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PREFACE

UnpER its eminent Trustees, the Ciba Foundation is
engaged in a number of activities with the purpose of improv-
ing co-opcr'\tlon in dical and ct h between
workers in different countries and different disciplines, At
its house in London the Foundation provides accommodation
for scientists, organizes conferences, conducts a medical
postgraduate exchange scheme between Great Britain and
France, arranges a variety of short informal discussions,
awards two anpual lectureships, 1s building up a library service
in special fields, and assists international congresses and
scientific institutions and societies.

This volume contains the proccedings of the forty-third
small international conference, each of which has lasted two to
four days, held at the Foundation since 1950, It was the
seventeenth conference on an endocrinological subject, pro-
posed in this instance by Professor F. G. Young. Its organiza-
tion was mainly in the hands, for the first time, of Dr. Genese,
who received much helpful advice from Professor Young,
Dr. A. S. Parkes, and Dr. J. A, Loraine.

Dr. Parkes very kindly acted as its Chairman, a role he had
filled with distinction several times before at the Foundation,
but never more effcctively and delightfully than on tls
oceasion.

The Group was, as usual at the Ciba Foundation, much
restricted in size, partly becausc accommodation is hmited,
but chefly because 1t is found that useful exchanges and
arguments can best be obtained when the members can easily
and quickly come to know each other well.

The senior Editor wishes to place on record here the debt
of the Foundation and its guests to Miss Elaine Millar, who
now leaves to take up work in the United States. This volume
1s the seventh she has edited for the Foundation in the past
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two and a half years. Both Editors hope it will prove aceept-
able and informative to the original participants in the
colloquium and to many readers throughout the world who
could not be present in person.
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: CHAIRMAN'S OPENING REMARKS
A. S, Parxrs

THERE are two reasons why I have a special interest mn
this eolloquium. In the first place, Thave a tenuous connection
with the word “hormone”, arising from the fact that as a
young post-gradunte student I was interviewed for my first

. job by E. H. Starling, who was then Professor of Physiology
at University College. 1 was well aware of Starling’s pre-
eminence as a physiologist; I was not anare at the time that
about ten years before he had brought into use the word
“hormone™. The somewhat curious history and the inade-
quacies of the word as applied to the internal secretion of the

., endocrine organs were d d fully by Sharpey-Schafer in
1924 and need not concern us now. The relevant point 1s that
Starling defined a hormone as a substance produced i one
organ of the body and carried by the errculating blood to
another organ in which 1t evokes a response. I think 1t is
important that we should remember this onginal definition.
1In the case of the secretion of the gonads, with which much
of my own work has been concerned and which will no doubt
feature to some extent in this colloquium, there has been a
tendency to forget it, A hormone 1s not something that
occurs 1n the urme or something knocked up by a chemist
in his laboratory; & hormone 1s something that goes round in
the blood to act in another part of the body. For this reason
1 like the title of this colloquium.

Unfortunately, the detection of the gonadal hormones n
the circulating blood was very difficult in the early days, and
attention was readily diverted from this awkward problem
by the discovery that large amounts of analogously active
substances occurred in the urine. This concentration of work
on excretion products enabled the chemist to make his vital

BLooD—1 1
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THE STATE AND CONCENTRATION OF THE
NEUROHYPOPHYSIAL HORMONES
IN THE BLOOD

H. HELLER
Department of Pharmacology, University of Bristol

It is known that certain steroid hormones (Szego and
Roberts, 1946, 1947; Daughaday, 1956) and the thyroid
hormones are bound or partially bound by plasma proteins.
The peptide hormones have been Iittle investigated but pro-
tein binding of neurohypophysml prmcxples has Iong been
suspected, The probl d by the p y
that the hormones reach ‘Lhe blood not as the free octapeptides
but 1n a storage form linked to a protemn of hypothalamic or
glandular ortgin (van Dyke, Chow, Greep and Rothen, 1942;
Acher and Fromageot, 1957). However, so far as *‘exogen-
ous” vasopressin 1s concerned, Ginsburg and Heller (1953a)
found in animals 1n which the main sites of clearance, namely
the kidneys and the splanchnic vascular bed, had been elimin-
ated, that intravenously injected antidiurctic hormone (ADH)
left the blood more s]owly than would be expected from a
freely diffusibl p of the molecular weight of about
1,000. Binding of vasopressin and oxytocin is also suggested
by numerous reports (de Wesselow and Griffith, 1934; Broun
and Scheiner, 1935; Levitt, 1936; Heller, 1937; Croxatto,
Andrade and Barnafi, 1952) that the ultrafiltrability of the
neurohypophystal principles is decreased when they are mixed
with plasma or blood. Heller and Lederis (unpublished) have
recently done same experiments in which they compared the
rate of dialysis of the pressor and oxytocic principles from
0-9 per cent sodium chloride solution with that from human
plasma. They used Prtuitrin (Parke, Davis & Co.) and syn-
thetic oxytoan and found in all instances that the activity

3




2 A. 8. Parxes

contribution to the subject and to supply the biologist with
large amounts of active substances, but it confused sadly the
biological picture. A few years ago in referring to this matter
at the Hoyal Society of Medicine I revalled that Dobriner’s
methods of examming urinary steroids resulted in the produe-
tron of up to 3000 fractions from a single specimen of urine
and urged a poliey of “Back to Blood”, This is the second
reason for my interest in this collogquium and no doubt the
mait reason for the invitation, which I much appreeiate, to
take the charr.

This is the forty-thed Ciba Foundation international
conference, and I have been involved in one way or another
with many of them. It is difficult to say what exactly is the
keynote of these most pleasant snd useful meetings, but T
think 1t can be said that, whereas at these conferences we
take our science seriously, we do not take ourselves too
seriously. In this way the Ciba Foundation conferences have
scquired a most happy reputation, which I am sure will be
more than maintained on the present occasion.
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deliberately overhydrated. Normally, therefore, onc would
expect to find some ADH in the blood but one must also
expect fluctuation in the hormone coneentration (a} duc to the

e
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diurnal rhythm already mentioned, (5} in relation to fluid
ingestion and (¢) as a result of seasonal influences. In hot
weather there 1s likely to be an mcreased release of ADH
(Heller and Smirk, 1932; Bonvallet, Dell and Stutinsky, 1948;
Itoh, 1954; Macfarlane and Robmson, 1957). What then is



4 H. Heuxer

disappeared more slowly from plasma than from saline.
Inulin, on the other hand, i.e. a substance which is known
{Sbannon and Smith, 1835) not to be bound by plasma pro-
teins, could, under the same experimental conditions, be
shown to dialysc from saline and plasma at about the same
rate, In the experiments so far mentioned the dialysis was
done against running water. Similar results were obtained
when the hormones were dialysed to equilibrium against »
fixed volume of Krebs-Eggleston {1940) solution (Fig. 1).
Extensions of these expertments are planned.

Turning now to the di of the gration of the
neurchypophysial principles in the blood, the first question
one naturally asks 1s: What is the normal concentration of the
posterior pituitary hormones in the blood? There are several
reasons why it is difficult to answer this question. First,
“normal” has to be defined mn terms of the physiological
function of the hypothalomo-neurohypophysial system. This
15 relatively easy for the antidwretic hormone, We know
enough to assume that in the healthy adult mammsl, the
osmalarity of the urine during the 24 hours of the day will
rarely reach values comparable to those in a patient with
diabetes insipidus with free access to water (Heller, 1944). Tt
has been shown (Sirota, Baldwin and Villarreal, 39505 Mills,
1951 ; Lewis, Lobban and Shaw, 1956) that the diurnal changes
in urine flow are almost wholly attmbutable to vanations in
the tubular reabsorption of water and that the 24-hour eycle
is maintained even when the subject’s sleeping habits are
changed and his fluid intake at night equals that of the day.
This suggests strongly that the urine volume is controlled by
o continuous release of ADH but that the amounts of hor-
mone secreted are influenced by an inherent hypothalamic
rhythm. Superimposed on the overall dwrnal changes is 3
more transient physiological situation, namely the intake of
fluid to satisfy thirst. This spontaneous water intake can only
rarely be large enough to inhibit the sceretion of ADH by the
healthy mammal completely. It cannot be compared with the
jdwretic assay ¥ d when the animal is

familiar
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animal by the subcutaneous or intraperitoncal injection and
‘hence liberation of endogenous ADH may be one factor. The
presence of potentiating substances which delay absorption
(Noble and Taylor, 1953) may be another, and the occurrence
of substances like 5-hydroxytryptamine, which seems to be
more potent on intraperitoneal than on intravenous injection
(Erspamer and Sala, 1954), may be a third.

