and
at the same level in both sexes, hut after this it is considerably
higher in men than in wemen. Thus the merage outpuis at
the age of 24 years are 13 10 and 8.34 mgJ/21 hrs. in men and
women respectssely {see Table 2). Although less marked the
sex difference in excretron is still distinct during the Iater de-
cades.

The dispersion of the indnvidual values in proportion to the
mean was found fo be somenhat greater than that found for
the corticoids. This difference was mos! marked for the
children under 10 years of age. After earrying out eakeulations
similar to those previpusly descershed for the cortreads, it was
found that for women over 10 years of age 15 of the individual
values deviated more than 50 per cent and 28 more than 10
per cent from the vatues of the mean curve. In men of the
same age the corresponding figures were 10 and 22, Hence the
percentage of subjects with an excrelwn ranging within the
stated Hmits and aged 108D years, must be 91 2 and 82.6 per
cent in females and 93 5 and 85 7 per cent \n mates respectnely.

All the indisidual values were also ealculated on the basis
of hody weight and of bedy surface area. The results are shown
in the upper diagrams in Figs 4 and § and inx Table 2. The
diagrams for the excerehion expressed in this way hase a pattern
quite similar to that of the diagrams originally found for the
absolute output values, In the narrower age-groups teo no
significant relation belween the excrebon and the weight or
the surface was found. This 15 clearly mdicated by the example
mentioned on page 345.

The daily variations in excretion of 17-ketosteroids were stu-
died in one case only (H. Fig. 8) During a period of 14 days
the 24-hour excreton varied from 11.5 1o 15 6 mg. The average
excretion was 13 8 mg. and the dispersion (5 = -+ }/ 3 4 1.3,
No vaive devinted more than 17 per cent {rom the mn‘:“:ml
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Comparison between the excretion of corticoids and of
17-ketosteroids.

As seen from the above a clear difference 1 ihe excretion
of the two groups of steroids is found.

In view of the origin of the 17-ketosteroids the more striking
sex difference m the excretion of these steroids is not un-
expected.

M6

ZaHRS
20+ LIZD
001 100
080+ 80
0601 f60
1 o
MOJ {4
020 20
o o
aso t-80
060 |60
040 Lao
00 |20
o

Fig. 10
Comparison of the exeretion of corticords with the excretion of 17-
ketosteroids mn normal cluldren (lower diagram’ girls, upper dia-
gram boys).

@ Indinadual values of corticoids

O. Individual salues of 17-hetosteroids.

The full-ine curies represent the mean excretion of corticoids and
the broken curyes that of 17-ketosteroids.

Ordinate: mg. per 2i-hours (the left scale corticords, the right scale.
17-hetosteroids) Abscissa Age
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On the other hand, it is remarhable that the wariations af
different ages both in women and men are much more marked
for the 17-kefosferoids than fot the corticolds As appears
from Fig. 10 this is true even during childhoed. In children
the exeretion of corticolds increases in a hinear wmanmer with
age as the increase year by year s boys amounts to about
8,030 mg, and in girls to 0027 my. per 24 honrs Up 1o the
age of 18—12 years the increase in excretion of 17-ketosteroids
is less marked bui at this stage an abrupt and a copsiderable
change takes place as is indwaled by the sieep rise m the
unnary excretion in both girls and boys. In Both cases the
curses for the average excretion intersect the corresponding
mean curves of the corticowds at the age of abowt 15 years.
This intersection is, of course, relative since the values for the
17-ketosteroids in this figure as welt as in all the other ones
shown here are charted on a scale 10 tinses smaller than are
the values for the cortscoids,

Fig. 11 illusirates the exeretion of the two groups of
steroads during ajl the age periods examined here. The full-hne
curves and the vertical hatehed arcas represen{ the excretion
disgrams of the corticords {see Fig. 3 and page 341). The ex-
crefion diagrams of the 17-ketosleroids are worhed oul aev
cordingly {o simular principles: the dot-ang-dash.f repre-
sents the mean excretion and {he detted lnes show the hants
within which 99 per cent of Yne individual values for women
and 97.1 per cent of those for men were found

1t is obwious that onty a shght alteration in the exerebson
of corticoids ocents between 20 and 40 years of age, whereas
the 17-hetosterad excretion exhibits a <hstinet maxamum at
ihe age just over 20 years afler which the excretion imme-
diately falls to lower values Thus the two mean curves inter-
seet each other again, but whilst the furst interseetion ook
place exactly at the same age m the iwo sexes it now takes
place at the age of 83 1 women and at the age of 85 in men.
n old age, at an age of 80, the average excrehan bolh of corti-
cowds and of ¥7-helosterords reaches 1alues of & range sumilar
10 that found at the age of about 1314 years,




MG 1

Fag 44
Comparison of the excretion of corticoids with that of 17-ketosteroids
m all the normal subjects studied The full-line and the dot-and-dash
line curves represent the average cxcretion of corticoids and 17-heto-
steraids respectively The iertrcal hatched area. the area withmm
which 100 per cent of the corticoid values for women and 968 per cent
of the values for men are found. The broken curves: the limits within
winch 99 per cent of the 17-hetosteroid values for women-and 971 per
cent of the values for men are found Ordinate. mg. per 2f-hours
(left scale corticoids, right scale 17-hetosteroids) Abscissa: Age.

DISCUSSION

In the planning of tins work two possibilities were con-
templated. Firstly, to undertake a strict selection of a small
number of subjects on the basis of a previous careful physteal
and laboratory exammalion of cach individual and then to
carry out the steroid analyses repeatedly and on diffcrent days.
Secondly, essentially to base the sclection of the normal per-
sons subjects on their past history and then to carry out the
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delermination of the steroid exerelion on a single Z4-hour
urine specimen from a vers large number of subjects of bath
sexes and of alt ages.