Other reasons why incomprehensibly large amounts of anti-
diuretic activity have sometimes been found in blood—even
when an intravenous assay method was uscd—are connected
with the experimental conditions under which the blood
samples were obtained. Ether (Ginsburg and Heller, 1952,
1953a; Ames and van Dyke, 1952; Eversole and Giere, 1054)
and pentobarbitone (de Bodo and Prescott, 1945; Ginsburg
and Brown, 1956), for example, have been shown to stimulate
the neurohypophysis; so does the removal of relatively small
volumes of blood by cardiac puncture (Ginsburg and Heller,
1952, 1953a; Ames and van Dyke, 1952) and so, at least in the
rat, does massive haemorrhage (Ginsburg and Heller, 1953a;
Ginsburg and Brown, 1956). Moreover, as already stressed,
pain or discomfort of the patient or animal at blood removal
has to be strictly avoided. For instance, it seems to me quite
possible that pain or ex may be the explanation why
we occasionally found determinable amounts of antidiuretic
activity when we obtained blood by internal jugular puncture
even though the skin of our subjects had heen infiltrated with
procaine and they appeared to be outwardly calm.

Summarizing then the “acceptable” data, it would appear
that in the temperate zone in man and in the rat the normal
concentrations of ADH in peripheral blood are so low that they
cannot be estimated with the techmques at present at our
disposal. This conclusion—at least for the rat—is consistent
with a caleulation based upon an estimate of the rate of
liberation of ADH in normal animals and its rate of clear-
ance from the circulation. According to Dicker (1954) 8-15
pu./min./100 g are secreted. It can be calculated from this
and from the constant obtained by Ginsburg and Heller (1953b)




8 H. Herier

the arder of magnitude of these “normal” fevels? A survey of
recently published results of estimations of antidwmetic
activity in human and snimal blood shows that they can be
roughly divided wnto two classes. There are firsily some
suthors wha have found relatively Iarge smounts of anti-
diuretic activity in the blood. Mirsky, Stein and Pauhlseh
(1954} for instance found activity equivalent to 184 £ T4 pu.
{microunits) vasopressin per ml. normal rat plasma, and Lloyd
and Pierog (1935) reported values of up ta 400 yu. For human
blood, antidwretic values equivalent to several 100 pu./mi.
have frequently been reported and Perry and Fyles as recently
as in 1953 published values which, if due t¢ the posterior
pituitary ADH, would be equal to about 10,000 pu./ml. serum.

In contrast to these findings ave the reports of Ames and
van Dyke (1952) who found less than 20 to 40 gu./ml. serum
from blood obtamed by decapitation of rats in normal water
balance, and of Ginsburg and Heller (19532} who found less
than 100 pu.jml, plasma from blood whick had been eollected
from the external jugular vemn of normal rats. The latter
finding gains 1n sigmficance considening that mn the tat the
external jugular vein is the mam dramage of the pitwtary,
In human beings m winch the venous outflow from the gland
is mawnly carnied by the internal jugular vem, antidmretic
activity was exther so low that it could not be estimated, e,
it was lower than 12-20 pufml. jugular plasma (Heller and
Schuieden, 1955; Bisset, Lec and Bramwich, 1958} or m a few
instances in the region of 10~28 uit,/mi.

Several reasons can be advanced for this simking discre-
pancy in results. First of off, it hes by now been shown
repeatedly and unequvocally that blood, plasma or serum
injected subcut ly or mtiraperi Hy into rats (which
are the most commonly used animals for this kind of assay)
may, when standardized agawst Pitressin, give much higher
resnlts than intravenous injections of the same material into
rats, dogs or human beings. Up to 25-fold differences have
been recorded {Ames and van Dyke, 1952; Lews, 1053). Why
they arise is not quite clear. Pain or irritation of the conseious
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into rats. Certain results of Ames and van Dyke (1952) in the
Kangaroo rat should, I think, also be mentioned in this
context. This species of desert animal has been shown never
to drink water spontaneously and the hormone content of its
neurchypophysis is exceptionally high. It can concentrate
its urine to values well above those obtained in the laboratory
rat (Schmidt-Nielsen et al., 1948) and excretes normally large
amounts of antidiuretic activity in the urine (Ames and van
Dyke, 1950). It may therefore be said to live in a state of
physiological dehydration. Plasma antidiuretic values in this
species in series of 20 tranquil animals were: 50 to 200 pu./ml
in 12 and less than about 50 gu./ml, in 8,

There is no doubt that the “unphysiological” stimuli
already mentioned can raise the antidiuretic activity of the
blood to prodigious levels, for ple up to 26,000 pu./ml.
external ]ugular blood 1n the rat (Ginsburg and Brown, 1956).
It is as yet difficult to say whether we are here dealing with an
“emergency function” of the posterior pituitary either because
the large amounts of active principles released are aimed at
certain penpheral target organs or whether we are concerned
with an *“overspill” from the hypophysial portal circulation
into whlch these hormones, together perhaps with other hypo-
thal. iples, have been rel d to stimulate the anter-
ior lobe and thus indirectly the adrenal cortex, or whether both
possibihities apply. As pointed out by Ginsburg (1957), the
amounts of vasopressin released by haemorrhage in the rat
are certainly high enough to suggest that the hormone could
have 2 sustaimng effect on blood pressure. If these observa-
tions can be extended to other animals and man, they would,
I suppose, furnish us with an explanation why, compared
with the minimum antidiuretic dose, such very large quanti-
ties of hormone are held in readiness in the neural lobe,

Methods to estimate the oxytocte hormone in the blood ate
not as yet entirely satisfactory. However, I should Iike to
mention some results of Fitzpatrick and Hughes (1957)
because the ammals from which the blood was obtained were
as neatly 1ormal as such experiments permit. They collected
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in the equation for the clearance of ADH that the correspond-
ing tion of the b in the blood would be 68 to
8:2 yu./mlL or 5 to 19 pu. in the total blood volume, This
laiter figure seems reasonable since it is of the same order as
the minimum antidiuretic dose.

Lack of information on the rate of clearance of the anh-
diuretic hormone prevents similar caleulations for species
other than the rat but there are some mdications that dehydra-
tion may raise the hormone concentration in the blood to levels
which can be determined. Blackmore and Chester (1956)
withdrew water from dogs for 24 hours and on intravenous
injection of plasma ples into rats anaesthetized with
ethanol, reported antidiuretic activity equivalent to 45-105
pu. vasopressin per ml. plasma, Buchborn (1956) quite
recently has published an impressive curve in which he plots
plasma antidiureticlevels against serum osmolar concentration.
As predictable from Verney's (1947} classical work, a significant
correlation was obtained. 1t 1s of great clinical interest since it
may explain why such varying values for blood antidiuretic
activity have been obtained in certain oedematous conditions.
Heller and Schnieden, for instance, in & small series of
patients with liver cirrhosis and ascites (Heller and Schnieden,
unpublished) and in some infants with Kwashiorker {Heller,
1856) found, in blood samples obtained by internal jugular
puncture, concentrations which, in diferent patients, varied
from less than 11 te 152 pu./ml. plasma. The influence of
excitement again cannot be discounted, but it may be that
these figures reflect. diffe in plasma ic pressure or
distortious of the extracellular fluid phase. However, Buch-
horn's values at normal serum molarity (800-310 mOsm./L}
seem somewhat high considering that Lewis (1958), using an
impeccable methad of assay, found the activity of human
plasma, after 12 hours dehydreation, to be well below 100
pu./ml Buchborn used a new method of assay (he injected his
test material into the lymph sac of tonds) and it cannot as yet
be excluded that hisantidiuretic effects were somewhat “ poten-
tiated"; in & similar manner as after intraperitoneal injection
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uterine activity (see Fitzpatrick, 1957) during the oestrous
cycle would be compatible with periodic changes in the release
of the two neurohypophysial principles.