Consideration of the practical ¢linical use of the material

{ot the evaluation of he corticoid everction (ound in paticnts
with various diseases has been the most important reason for
the choice of the second plan. In patients the exeretions is
wost often determined on o single 24-hour urine spccxmcn and
in order to evaluate the resutls & .
adx e . .
s aei comparing the absolute values found in the present
study with those reported in the Literafure, the different tech-
niques used must be remembered. As was expested the values
range between those giten by Heard, Sobel & Venning (deler-
mination of reducing power of total nentral (raction) and
those given by Talbot, Albright et al f{delermination of re-
ducing power of waler-soluble kelonic fraction). At the same
tune, however, it is 3nteresting 1o note thal the values are
within the same range as found by other awthors using the
formaldehyde methods {(see Table 1). The values found in
children agree sery closely with those reporied by King &
Sason 11950}, who examined the exeretion in » symmbar wam-
ber of subjects of this age. For the adalt subjects the resuils
cannot be direclly compared with those reported in the lite.
rature, Most of these reports only dealt with a small numbar
of subjects and often withou! further information as to age

There 15 a reason {o calf altention {o the close agreement
mm the results found by Venning & Kozmin (\946) using a

greal determi of the of ticords.
By ihis method they obserted similar variations in ihe ex-
cretion with regard to age and sex.

The varations in the excretion from day fo day are of the
same magnifude ss found in several patients 1 whom daly
analyses were carned out daring periods of 414 days. In a
sinular manner Talbot, Albright ef al. {1937) examined the
dmly exeretion in 3 men and 1 women and found the ehances

Asta endocrioat Vob 7 11V 3
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io be two out of three that the value for a single day would
fall within 4+ 30 per cent of the avernge excretion for that
individual.

King & Mason (1950) carried out single determinations of
the daily excretion during 2—7 days in 6 children and found
that the greatest varations amounted to approximately + 30
per cent of the mean for each individual. Heard (1948) stafed
that the variations were about + 50 per cent. Similar values
were found by Venrning & Kazmin (1946) when using biological
determunations. The daily vanations of 17-ketosteroid excre-
tion (in ecase H.) correspond to the variation found by Ham-
burger (1948).

Some difficultics arise when giving an account of these
day by day variations in excretion, as different factors can play
a part. An account of the technical variation of the analysis
was given presviously (Sprechler 1950 a). This error may be
responsible for only a small part of the variation. Inaccuracies
1 the urine collection need not to be taken mto account in
the cases examined here. Nevertheless, the decisive importance
of a perfectly accurate 24-hour demareation of the urine col-
lection must be pomnted out here This is very imporlant,
especially 1n cases in which the analysis 1s carried out on a
single 24-hour specimen only, In children the collection must
he completed under spectal supervision In subjeets of great
age one must be aware of incontinence of urine and especially
of the presence of retention of urine 1n the bladder which can
account for a rather large error, especially 1n cases in which
there is at the same time a Jow 24-hour excretion of urine.

The r ining possibility is the spontancous daily varia-
tion in excretion. In scveral cases it was found that the
amounts excreted were independent of the volume urine ex-
creted, and it 15 obvious to assume, therefare, that the varia-
tions aclunally reflect a varying aclivity of the adrenal cortex
This assumption agrees sery closely with our present concep-
tion of hypophysis-adrenal cortex (probably also involving the
adrenal medulla and hypothalamus) as an accurately cor-
related system. The funchona)l state of this system depends
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closely on the demands made on the organism. An inercase
of these dermands which, under novmal condrtions, 15 often due
to increased physical (and in part psychical} output of work,
causes vix the hypophysis a stimulation of the adrenal corfex
respiting in an increased production and seerebwon of actne
adrenat cortical sleroids. A decrease of the demands, as for
instance during sleep or other forms of reduced acltivily, re-
sulls in a decreased Tunction. This is well Mustrated by the
previously mentioned investigations on the dwmrnal varwtions
in excretion of both corticords and of 17-ketostersids (Pincus,
Romanoff & Carlo, 1948}, The high urmnary excretion of corfi-
coids conld be explained g the effect of stress due to the abrupt
change of activity 1n refation to wakening {Selye, 1947).

The present im estigations were performed under condibons
of an unaltered mode of hfe for the sulyects examined. Bearing
the above n mind, some of the varattons found from day to
day can be explained. From other sources st 1s showa, that one
can gxpect 1o find a Jower escretion sn subjeets confined to
bed for some tine, and one cannet exclude that smaller dmly
varistions in exeretion should alse he found here

By the use of the diagrams {Fig. 3} on the normal exore-
Hion of corhicoids for the evaluation of the excrehion fonnd
patients, i s necessary to pay due regard to the factors
deserthed abave. On the basis of an analysig earried out an a
stngle 24-hour specimen one must be cautious to record »a
fugh normal« or »a low normals excretzon Such designations
are, however, Justified when the average content of several
24-hour specunens 1s determrmed, or, for example, 3f all of the
ndntdual 1alues for n large number of patients within the
same group of disease are all high or all low,

The changes assousted with the mensirual eyele do not
apparently influence the adrenal cortical funciian as reflected
by the urinary excretion of corbicoids This finding s agree-
went with the resulls found by Venming & Kaermin (1946}
using a biologreal method for the de!erm\palmu of the uranary
exeretion of glucocorticowds m tne women Quuing the cycles
Contrary to these findings Davis & Hulit (1049) abseried a

23
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to be two out of three that the value for a single day would
fall within + 30 per cent of the average excretion for that
individual.

King & Mason (1950) carried out single determinations of
the daily excretion during 2—7 days in 6 children and found
that the greatest variations amounted to approximately + 30
per cent of the mean for cach individual. Heard (1948) stated
that the variations were about + 50 per cent. Similar values
were found by Venning & Kazmin (19146) when using biological
detcrminations. The daily variations of 17-ketosteroid excre-
tion (in case H.) correspond to the variation found by Ham-
burger (1948).

Some difficulties arisc when giving an account of these
day by day variations in excretion, as different factors can play
a part. An account of the techmcal variation of the analysis
was given previously (Sprechler 1950 a). This error may be
responsible for only a small part of the variation. Inaccuracies
n the urine collection need not {o be taken into account in
the cases examined here. Nevertheless, the decisive importance
of a perfectly accurate 24-hour demarcation of the urine col-
lecion must be pomnted out here. This is very important,
especially 1n cases in which the analysis is carried out on a
single 24-hour specimen only. In children the collection must
be completed under special supervision, In subjects of great
age one must be aware of incontinence of urine and especially
of the presence of retention of urine in the bladder which ean
account for a rather large error, especially in cases in which
there is at the same time a low 24-hour excretion of urine,

The r ini bility is the sy daily vana-
tion in excretion. In several cases it was found that the
amounts excreted were independent of the volume urine ex-
creted, and it 1s obvious to assume, therefore, that the varia-
tions actually reflect a sarying activily of the adrenal corlex
This assumplion agrees very closely wilh our present concep-
tion of hypophysis-adrenal cortex (probably also insohving the
adrenal medulla and hypothalamus) as an accuralely cor-
refated system. The functional state of this system depends
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ther details concerning age, sex and the absolufe values were
guen,

During the last two years our hnowledge conecerning the
excretion of 17-ketosteraids in normal human subjects, bas on
the whole, been clarified. Several extensive investigations on
this subject hase been carried ont at dufferent places. In the
present study, therefore, the results obiained for the exeretion
of these steroids in the subjects examined may serve as a can-
trol for the normal adrenal cortical funchion mvolved w the
excretion of 17-ketosteroids. In men this s, of course, only
partly valid since a fraction of these steroids originates in the
testis.

Fig. 12 iHustrates the diagrams of 17-kelosteroid exeretion
in men and women as previously mentioned (Fig 11). The
dotted curves and the dot-and-dash ones indicate the mean
excretion as given in the investigations referred fo Apart from
slightly lower values at the age of bebween 30 and 30 jears 2
close agreement with the mean curves reported by Hamburger
(1848} is found. In men a sunilar curve has heen found by
Hobinson {1918), The mean valnes reported by Kirk (1849}
and by Miller & Masor {1945) are wdentical with those found
in {he present investigation. The last menhwoned group of au-
thors examined the excretion in a large number of children at
the age of between 11 and 18 years Using another technigue
Keunigsberg, Pearsan & M & {1949) ob somewhat
highier values whercas the mean salues reporied by Hanuffon €
Hamiltan {1948} are shghtly lower. The tsagreement between
the ahsolule satues obtained by the last mentioned authors
and those found by the above mentioned authors seems to be
due to fechmeal diffevences of methods as a paraifel course of
the mean enrves is observed m all cases

The contluston arrived at by this comparison must be that
sisth regard o the excretion of 17-ketostercads, the present
matersal does nol differ essentialfy from the materials which
have been used previously by other wmvesbigators for the de-
termination of the normal exersion of 17-ketosteroids,

More interesting problems anise on comparing the differences




356

fall in the number of circulating eosinophils at the time of
ovulation and claimed it to be an expression of an increased
adrenal cortical function. In all probability, however, this
reaction must be judged witl: great caution. It is remarkable
too, that the same authors did not find any cenvincing altera.
tion in the number of circulating eosinophils during pregnan-
¢y when the adrenal cortical function is known to be con-
siderably increased (Venning, 1946).

In 1948 it was stated by Day that the excretion of corti-
coids as expressed per kilogram of body weight was consider-
ably higher in the newborn than in adults, Halson & Longwell
(1949) confirmed this by an examination of 19 newborn boys
and a few adulfs. The excrefion per Lg. of body weight was
found to be 6 times higher in the newborn than in adults.

The caleulations carried out in the present study do not
include children of an age under 2 years, but on the other hand
there are a considerably larger number of individuals of the
other age-groups. The mean cxcretion at the age of 2 is found
to be higher than that in adults. The values for the corlicoid ex-
cretion in newporn children reported in the hterature cor-
respond, however, rather closely to the values obtained by an
imaginary lengthening of the mean curves for the corficoids
in Fig. 10. At the age of zera the mean excretion wounld be
found to range from about 0.10 to 0.11 mg. per 24 hours, As-
suming the birth-wseight to average 33 kg, the corticord ex-
cretion would be approuimately 30—33 pg pr kilo. of body
weight When carrying out similar calculations on the values
of the giucocorticoid excretion reported by Venaing and ber
associates corresponding results are found.

As mentioned n the introduction, Talbol (1949) recently
clammed that the amount of corticords excreted per square nte-
ter of body surface area 1s of the same magnilude duning the
whole of life. The results (Fig. 5) obtained in the present study
are to some exient in disagreement with this opinion Com-
parisons with the work referred to cannot be made dircctly
as only 2 small number of adults were examined and no fur-
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relationship and, furthermore, that the curves of hoys and of
girls were identical. Up to the age of 15 a similar relationship
between 17-hetosteroid and age is found in the present study.

In hoys the abrupt increase 1n excretion of neutral 17-keto-
steroids might be explained by an incipient production of
androgens in the testis. As a uniform excretion is found in
boys and in girls it would mean, howeser, that part of the 17-
hetosteroids in girls must originate n the ovartes. There 1s,
however, much evidence against such a conception. Thus in
most of the investigations carried out on ovariectormized
women a normal excretion of 17-hetosterowds is found and
moreover, no marked fall in the excretion is observed at the
menopause. An oestrogenic shunulation of the adrenal corfex
produced via the hypophysis cannot be entirely excluded as it
is known that oestrone administered to animals may produce
a hypertrophy of the adrenal cortex provided that the hypo-
physis is intact (Chrisfensen, 1944). Lastiy an alteration in
the intermediate steroid metabolism after the age of 10 result-
ing 1n a greater conversion of corticouds into 17-ketosteroids
after this age might be considered as a possible explanation
It is difficult, however, to accept this conception as it is known
that various steroids administered to children are transformed
and excreted in the same way as in adults (Talbot & Sobel,
1947).