So much for the réle of oxytocin in the female. But we are
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Fi10.2 Pressor (C"77]) and oxytocic (MENER) activity in

the pituitary glands of adult female rats at different

stages of the oestrous eycle (Heller and Ledens, un-
published).

still faced with the puzzling fact that the pituitary of the male
contams large quantities of oxytocin. Is there any indication
that oxytocin is needed by the male? There may be one which
had recently come to light; Brooks and Prckford (1957) have
reported that the intravenous injection of oxytocin mto dogs
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blood from an indwelling catheter in an external jugular vein
of cows, extracted the blood by a modification of the method
of Bisset and Walker (1954) and assayed the extracts on the
superfused rat uterus. Oxytocic values ranging from 120-300
wu./ml, were obtnined. The interpretation of the results of
Bisset, Lee and Bromwich (1956} on blood samples collected
from an internal jugular vein of patients at operation is—as
the authors stress themselves~obscured by the fact that the
donors were under the influence of a variety of drugs, But it
is noteworthy that much more oxytocie than antidiuretic
activity was found, a discrepancy which has also been noted
whenever the release of neurohypophysial hormones has been
investigated indirectly by their effect on the farget organs
(Harris, 1848; Cross, 1951; Abrahams and Pickford, 1954).
Ancther difficulty in discussing *‘normal™ blood levels of
the oxytocic hormone arises from the fact that the physio-
logical premises for its retease are less clear than those for the
secretion of the antidiuretic-vasopressor principle. There is
good evidence {see Cowie and Folley, 1957) for its release
during lactation but some results have recently comte to hand
which suggest that there may also be varintions in the release
of oxytocin during the oestrous cycle and that therefore
cyelical changes in the blood hormone level may have to be
expected in the female. When estimsting oxytocic and pressor
activity in the pituitary of adult femsle rats, Heller and
Ledesis (unpublished) found that the glands of animals in
metoestrus contnined significantly less hormone than the
pituitaries of yats in divestrus or in vestrus, This applied to
both the pressor principle and to the oxytoeic principle (Fig.
2). Both hormones in the metoestrous glands were apparently
decreased in much the same praportion, that is to say the ratio
of pressor to oxyloeic activity remained ronghly the same.
Smaller differences of yet uncertain significance were also
found between dioestrous and oestrous glands, This work is
still in a preliminary stage and results i other species are
obviously needed, but the well-known changes in water meta-
bolism (Krohn and Zuckerman, 1937; Pickford, 1956) and



NeuronypornysiaL HorsoNES 18

BrouN, D, and Scuewer, H. (1935). C. R. Soc, Dol , Paris, 119, 1379,

Bucusory, E. (1958). Khn. Wschr, 34, 953,

Cowie, A. T., and Foirny, S. J. (1857). In The Neurohypophysis.
London: Butterworth.

Cross, B. A. (1951), J, Physiol , 114, 447,

Croxatro, H., ANprapz, F., and Barnars, L. (1052). Acla physiol.,
Latinoamer., 2, 142,

Davanabay, W. (1056) J. clin. Invest, 35, 1428.

DICKER, S, E. (1834). J. Physiol,, 124, 464

Dicker, S. E., and Hrrier, H (1016). J. Physial., 104, 353.

vax Dyxr, H, B, Caow, B I, Grexp, R. 0., and RoTueN, A. (1942).
J. Pharmacol., 74, 100,

Erseavner, V. J, and Sava, G. (1934). Brit. J Pharmacol , 9, 31.

Eversorr, W. J., and Gierg, F. A. (1054). Fed. Proc., 13, 42,

FrrzraTrick, R. J. (1957) In The Neurohypophysis, London: Butter-
worth.

Frrzearrick, R. J., and HucHrs, J. M. (1057). In The Neurohypo-
physis. London. Butterworth.

GiNsBURG, M (1857). In The Neurchypophysis. London: Butterworth.

GINSBURG, M., and Brown, L M. (1056). Brit, J. Pharmacol , 11, 236,

GinsBugG, M., and Hrrren, IL (1952), Cited by Hrerier, H  In The
Suprarenal Cortex. London: Butterworth

AL T i S Y Y T

" 1
HELLER, I. (1956). Cited by Davies, J N.T., Amer. J. chin. Nuir,, 4,
53!

539,
¥IELLER, }., snd Scanieony, H.(1955)  Cited by YIELLER, 1, Mem. Soc.
Endoenin, 5, 25

HerLer, H., and Sang, F I (3082) J. Physwol., 76, 23.

Herreg, H., and Zawt, S. M. A (1957) In The Neurchypophysis.
ndon: Butterworth.

Ivom, 8, (1854). Jap J. Physiol , 4, 185,

Kerens, H. A, and EcorestoN, L. V. (1040). Biockem. J., 34, 432,

Kronwn, P L, and Zuckerman, 8. (1837) J. Physol,, 88, 369

Lrvitr, G (1936). J. chn. Invest., 15, 135,

Lewis, A, A. G. (1953). J. chin. Endocrin. Metab , 13, 769,

LEW:SSE, P.R., LoBBAN, M. C, and Suaw, T. 1. (1956) J. Physwol., 133,
9.

oo

[ . . us B,
491.

Nostx, R. L, and Tavror, N, B. G (1953) J. Physiol., 122, 220,
PERRGY, W F., and Fyrrs, T. W. (1953) J chin. Endocrin. Metab , 13,
<]



12 H. HeLrer

results in a marked increase of renal blood flow (diodone
clearance) though glomerular filtration rate (GFR) remained
unaffected. They showed further that under certain circum-
stances oxytocin increased renal sodium excretion. These
findings resemble older results of Dicker and Heller (1946} in
rats. After subcutaneous injections of Pitocin we found that,
as in the dog, the diodone clearance was increased. We also
found that Pitocin rarsed the urinary chloride excretion signifi-
cantly. These results admit the tentative conclusion that
oxytocin may be somehow concerned in the regulation of
renal function and in particular in the control of electrolyte
secretion.

I regret that so much of my discussion was devoted to t}le
difficulties of estimating the level of the nem'ohyp0Ph}'5“"1
hormones in the blood. But these difficulties do not prevent
me from echoing our chairman’s slogan “Back to Blooq"~
This maxim is certanly very appropriate to the posteriot
pituitary hormones considering that we were recently able
to show {Ginsburg and Heller, 1958b; Heller and Zaidi, 1957)
that ADH, at least, 1s not only removed by but slso partly
metabolized in the kidney. Alterations in renal function and
hence in the urinary excretion of the hormones may therefore
mask changes in neurohypophysial function which would be
revealed by estimating the hormone in the blood.
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results in a marked increase of renal blood flow (diodone
clearance) though glomerular filtration rate (GFR) remained
unaffected. They showed further that under certain eircum-
stances oxytocin increased renal sodwum excretion, These
findings resemble older results of Dicker and Heller (1946) in
rats. After subcutaneous injections of Pitocin we found that,
as in the dog, the diodone clearance was increased. We also
found that Pitocin raised the urinary chloride excretion signifi-
cantly. These results admit the tentative conclusion that
oxytocin may be somehow concerned in the regulation of
renal function and in particular in the control of electrolyte
secretion,

T regret that so much of my discussion was devoted to t.he
difficulties of estimating the level of the neurchypophysial
hormones in the blood. But these difficulties do not prevent
me from echoing our chairman’s slogan “Back to Blood™
This maxim is certainly very appropriate to the posterior
pituitary hormones considermg that we were recently able
to show (Ginsburg and Heller, 1958b; Heller and Zaidi, 1957)
that ADH, at least, 1s not only removed by but also partly
metabolized in the kidney. Alterations in renal function and
hence 1n the urinary excretion of the hormones may therefore
mask changes in neurohypophysial function which would be
revealed by estimating the hormone in the blood.
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be demonstrated n extracts of kidney tissue o few minutes after the
1njection, This makes us believe that the kidney not only removes ADH
from the blood, but also that some of the hormone is metabolized in
that organ,

Qumdo I asked thc queshon because I thmk thnt - part of the purpose

Funuuy 1y asuppears 1ot Wie kiuney

So we also have the impresston lhat ‘TSH 13 in some way picked up
and metabolized 1n kidney tissue.

Heller: The situation Is even more comphcnted‘ than that 1 the case

been shown to very in vitro.

Ingbar: T wonder whether the differences 1n the assay that one gets
depending upon the route of administration might be related to the
vanations in the state of hydration that are produced in the recipient
animal.

Heller: This 1s certainly a point. The state of hydration has to be
carefully watched, The sensitivity of the assay ammals may be in-

Ingbar. I was thinking more of the differences 1n the state of hydra-
tion of the ammal asa result of varying routes of admimistration, for
example folk and njection of plasma.
1 do not know what volume of plasma you inject, but an intravenous
injection of a considerable volume of plasma into the rat might produce
considerable overhydratton.

Heller Yes, May I, tn that connection, direct your attention to a
text-figure which we have published in the Memorrs of the Society for
Endoermology, No. 5, 1n which we show that the antidmuretic Tesponse
to a given dose of Pitressin varies according to the volume of saline in
which 1t 15 ingected?

m character? ”

L OC N SR . .- .
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DISCUSSION

Harris: Did I understand correctly that during stimulation in the rat
there might be as much as 26 mu. ?

Heller: Yes.

Harris* Was that per ml plasma?

Heller: No, per ml. blood. A total of about 80 mu. in the whole
eireulation

Harris: Then 80 mu. muight be liberated in one short burst from the
rat hypophysis?

Heller: Yes, the glands of our ammels'ccntain about 800 mu.

PN Sy que Tet - mellentmmngy
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ignificantly retarded.
® ;;%ct?y w’; heave done some work with the aim of recovening injected

vasopressin from the kidneys. However, no antidiuretic activity could

i
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Samuels: Prof. Heller, do you view a low level in the pituitary gland
ns evidence of high release or of low release into the plasma?

Heller: T think all we can deduce from alterations in the hormone
content of the gland 1s that something has happened. Since, clearly,
the hormone content 1s a result of the amounts of hormone synthesized
in or delivered to the gland, and the amounts released from the gland,
we cannot say whether a low horm tent means g d h
or increased release.

Samuels: This makes 1t difficult to interpret pitwitary changes
physiologically, then, without observations of the changes occurnng
peripherally at the same tume.

Heller Precisely; I think 1t stresses Dr Parkes’s tenet “back to
blood™. The physiological situation will be revealed only 1f the blood
Ievel of the hormone 15 estimated.

of mactivation.
Harnis Yes.
- [y

students, that they must not be surprised that hormones are rapidly
d yed in the 12 3{ could not perform their function
otherwise, since their purpose 1s to adjust to changes in environment
and the past ruust not reflect too much on the present,

Lt St ad A ar i S s Prin -

that m this situation you have the double problem of changes in hor-
mone release and changes in the hormone concentration in or near the
effector cell,
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several bours, Dicker and Ginsburg {1950, Brif, J. Pharmacol., 5, 497)
failed to find inactivation in rat plasma after 18 he. at 4° I thinkalot
of trouble has heen caused by workers who, in simular experiments, did
not differentiate between plasma and serum. 1t is known that proteo-
Iytic enzymes are present in serum, and, under the same experimental

di one may tt get rapid 3 tHon in serum, but not

in plasma.

Harris Prof, Hefler, what do you consider are the most promising
assay methods for oxytocn?

Heller: The superfused rat uterns seems to be the most sensitive organ
for assay. Ve have, as you know, a good aiternative method st our
disposal, namely that of estimating the effect of oxytocin n the Jac-
tating rabbit,

Harnis: The lactating mammary gland of the rabbit 1s sensitive to
about 0 1 meu I was Just wondening what sort of a sensitwvity you can
get with the uterus?

Heller: It 1s guite as good as that, the superfused uterus responds to
25-50 pu. It 15 more sensiive to oxytocin than a uterus in an organ
bath, However, it scems to us that here as weil as wx the assay of the
antidwretic hormone, we are now at the end of our tether so far a8
the sensitivity of the assays is concerned. The next step consists, I
think, w extracting the hormones from the blood and in sssaywmg
concentrates.,

That seems to work; we get reasonably satisfactory resuits both with
the autidiuretic and the oxytocic hormone when we extract sth scid
ethanol. The recoveries are about 75-80 per cent,

Parles: Prof. Heller, you showed a couple of diagrams indicating
varfation m the pressor and oxytome content of the priuitary during
the dioestrus cycle of the rat, which I think you related to the changes
that are known to occur duning the cycle in the water-content of the
animals, What s at the back of all this? Do these changes during the
vestrus cycle have some sigmlicance, or are they just fortuttous?

Hellers Whether changes in water metabolism come first and affect
the posterior pifuitary, or whether it is the other way round, is as yet
difficult to say, More work ou this problem is needed. ¥owever, there
appeat to be, as you poulted out, not only changes in the release of the
antidigretic-pressor principle, but also changes n the release of the
o ic hormone., Thiz makes the mnterpretation of our results even
more complicated.

Sonenberg: Prof, Heller, do you conclude from your earlier experi-
ments with dialysis that the ADH 55 bound to proteins?

Hetler: T hesitate to draw any conclusions, becanse this work s not
complete, Similar methods to ours have been used 1o investigate other
hormones, for example quite recently by Daughaday (1956, J. clfn.
Invest., 35, 1428) who concluded that cortisone is partially bound by
plasma protesn If one accepts this type of evidence, tbcq our result
would also suggest that the nenrophysial hormenes are partiaily hound
by plasma, But I think that more work must be done to make this

canclusion quite convancing.



SOME GENERAL PRINCIPLES IN THE BIOASSAY

OF ANTERIOR PITUITARY AND PLACENTAL HOR-

MONES IN BLOOD WITH SPECIAL REFERENCE
TO CLINICAL PROBLEMS

J. A, LorAINE
Clinical Endumnulog 'y Research Unat (Medical Research Council),
Unersity of Edinburgh

Ix this paper two mamn topies will be considered. The first
concerns some of the methodological problems involved in the
quantitative determination of certam of the anterior pituitary
and placental hormones 1n blood, while the second deals with
the blood ation of these I in normal and
pathological conditions in man.

It can be defimitely stated that the diagnostic value to the
clinician of estimations of pitwitary and placental hormones in
blood is entirely dependent on the reliability of the assay
method employed. Accordingly, although this conference is
not primanly concerned with methodological problems, I feel
1t would be appropriate 1if, before dealing with clinical appli-
cations, I outline very briefly some of the difficulties encoun-
tered in the assay of these hormones in blood I shall illustrate
my remarks by referring mainly to three hormones. Two of
these are elaborated by the anterior pituitary and are the

ticotrophic h (ACTH) and the growth
hormone; the other, human chortonic gonadotrophin (HCG),
1s secreted by the chorionic tissue of the placenta.

Difficulties in the Bioassay of Pituitary and
Placental Hormones in Human Blood
These fall 1nto five main groups:
1. Problems of sensitivity.
2. Problems of specificity.
8. Problems of precision.
19
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mechanism for sperm ascent. It is a very interesting point because one
B ERrthaae - e SN -.

Harris: T believe Dr. Barry Cross in Cambridgeé is interested in that
very problem, and was a short time ago studying the effect of oxytocin
on motility of the testis. What his results were I do not know.

Por eave e - G, A
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For the assay of growth hormone in blood the most sensitive
test at present available is the so-called *“tibial test” which
d ds on the enl of the proximal epiphyseal
cartllage of the tibia in hypophyscctomized rats. According
to Li (1953) this test is not as specific as was once supposed.
This worker found that thyroid hormone, TSH and ACTH
sere all capable of interfering with the response and suggested
that, ideally, assays should be conducted i animals which
had been subjected to hypophysectomy, adrenalectomy and
thyroidectomy.

Problems of Precision

In Table I the precision of some of the assay methods for
ACTH is compared in terms of Gaddum’s A. It will be noted

Table L
PRECISION OF SOME ASSAY METHODS FOR ACTH
Indez of
Method Amimal precision Refetence
(&)
Sayers test Hypqphysecto- 0 176 | Sayers, Sayers and
ized Woodbury (1948)

Sayers test }Iypophysecto— 0 499 | Greenspan ef al.

mized (1950}
Sayers test Hypophyseeto- | 6 220 | Taylor, Lotame and

mized rat Robertson {1953)
Sayers test DCA-treated 0 463 | Buttle and Hodges

rat ( 953)
Adrenal maintenance Hypophysecto- 0 376 mpson, Evans
test mized rat nnd L (1943)
‘Thymus weight test Intact rat 0 316 | Druce, Parkes and

Perry (1952)
f:osmaphll depression | Intact mouse 0-330 | Speirs (1933)
est

Corticosteroid produc- | In nire assay © 150 | Saffran and Schally
tion test. 1955)

that the preewsion of the Sayers test has varied greatly in the
hands of different mvestigators. Sayers, Sayers and Woodbury
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4. Problems in relation to existing international standard
preparations.

4. Problems associated with the injection of serum or
plasma into the test animals,

Problems of Sensitivity

One of the chicf diffieulties in the estimation of ACTIE and
growth hormone in blood arises from the fact that available
assay methods are not sufliciently sensitive to detect the very
small quantitics of these hormenes present in uncxtracted
serum or plasma. Aceordingly, it has been found necessary
to concentrate the blood prior to bionssny, In the ease of
ACTH the most reliable extraction method is probably that
depending on oxycellulose adsorption; this procedure has
been successfully used by Sayers and his co-workers (Sydnor
and Sayecrs, 1952; Sydnor ef al., 19534, b). As regards growth
hormone, Gemzell, lcijkenskjold and Strém (1955) have
shown that active extracts can be prepared when the blood is
€0 ated by thic teehnique of Cohin and co-workers (1046).
This method depends on fractional aleohol precipitation at
low temperatures combined with pII adjustment. It should
be cmphasized that such extraction methods are usually
Iaborious and tedious and that considerable Joss of activity
may oecur during their performance.