It is quite reasonable to assume that the precursors of neu-
tral 17-ketosteroids are elaborated in the adrenal cortex in
girls as well as in boys, As it has been shown that corticoids
and 17-ketosteroids are excreted independently of each other
1t 18 reasonable to assume that they also originate independ-
ently of each other as a result of two functional activities of
the adrenal cortex. While the abihty to elaborate corticoids 1s
fully developed from birth, the other function does not assert
itself until the age of 10—12 years It 1s difficult to decide
whether the ahility of the adrenal cortex fo elaborate precur-
sors of 17-ketosteroids (including androgenic substances) is
developed slowly during the first few years of life or whether
it starts only at the above mentioned age. It is possible that
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observed between the excretion of corticoids and of 17-
ketosteroids. In children the amount of urinary corticoids in-
creases gradually and uniformly with advancing age showing
a straight line curve. Up to the age of 10-—12 years, on the
contrary, only small amounts of 17-ketosteroids are present 1n
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Normal excretion of 17-hetosteroids Tull hne curves the average
excretion Vertical hatched area the area comprising 99 per eent of
the values for women and 971 per cent of the values for men For
comparison the mean curves of normal exeretion found by other
authors are shown Ordmate mg per 2f-hours Abscissa Age

the urine and the inerease in excretion 1s only shight. At this
point an abrupt change takes place, indicated by a steep in-
crease in the excretion of 17-hetosterowds during the sub-
sequent years. The excretion of androgenic hormones behasves
in a simular manner and by plotting the logarithm of the
amounts excreted agamnst age Dorfman (1918) found a lincar
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mavima observed in both sexes are due o steroids derived
from the adrenal cortex, since, as stated by Hamburger, Hal-
vorsen & Pedersen (1945) the maximal exeretion of androgenic
hormones in men (i. e. chiefly derived from the testis) is
reached only at a later age (30—40 years).

In order to examine more closely whether the established
mean curves of steroid excretion offer an actual measure of
the functional state of adrenal cortex at the various ages, it is
necessary to pay attention to a few details concerning the
mode of action of the adrenal cortical steroids Our hnowledge
of this subject is still rather scanty as 1t 1s essentially limited
to a recording of a number of secondary phenomena, and hence
a detailed discussion would be outside the scope of this work.

‘The corticoids are of decistve importance for the con-
tinuance of hife so that they must be produced during the
whole of life. The actual nature of the mode of action is un-
known but a large amount of evidence suggests that they
occupy important links in certain intermediate metabolic
processes gowng on in the cells of the organism. Increased ac-
tvity of cells produces (via the hypophysis) an increased
elaboration and secretion of corticoids from the adrenal cortex
(Sayers & Sayers, 1948) This also means that the need, and
consequently the production (secretion)}, of corticoids depends
on the total amount of body protoplasm.

Provided the conception of the corticoids broadly outlined
here is correct, one might expect a certain relationship between
the corticoid excretion and the metabolic rate of the or;

From our knowledge of the total metabolic rate i the or-
ganism it would be expected that the total production of corti-
cowds is: 1) lowest in children (small amount of protoplasm,
lowest total metabolic rate), 2) largest in adults, but higher
in the younger subjects than in the older ones (decreasing
melabolic activity of cells in old age), 3) larger in men than
in women (larger amount of protop and higher metabol

rate in the former). Furthermore, 1t is reasonably to expect
that the production of corticoids as expressed per hilogram of
body weight or per square meter of body surface area will be
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the small amounts of 17-kctosteroids excreted in the urine
before that fime originates from a conversion of corticoids
into 17-ketosteroids. This possibility is supported by the fact,
that a rupture of the side chain at €-17 in the molecule of
corticoids resulling a 17-ketosterords can take place in the
process of steroid metabolism in the organism. An increase of
urinary 17-ketosteroids may be seen, for example, during the
administration of Cortisone to patients.

The explanation outlined above on the observed excretion
pattern of the two groups of steroids is further supported by
the data obtained in a previous investigalion on the excretion
of steroids during ACTH administration to children and to
adults {Sprechler, 1950 b). The useal response in adulls was
mdicated by a marked increase in the excretion of both corti-
coids and 17-ketosteroids, In children a similar response was
seen in the case of corticoids whereas 17-kelosterouds vwere
nfluenced only slightly or not at all. After ACTH admimsira-
tion to a 10 year old girl for some time an alteration in the
excretion rate oceurred approaching the conditions found in
adults. An acccleration of the above mentioned »action of
maturation« of androgenic function of the adrenal cortex {or
the ability to claborate the precursors of 17-ketosteroids) due
to the continued unphyst 1 high st fation might ex-
plain this observation The occurrence of such alterations in
the adrenal cortex 15 known from human pathology and it is
not unhkely that somc cases of precocious puberfy may be
connected with such an overstimulation of the adrenal cortex.

On examimng the further course of the excretion curves, a
distinet maximum of the 17-ketosterotds 15 observed immedi-
ately after the tsentieth year. A httle later the corticoids reach
maximal values of exerction but 1n the case of these sterords the
excrelion continues essentially at the same level throughout
the following 20 years. After the age of 15 some difficulties
arise when comparing the excretion of 17-ketosteroids in men
with that in women, as the development of the androgemec
function of the testis in the former accounts for a considerably
Jarger excretion. It 15 apparent, howeter, that the pronounced
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betneen the metabolie rate and the production and exeretion
of vortieoids presupy that the «f 1 tests actually
wmeasure the glucocarficoids and their metabolites. During
secent years it has heen cuslomary ¥o divde the corticosds
mie twoe groups: The glucoeorticotds and the mineralocorh
<cids {or: 11.oxy- and 1i-desoxy-corticolds respectivelyy. Both
groups of corticoids nre inciuded in the chemical assay by the
method used in the present study {as is afso the ease with the
technique commonly used in the formaldelnyde methods),
Comparisons of ihe results oebiained by a simultancous hio-
{ogical and chemical determination of the corlicoid exerchon
in urine hate, however, shown o marked agreement between
the reducing poner and the glucocorticoid actavity (Sprechier,
1858, a, b). Furthermore, recent studies of Weissbecker &
Staudinger {(1951) seem to throw a good deal of doubt on the
significance of the so-called mincralocarticoids wn urme. They
were able to separate the Lwo groups of steroids and after-
wards {o obtain a separale determmation of cach individual
group, By this means it was shown that the 211-desoxy-corti-
coids« form only a small part of the tetal amount of corhicords
in the urine and that the excretion does not nerease durng
ACTH admimstration Furthermore, no alteration sn the exere-
tion was found in xarious & (oo eh th 13
diseases) in which a decreased excretion of the >1f-oxy-corti-
cordse was nevertheless observed

For the 17-ketosteronds, the arguments diseussed above do
not hold The actraty of their precursors {in women pre-
sumably elaborated exclusively in the adrenal cortex) are un-
known and #t i quite impossible to form any dea as lo the
amount zetually produced

SUMMARY
The aun of the present work was: 1) {o examne the nor-
mal unnary exerction of corlicords in men and sn women of
all ages and to establish the Hmits of the normal range. 2) to
examine the daily individual vanations in exerction (examn-
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maximal in children followed by a decrease with advancing
age.