Sensitivity problems de not arise in the ease of 1CG. This
hormone is present 1 blood in relatively high concentrations
and unextracted serum or plasma can generally be injeeted
into the test antmals,

Problems of Specificity

For assays of ACT1I in blood the Sayers test, due to its high
degree of sensitivity, has been the method of chaice, This
technique was originally deseribed by Sayers, Sayers and
Woodbury (1918) and depends on the ability of preparations
containing ACTII to causc a depletion in ndrenal ascorbie neid
in hypcpl\yscclomizcd rats. This assay mcth_od. is generally
believed to be satisfactory on grounds of specifieity.
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For the assay of growth hormone in blood the most sensitive
test at present available is the so-called *tibial test” which
depends on the enlargement of the proximal epiphyseal
cartilage of the tibia in hypophyscctomized rats. According
to Li (1958) this test is not as specific as was once supposed.
This worker found that thyroid hormone, TSH and ACTH
were all capable of interfering with the response and suggested
that, ideally, assays should be conducted in animals which
had been subjected to hypophysectomy, adrenalectomy and
thyroidectomy.

Problems of Precision

In Table I the precision of some of the assay methods for
ACTH 1s compared 1n terms of Gaddum’s A. It will be noted

‘Table I
PRECISION OF SOME ASSAY METHODS For ACTH
Indez of
Method Animal precision Reference
&)
Sayers test Hypophysecta- 0 176 | Sayers, Sayers and
“oodbury (1948)
Sayers test, Hypophysecto- | 0 499 | Greenspan ef al.
mized rat (1950)
Sayers test Hypophysecto- | © 220 | Taylor, Loraine and
mized rat Robertson (1953)
Sayers test DCA-treated 0 463 | Buttle and Hodges
rat 1953)
Adrenal maitenance | Hypophysecto- | 0 876 | Simpson, Evans
test nzed rat and La (1943)
Thymus weight test Intact rat © 316 | Bruce, Parkex and
Perry (1952)
Eosmophu depression | Intact mouse 0330 | Speirs (1953)
Comcﬂﬂerold produe- { In titro assay 0 150 | Saffran and Schally
tion te: n fats (1955)

that the precision of the Sayers test has varned greatly in the
hands of different investigators. Sayers, Sayers and Woodbury
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{1948) found that the index of precision was generally
below 0-2 and concluded that the assay was sufficiently
accurate for quantitative work; other investigators, including
Greenspan and collaborators (1950) and Buttle and Hodges
(1953), have failed to obtam such a high degree of precision
and were unable to use the method on a guantitative basis.
Morris (1951) has wisely emphasized the importance of the
strain of rat in the performance of the Sayers test. Some
strains appear to be quite unsuitable due to such factors as
insensittvity and great variability of response from one animal
to another. Table I also shows that assay methods such as
those depending on adrenal weight maimntenance in rats,
thymus weight in rats and eosinophil depression in mice have
a relatively low degree of precision and are not suitable for the
quantitative determination of ACTH in body fluids.

In Table IT is shown the precision of some assay methods for
growth hormone. Of the methods listed only the tibial test

‘Table II
PRECISION OF SOME ASSAY METHODS FOR GROWTH HORMONE

Index of
Method precision Reference
Y]

Plateaued rat weaght test | 0 198 | Marx, Simpson and Evans (1842)
Hypophyseetomuzed rat | 0 265 | Marx, Simpson and Evans (1942)
weight test

Dwarf mice weight test 0 870 Fenss-Bech (1947)
Tail length test in hypo- 0-532 | Fonss-Bech {1947)
physectomized rats

Tibial test 1n hypophy- 0 310 Greenspan et al, (1949)
sectomized rats 0 310 | Gemzell and Hejkenskold (1957)

is sufficiently sensitive to detect the presence of growth-
promoting activity in blood. It will be noted that this tech-
nique has a relatively large error and 1s probably not very
well adapted to quantitative studies. .
The precision of some assay methods for HCG is shown in
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Table IIT. It will be noted that a reasonable degree of preci-
sion can be expected with assay methods depending on the

Table IIL
PRECISION OF 50ME ASSAY METHODS FOR HCG
Index of
Method precision Reference
Y]
Ovanan weight (rat) 0 230 (Ihé:;.;);lu:y and Lorame
it

Ovanan hyperaemsa (rat) 0 450 Albert and Berkson (1951)
Expulsion of spermatozoa 0 120~ | Wohlzogen (1953)
(toad) 0 176
Utenne weight (rat) 0 329 Dorfman and Rubin (1947)
Vaginal smears (rat) 0 276 Laraine (19350a)
Total prostatic weight (rat) 0130 Loramne (1950a)
Semunal vesicle weight (rat) 0 200 Watts and Adarr (1943)
Total accessory reproductive [  0:105 Diczfalusy (1954)
organs (rat)
larg of the y reproductive organs n intact

immature male rats and on the expulsion of spermatozoa in
amphibia.

Problems in Relation to Existing International
Standards

At the present time international standard preparations are
available for HCG and for ACTH but not for growth hormone,
The international standard for HCG was prepared from
pregnancy urine, while that for ACTH was derived from
porcine pituitary tissue.

It has been generally assumed that extracts prepared from
human blood ¢an be conveniently assayed in terms of standard
material prepared from sources other than blood, However,

recent work has ind: d that this ption is not neces-
sanly correct. For example, Diczfalusy and Loraine (1855)
found that under certamn es serum les of

HCG could not be assayed agamst the standard, while a
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similar conclusion was reached by Parrott (1955) in the case
of ACTH. Difficulties of a similar nature will almost certainly
arise when blood extracts containing thyrotrophic or growths
promoting activity are assayed against the corresponding
standards prepared from anterior pituitary tissue. Accord-
ingly, 1t is essential for investigators to determine by
statistical methods whether a given assay procedure which
they propose to use for estimations in blood satisfies the
recognized eriteria of validity. If it does not, it should not be
employed in clinical studies.

Problems Associated with the Injection of Serum or
Plasma into Test Animals

This section deals entirely with HCG. Many investigators
throughout the years have estimated the serum concentration
of this hormone 1n normal and abnormal pregnancy, and in the
course of these studies a large ber of different bi ¥
techniques have been employed. Recently it has become
apparent that in such estimations on unextracted serum the
end-point of the test must be sclected with care in order to
obtamm valid results. This information has been obtained by
comparing the potency of HCG dissolved in saline with that
of HCG dissolved in serum and plasma. By making such a
comparison it is possible to divide assay methods for the
hormone into three groups.

(@) Tests in which the figure of 100 per cent is within the fiducial
range. This group includes methods depending on the enlarge-
ment of the various accessory reproductive organs in intact
and hypophysectormized immature male rats. Such tests pro-
vide a trueestimate of potency and can be used with confidence
for the quantitative determination of HCG in human serurn.

(b) Tests in which the figure of 100 per cent is without the
Sfiducial range. Among such tests are those depending on
uterine weight in mtact immature rats and on expulsion of
spermatozoa in amphibia. These methods provide either an
overestimate or an underestimate of the true potency and are
unsuitable for use in the clinical field.
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(c) Tests in which the fiducial range is dependent on the
concentration of serum injected. The concentration of the serum
is of importance when the ovarian hyperaemia test in rats is
used. This method yields vald results only if the serum is
diluted prior to injection (Albert and Berkson, 1951; Borth,
Lunenfeld and de Watteville, 1957).

Some of the results obtained with the various assay methods
are shown in Table IV.

Table IV

COMPARISON OF THE POTENCY OF HICG DISSOLVED IN SALINE WITH TIAT OF
TICG DISSOLVED IN SERUM OR PLASMA USING VARIOUS ASSAY MCTHODS* (AFTER
Borts, LUNENFELD AND DE WATTEVILLE, 1957}

Fiducial
Conc of | Mean

Method serum S| potency '"(,}’” Reference
v ratio 9 (P=3 95)

Total prostatic 100 106 84-182 { Diczfalusy and
weight {intact rats) Lorane (1055)
Seminal vesicle 100 114 80-199 | Diczfalusy and
weight (intact rats) Lorane (1055)
Ventral prostatic 100 nur 75-192 | Diczfalusy and
weight (hypophy- Lorane (1055)
sectomized rats)
Uterine weight 100 190 160-230 | Diczfalusy and
(intact rats) Lorame (1955)
Expulsion of 50 30 10-60
spermatozoa (Rana 100 20 7-30 Salvatierra and
esculenta) Torres (1932)
Expulsion of 100 170 150-190 | Lunenfeld et al
spermatozea (Bufo (1957)
iridis)
Ovanan hyperaemia 10 100 Not stated
(ntact rats) 25-100 | Decreasing | Not stated | Albert and
0 30% as Berkson (1951)
serum conc.
mereased
35 20 60-100
70 100 90-110 | Borth, Lunen-
100 0 50-00 | feld and de
Watteville
{1957)

 Tho patency of HCG in 0 § per cent saline i assumed to be 100 per cent.
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The Clinical Application of Assays of ACTH
in Blood
Normal Subjects

In most determinations conducted on human blood the
relatively sensitive Sayers test has been the bioassay method
of choice. There has been considerable disagreement among
various investigators regarding the normal levels of blood
ACTH in man. The available evidence has recently been
critically examined by Sayers (1955) and the present account
is based largely on his conclusions,

The most careful and detailed studies on the ACTH content
of normal blood have been made by workers at the Mayo
Clinic and at Cleveland under the leadership of Albert and
Sayers respectively. In 1949 Taylor, Albert and Sprague,
using unextracted serum, were unable to demonstrate cortico-
trophie activity in the blood of normal individuals, Subse-
quently Paris and co-workers (1954) extended these observa~
tions by employing the oxycellulose extraction method and
found that no significant depletion in adrenal ascorbic acid
occurred when concentrates equivalent to 40 ml. whole blood
were administered to hypophysectomized rats, Sydnor and
co-workers (1958b) and Paris and co-workers (1954) have

luded that the ation of ACTH in the blood of
normal subjects is very low indeed, being usually less than
05 mu./100 ml. whole bleod (mu, = millinmts).

These results are in marked contrast to those reported by
Bornstein and his co-workers (Bornstein and Trewhella,
1950; Parrott, 1951; Bornstein, Gray and Parrott, 1952} whe
claimed that ACTH was present in normal blood in the very
high concentration of 30 to 200 ‘mu./}oo x_n!. These inve'sti;

high blood levets ot Avili W lbinai suljils buvum we
viewed with scepticism. It is almost certain that, if the
Blood concentration of ACTH were in the range reported by

- 2
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Bornstein and his co-workers, such levels would be associated
with the clinical features of adrenocortical hyperfunction.

Pathological Conditions

(a) Adrenal Hypofunction. All investigators agree that in
cases of untreated Addison’s disease the ACTH titre in blood
is increased. Taylor, Albert and Sprague (1949) were the first
to detect activity in the serum of patients with this disease
and Sayers (1956, personal commumcatmn) has reported

ions of appr 2-4 mu./100 ml. Treatment
of such patients with cortisone causes a decrease 1n blood
ACTH levels and soon after the onset of such therapy activity
can no longer be detected in peripheral blood.

According to Sayers (1955) the blood ACTH concentration
rises after hilateral adrenalectomy. Further observations in
patients treated in this way will be awaited with interest.

(b) Adrenal Hyperfunction. Sydnor and co-workers (1958a)
found abnormally high titres in cases of congenital adrenal
hyperplasia, but Taylor, Albert and Sprague (1949) were
unable to detect any activity in serum of patients with
Cushing’s syndrome.

{¢) “Stress” Conditions. Under such circumstances elevated
blood levels of ACTH are by no means invariable. Sayers
(1955) found that the administration of eoncentrates equiva-
lent to 20 to 40 ml. blood obtained from two patients with
miliary tuberculosis did not produce any significant depletion
of adrenal ascorbic acid in hypophysectomized rats. Negative
results were also found in healthy male subjects exposed
to excessive heat and to abnormally low environmiental
temperatures.

It must be emphasized that present methods for the deter-
mination of ACTH in blood are quite unsuitable for routine
use in the clinical field. Such techniques are expensive and
laborious, and frequently large volumes of blood are required
for individual estimations. Nevertheless, in centres in which
facilities are adequate, valuable climesl information ean
sometimes be obtained in selected cases by the assay of this
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hom.mnc. in blood. For further discussion regarding the clinical
application of ACTH assays the reader is referred to a recent
review of the subject {Loraine, 1957).

The Clinical Application of Assays of Growth Hormone
in Blood

Growth hormone has not yet been detected in the blood of
normal individuals, but growth-promoting activity has been
found in the plasma of & small number of patients with gigan-
tism and acromegaly (Kinsell ef al., 1948; Gemzell, Heijken-
skjsid and Strom, 1055). Reeently Gemzell, Heijkenskjold and
Strom (1955), using the tibial test in hypophysectomized
rats, have succeeded in demonstrating the presence of the
hormone in lyophilized plasma from pooled retroplacental
blood and in plasma {rom umbibeal cord blood.

One of the most urgent problems in present day endocrin-
clogy is the development of a reliable assay method for the
quantitative determination of growth hormone in body fluids.
If such a technique were available it would have a wide appli-
cation in clinical research.

‘The Clinical Application of Assays of Serntm HCG

This subject has been recently reviewed (Loraine, 1956,
1957) and will not be considered in detail in the present paper.
Tt should be emphasized that assay results must now be
expressed in terms of the international standard and not in
arbitrary “animal” units.

Normal Subjects

In Fig. 1 are shown the mean urinary and serum levels of
HCG throughout normal preg y. It will be noted that
very large amounts of HCG appear in blood and urine during
the first trimester of normal pregnancy. This constitutes the
so-called “ peak period”. Readings made at this time are very
from one subject to another and may range from

variable
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20,000 to 100,000 i.u. per 24 hours of urine or per litre of
serum. The time at which the HCG levels begin to decrease is
also very variable but usually the peak period has passed by
the 15th weck of pregnancy. In the second and third trime-
sters the figures for both serum and urine are much more
constant than in early pregnancy. Loraine (1930a, 1957)

30000 URINARY HCG
(wr24nm)

SEFRUM HCG
23000 | (W) 1ere)

20000

2 2000

o

v

T 10000
sa00 |

4 B 12 % 20 24 A 1 ¥ 40
WEEK of PREGNANCY

Fic. 1. Mean estimations of unnary and serum HCG throughout normal
pngnancy (aﬂer Loramne, 1957)-
Jethod of assay — prostatic weight m rats,
Tmal number of estimations—urmne 136 : serum 140.)

calculated that at this time they lay in the range 4,000 to
11,000 i.u. (P = 0-99) and suggested that readings consist-
ently outside this range should be regarded as pathological.
Fig. 1 illustrates the very close quantitative relationship
between urine and serum levels of HCG. At the present time
HCG is the only hormone which can be estimated with reason-
able accuracy 1n both blood and urine and of which reliable
calculations can be made of the renal clearance in health and

disease (Gastinenu, Albert and Randall, 1949; Loraine,
19508).
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Pathological Conditions

Abnormally high serum HCG levels have been encounte:
in the majority of cases of hydatidiform mole and of chori
epithelioma of the uterus and of the testis. For further infor
ation on the diagnostic value of HCG readings in these con
tions the reader is referred to articles by Hamburger (19
1946), Twombly (1944) and Hobson (1955).

(a) Pre-eclamptic Tozxaemia. The serum concentration
HCG in toxaemia of pregnancy has been studied by varic
investigators including Smith and Smith (1934, 1948), Tay
and Scadron (1639) and Loraine and Matthew (1950). In
experience of Loraine and Matthew (1850) severe cases
pre-eclamptic toxaemia showed a mean serum HCG cone
tration which was significantly higher than that found
moderate and muld cases. These workers were unable
correlate the ligh HCG readings on the one hand with 2
clinical feature such as the presence of oedema, the deg
of albumnuria and the height of the blood pressure on !
other. They concluded that at the present time rout
assays of serum HCG would not be of much assistance
the clini n the r t of cases of pre-eclamp
toxaema.

(b} Diabetic Pregnancy. The diagnostic and prognos
value of serum HCG determinations has been investigated
White and her collaborators (White, 1952; White and Hu
1948), Keltz, Keaty and Hellbaum (1950) and Loraine &
Matthew (1954). Only in the paper of Loraine and Matth
(1954) were the assay results expressed m terms of the inb
national standard. Loraine and Matthew (1954) demonstrat
that approximately 80 per eent of pregnant diabetic subjet
showed abnormally ligh readings of serum HCG, but we
unable to correlate the HCG levels on the one hand with a
of the medical or obstetrical findings on the other. The
workers concluded that serum HCG estimations in diabel
pregnancy were of little or no value from the prognostic poi
of view.
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Summary

Some of the problems associated with the quantitative deter-
mination of ACTH and growth hormone in blood are discussed.
Difficulties arise because of the lack of methods sufficiently
sensitive to detect the very small quantities of these hormones
present in blood, because of the low degree of precision of some
of the assay methods proposed, and because of the necessity
of estimating blood extracts in terms of standards prepared
from anterior pituitary tissue. In the case of HCG care is
necessary in the selection of an assay method for estimation
in serum in order to avoid erther an overestimate or an under-
estimate of potency.