These statements agree remarkably well with the observa-
tions made on the excretion of corticoids. Provided the above
theory is correct, the corlicoids seem to offer a reasonably
good measurement of the adrenal cortical activity through-
out life.

It should be pointed out that one cannot expect any agree-
ment between the values of corticoids found in the present
material and those results which would have been obtained
by earrying out determinations of the basal metabolic rate of
the individuals. This is clearly iltustrated, for example, by
examining the excretion expressed per square meter of body
surface. In order to examine whether such a close relationship
exists it would be necessary to carry out all these investig-
ations under standard conditions paying due attention to diet,
temperature, ctc. and kecping the subject completely at rest
during the whole period of urine collection. When calculating
the resuits obtained in this way, factors similar to those used
for the calculation of the standard metabolic rate must be
considered.

The mean excretion of corticoids was founa to be greater
1 men than in women This difference is considerably de-
creased, but not altogether abolished when the excretion is ex-
pressed per hilogram of body weight. There is a possibilily
that small amounts of androgenic hormones produced in the
testis are converted by the steroid metabolism m the organism
into steroids, which are involved in the assay procedures and
interfere with the final chemical determination. Against this
view, however, are the facts that the difference was also found
in children, and that no rise m unnary corhicoids resuited
from the tration of testosterone to patients For these
reasons the difference obsersed must actually be the expres-
sion of a higher adrenal cortical function m men than in
women. This finding morcover, can be brought within the
scope of the above mentioned theory.

All the above mentioned considerations on the relationship
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When expressing the escretion per hilogram of body woght
the yalues are largest in children {(at the age of 2 ranging
around 14 5 gg. per kilogram) and lowest in thehigh age groups
{at the age helween 70 and 80 3ears ranging around 7.5 pg. per
Kifogram}. At the age of between 10 and 48 years ondy & smat
change m the values oceurs When caleulating the corticoid
excreiton in this woy, a considerably diinution of the «ex
differences in excretion is abserved. A certain relation between
torticord excretion and body weight secems 1o exist withm
RATFOWEL AEOEIOUDS,

The variations in excretion with age are considerably di-
minshed when calenlaling the values per square meter of
body surface area. Expressed wmn this way, the everehion in
aduwils up to an age of 50 s, however, stil a little higher than
in children, whereas after that age the values are lower than
18 chaldren,

The greatest daily vartatsons 1 oscrebion in the 3 women
evamined throughout a month were approximately + 30 per
cent of the mean yatue for each mdividual. The variatrons day
by doy in the 2 men cxamined for 14 and 7 days respeetssely
were somewhat smaller In women no relation of everetion o
menstirnal cyele was observed.

‘The vatues found for the excretion of 17-hetosterowds drd
not ditfer from these reported wn the hiterature It 1s pomnted
out that appreciable amounts of these sterosds are exereted
onty after the age of 1612, and that the vanations with age
and sex respectively are much more marhed than for the
corticords The dispersion of the ingividual salues 14 very great
in children, and in adults somewhat greater than for the corti
gouds The exeretion of 17-ketosterouds seems {o be without
any relation to hody weight and body surface avea respeet-
wely.

The imnseshgations defmntely show that carticoids and 17-
k £ ds are excreted independently of cach ather The con-
clusion is drawn that the two groups of sterords originate m
the adrenal cortex from i{wo separnte fanelions winch are
developed at a different period of tife,
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Ing at the same time if any relation exists between excretion
and the menstrual cycle in women) and 3) to study the relation
between the excretion of corticoids and that of 17-ketosteroids.

An account of the investigations reported in the literature
on the normal excretion of corticoids is given. At present it
is only in the case of children that there are available a few
careful investigations on a large number of subjects. It is
pointed out that a direct comparison of the results in more
cases eannot be made as various techniques have been used for
the analyses.

The relation of the excretion of 17-ketosteroids to age and
sex has been established during recent years. The most im-
portant reports concerned with this subject are briefly dis-
cussed.

Our own investigations consist of determinations of the
urinary 24-hour excretion of corticoids in 214 women of an
age from 2 to 83 years and in 187 men of an age irom 2 {0
80 years At the same time determinations of 17-ketosteroid
excretion were carried out In 3 women the corticoid excretion
was assayed daily throughout a period of a month, and in 2
men daily for 14 days and 7 days respectively.

The corticoids were determined chemically by the method
previously described, which is based upon the reducing pro-
perties of these steroids (the determination is made on the
neutral ketonic steroids extracted from urine a pH 1 by means
of chloroform). The 17-ketosteroids were assayed by the micro-
method devised by Hamburger

The results on corticoids indicate a daily exeretion approx-
imately parallel in the two sexes during life but a lithie higher
in men than m women. The excretion is smallest in children,
largest in adults of the age between 20 and 40 (being on an
average about 0 69 mg. in women and aboul 0.86 mg. in men
per 24 hours), and falling again in subjects of hugh age-groups.
A rather large variation of the individual exeretion is found,
but only 1n a few cases (3 women and 2 men) did the salues
deviate more than + 50 per cent from the values of the mean

curves.
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The excretion (and production) of corticoids seems to be
related to the activity of the cells (and to the metabolic rate
of the body). Presumably the corticoids are of decisive im-
portance in certain intermediate metabolic processes, though
the actual mechanism is as yet unknown. These problems are
discussed in detail,
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SUMMARY IN DANISH
1

LEn aversigl over corlicosteroiderne serlip med henblik pan
udskalleleen { urinen hos normale oy i patologisie titfaide

Drer gives en hort omtale af de vighigste hstorishe data
vedrprende binyrebarkens betydning, hinyrebarkehsirakiernes
fremsuthng og de enkelte sterorders wolering og syniese.

Efter en red 1se for cortieost dernes hemiske struh-
tur fremhaves deb, at bestemte trk 1 molehylstruhtoren or of
afgorende betydmng for den biologiske aklailet. Paa basis af
denne er det al deligt at inddete cort iderne 1 2 ho-
vedgrupper glueocorticorder og mineralocorticotder Men des-
uwden dannes 1 binyrebarken sterowder med sexuathormonhg-
nende egenskaber.

De tainge biologiske metoder, der er angivet Dl paavisning
af corticorderne. nemgaas shematish. Det fuststaas, at hun
to af dem er Liistrreblelipg folsomme fif en kvantiativ bestem-
melse af de smaa muengder aktwe cortiensder, der udshalles i
urinen, nemlig den saakaldte »kulde-leste og sleverglycogen-
sfleyrings-tesiens. Kun sidstnrevnie har fundet praktish an-
vendelse

De kemiske metoder, det sider 1945 har xzeret foteslanet tif
hiantitatiy bestemmelse af corticoiderne i urinen, besknves ret
detaillerct, og den praktiske anvendelse af dem diskutercs.

Endelig gives, 1 delvis skematish form, en fremstiling af de
facholdsuis faa resultater, der i fitleraturen er meddelt om ud-







peits
m

Undersogelser over ndskillelsen af corficoider og 17-kelo-
steroider i urinen urder tilforsel af adreno-corticotrop!
hormon (ACTH).

Hovedformaalet har seret at undersoge, om der ved en be-
stemmetse af udshillelsen af corticoider og 1%-ketosteroider i
urinen han opnaas et hvantitativt maal for virkningea af
ACTH hos born eg voksne Desuden har det vmeret hensigten
2t undersoge, om swrhige fahtorer exentuelt kan indvirke paa
binyrebarhens reaktion overfor ACTH-stimulationen.

Undersogelserne omfaiter bestemmelser af udskillelsen af
cothicaider og af 17-ketosteroider 1 urinen for, under og efter
tilfarsel af ACTH til 25 patienter (2 born, 15 khvinder og 8
miend} hidende of forskellige sygdomme.

1) a. Karakteristish for de normale udskilialseskurier for
steroiderne under ACTH-til{orsel viser 51 at vere en sligning
i udshijlelsen allerede den forste dag. og denne fortszetter pro-
gressind indtl et makhsimum naas 3 —3. dag. Den maksxmalc
biny rebarkreakion maalt ved st dudskilt or
af dosertngen, men sambidig udsat for temmelig store 1ndin-
duelle variatsoner.

b {4 tifxelde et fundet en pedsat b rebarkfunktion Re-
sultaterne af steroidanalysernc sammeniignes med de resul-
tater, der opnaaedes @ tislutning it en 48 timers ACTH-funk-
tionsprove, der blev udfert paa en kvindelig patient med mb
Addison tudskallel: shiger ur g b t,
og der hommer sntet tydeligt maksimum. Efter seponerng af
ACTH sedvarer den traege reaklion, wdet udshillelsen forst efter
flere dages forloh naar det plan, der {andtes for ACTH wndg-
ten begyndte. I nogle tilfwelde var dette seerlig fremiredende
for corhicordernes vedhommende, hvorfor man ved udforelsen
af den af Thorn angivne 48 timers ACTHAest man sierveje og-
sna at forelage disse analyser.

2) I 2 tilfwlde, hvor ACTH bles gnet 3 varierende doser,
b dskitlelsen af corticoider og 17-Leto-
stcroxdcr svarende til huert dosssplan. Naar de herved op-
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skillelsen af corticoider hos normalpersoner og hos patienter
med forskellige lidelser i hypofyse og binyrebark visende sig *
ved hypo- eller hyperfunktion af disse.

i

Undersogelser over den kemiske bestemmelse af corticoider
i urinen.

Formaalet har vicret at indarbejde en kemisk metode til
kvantitativ bestemmelse af corticoidudskillelsen i urinen.
“Trods en grundig experimentel undersogelse af metoderne an-
givet af Heard & Sobel og af Talbot, Saltzman, Wirom & Wolfe
Iykkedes det ikke at opnaa tilfredsstillende resultater med no-
gen af dem. I farstneevnte hurtige og lette metode laa vanshe-
ligheden i af undgaa uspecifike stoffer, da reduktionshestem-
melsen udfores direkie pan det totale urinekstrakt, medens
det i sidstnzevnte langvarige og besveerlige melode var umuligt
at opnaa paalidehge holorimetriske bestemmelser af reduk-
tionen,

Ved at kombnere principperne 1 disse to metoder er det
Iykhedes at komme udenom de nmvnte vanskeligheder.

For at fastlzgge de optimale betingelser er der foretaget en
experimentel undersogelse af de forskellige trin 1 analysen, der
i princippet gaar ud paa at bestemme reduhtionsesnen af de
lipoid-oploselige hetonishe corticorder, der udrystes af urm
ved pH 1.

Relationen mellem de reducerende corlicorder og de bio-
Togish aktive ghicocorticorder er undersogt ved samtidige he-
mishe og biologiske analyser af urin fra patienter, der er be-
handlet med ACTH De stigninger og fald i udshallelsen, der
terved er fundet, forloher parallelt for de to mctoder, hvilket
tyder paa, at de afspefler biayrebarhens funktion paa cn en-
tydig maade. Udshallelsen af de biologisk aktive corticoider sy-
nes i tilslutuag til stimulationen at stige procentisk mere end
de reducerende corticorder De eventuclle aarsager herth) dis-

Thuteres.



AV

Noget lignende er ingliaget hos et barn, men her hun med
hensyn til corticoidudshillelsen. Der diskuteres muligheden af
antistofdannelse.

Til slut omtales hort de idanalyser, man han frenke sig
at udfore for at bedomme binyrebarkens reaktion i kliniske
forsog med ACTH.

v

Undersogelser over den biologiske bestemmelse af gluce-
corlicaider.