The diagnostic value of estimations of ACTH, growth
hormone and HCG in blood 1s briefly reviewed. It is empha-
sized that, at present, methods for the determination of
ACTH and growth hormone in blood are quite unsuitable for
Toutine use in the clinical field.
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DISCUSSION

Borths T ehautd 1n 6 n 13 coenll ntann af 1o f—as®s
R B - S

between levels found 1n blood samples, taken st various hours of the
:ame day. Fiducial limits and pooled indices of precision have not yet

usetul to characterize the precision of & certain method as 1t has been
obtained in the hands of a certain investigator. The ) value does not
charactenze the method alone as such, but strains of animals and
Foohmannt mamfmnoan ~mbom amin b

ather methods,
orth: Oh, yes, T agree Obviously such comparisons would not be
possible without a eommon yardstick for the precision, such as A or L.
E100D—2
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Heller: You mentioned the renal clearance of HCG. Did you say that
it was not influenced by pathological conditions?

Loraine: We found that in normal pregnancy the mean renal clear-
ance of HCG wa: than 1:0 ml, inute. Constant ﬁgures for
ot .t N

e ey avere

H e . N . .
. . - Vo
depend to a very large extent on the clinical criteria used in classifying
the toxaemic patients.

Heller; How is it cleared? By what mechanism is it excreted?

Loraine: At present we do not know the mechanism of HCG clearance,
The figures we obtained were relatively low and would be typical of
protein clearance

Randle: Dr. Loraine, have you tried using human growth hormone or
extracts of human pitwitiaries as standards for the assay of growt
hormone activity in human plasma? This may be of importance
becnuseed of the specics differences in growth hormone which have been
reported.

T should like to ask Dr. Lomine what he thinks also of Segalofls
values for the growth hormone activity of normal human plasmd
(Segaloft, A. (1955), In The Hypophyseal Growth Hormone, Nature
and Actions, p. 53. New York: McGraw-Hill), He finds as much
as 30 pg. growth hormone per ml. normal human plasma by the tibia
test, If these values do reflect the growth hormone content of normal
human Plnsmn, then it should be possible to demonstrate an lr:crt““

N . “ .
Proc., 15, 89). -

There is some expenimental evidence to suggest that growth hor
mone in blood may be a different molecule from that which is ext.rncted
from the pitwtary gland. Thus although growth hormone in vite c3n
inhibit the utilization of glucose by muscle, no such action of the hor-
mone has been reliably d in viro in and Park
(1953. J. beol. Chem , 205, 503) have obtained evidence which suggests
that an inhihitor of glucose uptake may appear in the plasma of mats
under the influence of growth hormone and cortisone. This raises
another problem in relation to the assay of growth hormone in blood.

Loraine: These are very interesting questions, Dr. Randle, but 1
doubt very muqh if I can give satisfactory answers to t}:e{n. \)‘e h:n'\:
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that, as in the case of ACTH, care is necessary in the selection of an
assay method to be used m chnical studies. I am afrard I cannot offer
any comment on your question about the effect of growth hormone on
carbohydrate metabolism.

Parles- How long 2 course of injection does the growth hormone assay
involve?

Loraine: The time taken will depend on the method; it is usually a
fairly lengthy proced In assays involving d” rats the
injection period extends over 15 to 20 days. With the hypophysecto-
mized rat weight test the animals are rested for 10 to 12 days post-
operatively, the injection period varies from 10 to 15 days. With the
tibial test in hypophysectomized rats the injection period is only 4 days.

Parkes* Not enough to immumze the animals then?

Loraine: No, I do not think so.

Prunty: One of the problems coming 1nto the question seems to be
what happens to the hormone when you put 1t into the blood? Are its
action and potency modified i any way?

Borth. We have found that in certamn expermments with ACTH if you
add some samples of serum you get quite a significantly different slope
n your assay from just a pure preparation.

EAds - A SAet

N - r T,

ments were done for ACTH, and compansons made between gland
extracts and “pure” solutions. But there still arises the question of
whether the recovery experiments, _vnt_h these different methods of

unless the correctly designed recovery experiments were done.” Could
you give us some details on that?

Loraine. Regarding the question of recovery experiments with the
oxycellulose method, I think that most wnvestigators have obtamned

waficfantamr wiolde T #hanle thot Tae G-

bugh levels which he reported )
Farrell With respect to the recovery experiments, those were done
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in the original work of Sydnor and Sayers (1052 Proc Soc. exp. Bul
BMed., 79, 432). They compared ACTH content, as determined by
direct cross-transfusion of blood, with the oxycellulose techtque and
they checked very nicely.

Loraine: On the question of the extraction of growth hormone from
blood the recoveries reported by Gemzell and his collaborators were
rather low, being of the order of 40-50 per cent. )

Bush: 1 still don’t see that we have any scientific reason explaining
why Bornstein and Trewhella find results of 200-300 mu /100 ml,
whereas the method which I suspect is more correct, the ovycellulose
method, gives results of 0 1 and 0 2; and I don't think one can Just
leave this very large dufference in results lying around unexplained.
One would hke to know the reason, because big rmstakes are sometimes
the way in which sigmificant facts are discovered. .

_Loraine: I think Dr. Sayers has made quite a number )cof com‘;')ans?:‘l:

good method °

Parhes: I don’t quite understand your worry, Bush. .

Bush: 1 feel that in this question of brological assay, if you are going
to take an amimal and do a certain number of standard procedures with
it and you are then going to inject something, there should be an ex
planation found as to why one observer gets a result which is so grossty
different from that of another.

I think it is a messy situation when we have a 200- to 2000-fold
v e b a3 Lol ke 2 Alactea Adforence

Trewhella have never been adequately confirmed

Roberts. Is the situation really so simple? I don’t wish fo cast any
doubt on the results obtained by Dr. Sayers and lus group, partly
because we have obtained similar results under a varety of conditions,
but nonetheless several other laboratories have reported high values
for blood ACTH.

Heller: So far as the posterior pituitary principles are concerned, the
Jower values have, historically speaking, always been the correct ones,
and this may apply to other hormones. One is, I think, a hittle influenced
by that. It does not of course exclude the possiblity that for once the
Iigher values may be the night ones. X

Randle: 1 believe Bornstein and his colleagues did not make 4-point
assays of ACTH actinity in plasma extracts. Four-point assays were
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later reported by Parrott (Parrott, D. M. V. (1935). J. Endocrin., 12,
120) and were for the most part unsatisfactory in that the slopes for
plasma extracts and ACTH were dilferent. If the high values which
have been reported for plasma ACTH actwvity are correct, but do not
reflect the corticotrophin content of plasma, then either plasma contains

which may i the action of corticotrophin with
adrenal ascorbic acid depleting activity. The latter seems unlikely in
view of high specificity of the Sayers test.

Loraine: Dr. Parrott attempted to conduct 4-pomnt assays but many
of these were invalid. There were occasional times when high activity
was found. We have found no real explanation for this,

I believe that most people believe that the Sayers test is reasonably
satisfactory on grounds of specificity. I suppose, however, that this

ion may not be j

activity appears,

Roberts: I mught say that this 13 an important problem night now,
because methods of assay for ACTH other than the Sayers procedure
have been coming into greater and greater populanity. I hope to say
a few words about this to-morrow This same question will come up
then, namely, which assay method, if any, gives the correct values for
blood ACTH.

Loraine: The techmque you will describe is an 1 vitro method?

Roberts: Yes, 1n part. Different results may be obtained by all three
assay procedures, that is, ascorbic acid decline, and 1n titre and 1n vivo
velease of corticosteroids  Which one 18 correct, or whether they are alt
correct under different circumstances, is impossible to decide at this
time.
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It was previously reported (Sonenberg and Money, 1955}
that the preparation of a radiosulphur, 335, labelled pituitary
preparation contaming thyrotrophic activity resulted in the
loss of the normal stimulatory activity without preventing the
Tocalization of 3%S 1n the thyroid. This observation suggested
that the biologieal activity of a trophic factor like TSH might
contain both a localizing and a stimulatory property. If such
were the case, the latter might be lost with retention of the
former. With this as a working hypothesis, derivatives of
TSH preparations were prepared 1n order to determine if non-
stimulatory trophic hormone preparations could be used as
inhibitors of thyrotrophic hormone activity, Of the many
preparations tested only two derivatives, both involving
known substitutions on the amio group, gave promise of
possessing inhibitory activity for exogenous and endogenous
TSH. Earlier publications (Sonenberg and Money, 1956,
1957) reported the results of studies with one such denvative,
acetylated thyrotrophic hormone preparation.