Formaalet har verel at mdﬂrbcjde en af dc foreliggende
biologiske der 41

Eflcr 12—24 timers faste fommes adrenalehtomerede dyrs
lever for glykogen. Glucocorticoiderne er imidlertid i stand til
at gendanne leverglykogenet, og hascret herpaa har Venning,
Kazmin & Bell {1946) udarbejdet en metode til kvantitativ
bestemmelse af disse sterowder i urtnen. Denne metode har
vieret undersogt ber og er fundet anvendehg hl det nevnte
{ormaal,

Pet er vighgt sladig at hontrollere musencs folsomhed
overfor den gl i der gives tidig med steroiderne,
da denne i sig selv kan bevirke en vis glykogenaflejring

Forsog med urinehstrahier, der er opnaaet fra pahenter i
perioderne for og under mndgift af ACTH, synes at tyde paa,
at der under shmulationen kommer ca hvalitativ tendring i
sammensetningen af corticoiderne i unnen, idet dosis-virk-
nmngs hurven faar et stejlere forfob Dette kan forklare nogle
af de uoverensstemmelser, der under ACTH wdgift tidligere er
fundel mellem den pr ke stigning af de kemiske og de
‘biologishe vardier for corticordudshillelsen, Som standard har
veeret anvendt Cortison, Dette er som folge af ovensiaaende
fund muhgws ikke berettiget, hvis der foreligger en hyperfunh-
tion af binyrcharken,

Meget lave sxrdier for udshillelsen er tundet i 7 tilflde af
Addison’s sygdom og 1 et tilfelde med nedsat hypofysefunk.
tion,
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naaede vierdier for udskillelsen afhildes i et hoordinatsystem
overfor logaritmen til dosis findes en linizer relation Disse
kurver holdt med resulfaterne af de ovrige undersagel
ser viser, at der for at fremkalde en stigning i corticotdudskil-
lelsen hos born mindst skal tilfores 5—6 mg. ACTH og hos
voksne ea. 12 mg. pr. dogn, medens de tilsvarende doser for
17-ketosteroidernes vedkommende er henholdsvis ca. 12 og ca.
14 mg. pr. dogn. Visse forhold taler for, at de nwvnie doser
svarer til de mangder ACTH, der normalt produceres i men-
neskets hypofyse.

3) I 3 tilfzxelde, hvor ACTH er givet i hoje doser, er der
9.—10. dag observerel et midlertidigt fald i corticoidudshiliel-
sen; i et af tilfeldene grelder dette ogsaa 17-ketosteroidudshil-
felsen En udmattelse af binyrebarken som en mulig forhlaring
herpaa diskuteres. Def fremhaves, at det maaske kan veere
uheldigt @ hyver enkelt injektion at tilfore den mengde, binyre-
barken maksimalt han udnytte. Denne maengde synes at hgge
meltem 20 og 30 mg.

4} Lde fleste fuifrelde er der 1 tilsfutning tif indgit af ACTH
observeret en procentish storre stigning i udskillelsen af corti-
corder end af 17-hetosteroider, hvilhet i reglen har vivret frem-
traedende allerede fra den forste dag. Denne forskel i udshitlel-
sesforholdene er swerlig tydelig hos born, hvor der i 2 lilfwlde
kom en hgesaa hraftig stigming 1 corticoidudshillelsen, som
man ser hos voksne, medens 17-ketosteroidudskillelsen hun
steg lidt 1 det ene tilfeelde fagttoges efter 50 dages ACTH ind-
gift en wndring i binyrebarkreaktionen, der tages som ef ud-
tryk for en begyndende modming af hinyrebarkens sandrogenee
funhtion Undersogelserne tyder paa, at corticoiderne og 17-
hetosterorderne produceres nafhwrngigt af hananden 1 hinyre-
harhen, men at dennes evne tit at danne I7-ketosterondernes
forstadier forst udvikles paa et sent iidspunkt (formenthg
samtidig med honsmodramgen)

5) I langtwdsforsog er der hos 2 vohsne efter henholdsyis
70 of 40 dages ACTH indgift iagtlagel en refrahter tilstand.
hvor steroidudshallelsen naar vaerdter, der fandtes for forsogels
begyndelse, og bvor den ikke shiger selv efler hojere doser,
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Noget lignende er iagtlaget hos et barn, men her hun med
hensyn til corticoidudskillelsen, Der diskuteres muligheden af
antistafdannelse,

Til sint omtales kort de steroidanalyser, man han trenke sig
at udfare for at hedemime binyrebarkens reaktion i hhniske
forsog med ACTH.

v
Und Iser oper den biolopiske best Ise of gluco-
carlicoider

Formaalel h:u" veeret ab mdnrbe)dc en af de {orehiggende
biolagsh il b

Efter 1224 timers faste tommes adrenalehtomerede dyrs
lever for glykogen. Glucocorticorderne er mmidlertid 1 stand tj)
at gendanne leverglykogenet, og haseret herpaa har Venning,
Kazmin & Bell {1946) udarbejdet en metode til kvantitativ
bestemmelse af disse steroider i urinen, Denne metode har
vaeret undersogt her og er fundet anvendelig til det nwevnte
formaal.

Det er wighgt stadig at kontrollere musenes folsomhed
averlor den gi der grves tidig mead steroid
da denne i sig selv han bevirhe en vis glyhogenaflejring.

Forsog med unnehstrahier, der er opnaact fra patienter i
perioderne for og under indgifi af ACTH, synes at tyde paa,
al der under stimulationen hommer en kvalitativ zendring 1
sammensatningen af corticoiderne i urinen, idet dosis-virh-
nings hurven faar et stejlere foriob. Detfe han forhlare nogle
af de woverensstemmelser, der under ACTH mdgift tidtigere er
f\mde! mellem den procentiske stigning af de kemiske og de

logiske vcerdier for corticoid Helsen. Som standard har
wweret anvendt Cortison. Dette er som folge af ovenstazende
fund muhigsis ihhe berettiget, hvis der tareligger en hyperfunk-
tion af binyrebarken

Meget lave smrdier for udskillelsen er fundet i 7 tilfzeide af
Addison’s sygdem og i et tilfmlde med nedsat hypolysefunk-
tion
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Udskillelsen af glucocorticoider blev hestemt hos 2 normale
kvinder og 14 normale maxnd. Gennemsnitsudskillelsen var
henholdsvis 35 ug. og 64 pg. pr. dogn. En rekke 48 timers
urinopsamlinger fra en kvinde (med kronisk polyarthrtis)
undersogtes 1 en periode paa 22 dage. Udshillelsen varierede
mellem 25 og 89 pg. pr. degn med en gennemsnitsveerdi paa
48 ug.

v

Undersogelser over den normale udskillelse af reducerende
corticoider i urinen hos mennesket og corticoidernes relation
til 17-ketosteroiderne.

Formaalet med dette arbejde har veeret 1) at undersoge den
normale udskillelse af corticoider 1 urinen hos mand og kvin-
der 1 alle aldre og at fastlzegge greenserne for denne, 2) at un-
dersoge de daglige variationer i udshillelsen (herunder ogsaa,
om udskillelsen har nogen relation til menstruationseyhlus),
samt 3) at undersoge relationen mellem corticoidudskillelserr
og 17-ketosteroidudskillelsen.

Der redegeres for de 1 litteraturen meddelte undersogelser
over den normale corticoidudshillelse. Kun for borns vedkom-
mende foreligger enkelte grundige undersogelser over detie
emne Det pointeres, at den anvendte teknik ved analyserne
har veeret noget varierende, hvorfor en direkte sammenlig-
ning 1 flere tilfelde 1hke lader sig gore.

Forholdene vedrorende den normale udshilelse af 17-heto-
steroider er klarlagt 1 lobet af de sidste aar, De store arbejder,
der forehigger herom, omtales hort

Egne under. Iser omfatter best Iser af degnudskil-
Jelsen af corticoider hos 214 kvinder i alderen 2—83 aar og
187 meend 1 alderen 2—80 aar Der er samtidig foretaget be-
stemmelser af 17-ketosteroidudskilielsen Hos 3 kvinder er
corticoidudskitlelsen hestemt dagligt i 1 maaned, hos 2 mand
daghgt i henholdsvis 14 dage og 7 dage

Corticoiderne er bestemt med den tidligere beshrevne me-
tode, der er baseret paa disse sterorders reducerende egenska-
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ber (reduktionshestemmelsen foretuges paa de neutrale keto-
niske steroider, der med chloroform lader sig chsirahere af
urin ved pH 1). 17-kelosteroiderne er bestemt rutinemsessigt
med den af Hamburger & Rasch beskresne mikrometode.

Resultaterne viser, at corlicoidudskilelsen forlober nogen-
tunde paralieit hos de to hon, men er lidt storve hos mewend end
hos kvinder. Udskillelsen er nundst hos born, siorst i 20—18
anrs alderen (gennemsnitlig bier for kvinder ca 0.69 mg. og for
maend ca 080 mg. pr. dogn}, hvorefier den igen falder i de
hojere aldersklasser. Der or ret stor imndiiduet varabion ¢ ud-
shallelsen, men kun enkeite verdier (3 hunder og 2 mwnd)
devierer mere end & 50 % fra vierdierne paa gennemsmiskur
verne.

Beregnes udshullelsen pr kg legemsiwegt er den storst hos
born {ved 2 aars alderen ca. 145 ug. pr. kg ) og mindst § de
hojere afdershlasses (mellem 70 og 80 asr: ¢z 7.5 pg pr. kg ).
Mellem 10 og 40. aar maudres den hun lidt. Forskellen @ corts-
coidudskitielsen hos de to kon udjeines betydeligt, noar ud-
shillelsen ndiryhhes paa denne magnde. Indenfor samme niders-
klasse synes der at vzore en vis proportionahitet metlem legems-
~egt of corticondudsiatielse.

Beregnes 1 pr. m? flade formmdshes
aldersvariabonerne hetydeligt. Udiryht paa denne maade er
wdshillefsen hos voksne wdtid 58 aars atderen dog stadig fidf
storre end hos born, medens den efter denne alder bliser lavere
<nd hos disse.

De starste daglige variationer 1 udskiilelsen hos de 1re kvine
der {(undersogt gennem lengere Lid) var ea. 4+ 30 % af de en-
Leltes rdier. Vari Iros de 2 miend. der
undersogles 14 o 7 dage, var noget mindre. Der fandtes mngen
relabion meltem corticordudshilielsen og menstruationscyhtus
bos kvinder

Resulinterne for 17-helosterordudskaBlelsen adskaller sig
ihhe fra dem, der or meddelt i Lilteraturen Det fremhwmves, at
disse sterouder forst fra 10—12 nars aldefen udskaites 1 storre
meengder, of at saavel alderssanationerne som honsyarintio-
nerne 1 udskilelsen her er langt mere udtalt end for corti-
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coiderne. Spredningen af enheltvierdierde er meget stor hos
born. Hos voksne er den noget storre end for corticoiderne. Der
synes ikke at vaere nogen relation mellem 17-hetosteroidud-
shillelsen og henholdsvis legemsvaegt og -averflade.

Undersogelserne viser, at corticoiderne og 17-hetosteroider-
ne udskilles vafhzngigt af hinanden. Dette fages som et ud-
tryk for, at de to steroidgrupper hidrorer fra to af hinanden
uafhaengige funktioner af binyrebarken, der udvikles paa for-
skellige tidspunkter § livet.

Der synes at vere en vis relation mellem celleaktiviteten
{og dermed legemets ener tning) og corticoidudskitiel-
sen (-produktionen). Formentlig er corticoiderne af afgorende
Letydning for visse intermedisere stofskifteprocesser, men den
nojere mekanisme er ikke kendt. Disse forheld diskuteres
indganende.

ERRATA

Part 1: Page 74: HO = attachcd at G, m 17-bydroxy-costico-
sterone, read: HO—

Part 11* Page 220. lne number 5 from heneath: by shaking
3 times, read: by shahinyg onee.

Part I Page 108, hne number 2 (rom heneath, column 8:
E.H. H. 072 mg of corticords before ACTH, read: F. J.
0.72 mg ete

Part 1V: Page 144, fowest hne 0 case H. C., read: in case
H,OH.