In this paper we shall present (1) the results of experiments
concerned with the possible mechanism of inhibitory action of
derivatives of TSH preparations and (2) further studies with
acetylated TSH preparations as well as other acetylated
substances.
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Methods

Chemieal

The techniques employed for the preparation of derivatives
of thyrotrophic hormone preparations have previously been
reported for the 35§ sulphate ester (Sonenberg and Money,
1955) and for the acetylated derivatives (Sonenberg and
Money, 1957).

Acetylated bovine serum albumin was prepared by a tech-
nique similar to that employed with pituitary preparations.

Biological

For the cvaluation of thyrotrophc and gonadotrophic
stimulatory and inhibitory activity, the techniques employed
1n chicks* were the same as those reported earlier (Sonenberg
and Money, 1957). Control substances were similarly admin-
istered to evaluate thewr effect on thyrotrophic and gonado-
trophic activity. Prior to autopsy all animals were given
0-1 pe 31T subeutaneously. The interval of time 31 was
administered precedmng killing varied depending on the exact
nature of the study being done. These times are indicated be-
low where the individual experiments are discussed. Following
sacnifice, the thyroids of ammals receiving 1311 were processed
as previously deseribed (Sonenberg and Money, 1957).

The data have been evaluated according to the method of
Fisher (1941). In this paper significant observations are
considered those with P values of 0-05 or less.

Results

Influence of carrier on tissue concentration of 35§
following administration of labelled pituitary
preparations
The effect of increasing amounts of carrier TSH on the
concentration of radioactive sulphur in the thyroid, muscle
* We would like to express our appreiation to Mr. Monroe Babeock of the

Babcock Poultry Farm, Inc , Ithaca, New York, for the generous supply of
white Leghorn cockerels used 1n these studies. ¢ PRy
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and blood of chicks at various intervals after the injection of
an 35 ester pituitary preparation is summarized in Table L
The 25S-labelled pituitary preparation used contained 0:1
mg. protein and 100 pc radioactivity, For carrier purposes
1 and 10 mg. unlabelled material were given simultaneously
with the labelled preparation. Injections, after mixing of the
sample, were made as a single intravenous administration
through a wing vein. The animals were sacrificed by decapite-
tion and exsanguination 1-5, 5 and 24 hours later. Representa-
tive tissues were removed, weighed and assayed for radio-
activity. The results in Table I have been expressed as the

‘Table I

EFFECT OF INCREASING AMOUNTS OF CARRIER AP ON 35§ LOCALIZATION WHEN
SIMULTANEOUSLY INJECTED WITH S-LABELLED FITUITARY PREPARATION
(TSH S No. 82)

Tume after c Per cent 318 per g.
58 preparation ‘:"’g”
. Thyrotd Muscle Blood
DR
1.5 01 0 541 0 011 0-073
15 10 0-498 6-016 0 0689
1.5 10 0 Q 300* 0 030 0-089
5 01 0 419 0 014 0 054
5 10 0 480+* 0 018 0-066
5 100 0.228* 0-021 0-080*
24 o1 0 410 0 014 0024
24 10 0 316% 0.010 0 019
24 100 0 202% 0 010 0028

For statistieal evaliation the groups recerving 1 0 mg and 10:0 mg of
carner pituitary preparation (AP) were compared to the group receiving 0 1
mg of protem at the corresponding times,

* — indicates a P value of 0 01 or less,

#9 —indicates a P value between 0 05 acd 0 O1

fraction of the admimstered dose of 35§ per g. tissue. Asmay
be seen in Table I, at the times indicated there was less 58
in the thyroids of animals receiving 10 mg. of the carrier
preparation simultaneously with the 3%S-labelled pituitary
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preparation than in the thyroids of chicks receiving only the
355-labelled pituitary prep ion. At these same times, how-
ever, there was no similar decrease of 2°S in muscle, blood or
many other tissues which were examined but have been omitted
from the Table. At 5 hours there was actually a significant
increase in the concentration of 25§ in blood when the labelled
prep ion was d with 10 mg. of carrier thyro-
trophin preparation.

Frequency of administration of acetylated pituitary pre-
paration and the response to unmodified material
Table IIa shows the effect of unmodified pitwitary prepar-

ation administered daily for 6 days, while the acetylated

material was administered for different periods of time during
this interval. Each animal, however, received the same total
dose of acetylated pituitary preparation regardless of the
number of days the animals were injected. As may be seen
from the data the average thyroid weight for uninjected
chicks was 2-8 mg. The average thyroid weight in chicks
receiving the dified pituitary prer ion was 7-4 mg.
Simultaneous injections of acetylated pituitary preparation for
the first 2 or 4 days and unmodified thyrotrophin for 6 days
gave no significant reductions in the thyroid weights compared
to animals receiving only the unmodified preparation. A signi-
ficant decrease of the thyroid weight from 7-4 mg. to 5-4 mg.
was observed when the acetylated pituitary preparation, as
well as the unmodified pituitary preparation, was given for
6 days. With these injection schedules and dose of pituitary
derivative there was shght but sigmificant mhibition of the
increased 1311 uptake in the thyroid only in the group injected
for 2 days with acetylated pitwitary preparation. There
actually was a significant increase from 24 6 mg. in the testes
weight of the groups treated for 4 days with acetylated thyro-
trophin to 80-2 mg. The results of experiments when the same
total dose of acetylated pituitary preparation was admin-
istered during the last 2, 4 or all 6 days, while the unmodified
pitwtary preparation was given daly for 6 days, are
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Table 1L

EFFECT OF VARYING THE TIME OF MULTIPLE INJUCTIONS OF ACETYLATED
PITUITARY PREPARATION OVLR 6-DAY PERIOD

Chick Thyroid . Testes
Treatment weight | wegnt | 240 | waght
Fa mg. 4 mg.
Subst. Days Subst. Days
IUa.
TIS0 1-2 AP 1-6 60 63 8.3+ | 311
TIS0 1+ AP 1-6 64 76 10 4 30 2%*
TI90 1-6 AP 16 63 5 4% 8.9 268
— — AP 18 59 7 4 10 3* 216
No 1njections 57 28 07 135
Ie:
TI86 56 AP 16 [ 65 116 28 4
TI86 38-6 AP 16 63 67 12:5 30 5%
TI86 16 AP 18 60 5 2% 12 2 20 5*
— — AP 1 64 7 2% 11 5* 25 8
No injections 62 27 11 97

, Unmodified piustary preparation (PD X 6585) wag given dally to e's:'l“
Ry N Pl Sert I S iRl Sl S S A g Ay

preparations. -
For statistieal evaluation the groups recerving the scetylated pituitary
preparations (TI 90 or TI 86) and the unmodified pitwitary preparation (AP}
‘were compared to the group treated with unmodified pifutary preparation
(AP) alone.
* _ indicates & P valus of 0 01 or less,
¢ Zindicates a P Valus hetween 0 03 4nd 0 0L
summatrized in Table IIz. The thyroid weight was 2-7 mg. in
theuninjected animals and 7 -2 mg. in the unmodified pituitary-
treated group. The thyroid weights were slightly but not signi-
ficantly decreased in® the groups receiving the acetylated
thyrotrophin for the last 2 and 4 days and the unmodified
thyrotrophin preparation for 6 days. The thyroid weights
were significantly reduced from 7-2 mg. in the animals in-
jected only with unmodified thyrotrophin to 5-2 mg. in the
animals receiving the unmodified pituitary preparation as well
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as the acetylated pituitary preparation for the entire 6-day
period. With the injection of this acetylated pituitary prepar-
ation (TI 86} and unmodified pituitary preparation there was
no inhibition of increased thyroidal radioiodine concentration
compared to the animals reeciving only the unmodified
preparation, In chicks treated with TI 86 and unmodified
material for 6 days, there was a significant decrease 1n testes
weight which was, however, not statistically significant when
related to body weight. There actually was a shght increase
in testes weight in animals treated with the acetylated
pitwitary preparation (TI 86) and unmodified material for
the last 4 days.

Effect of varying time of administration of acetylated
pitvitary preparation on thyroidal radioiodine
concentration

These experiments were designed to assess the interval of
antagomsm of acetylated TSH preparations for endogenous
thyrotrophin, In order to obtan an increased concentration
of radioactive 10dine 1n the thyroids so that a decrease asso-
ciated with treatment with acetylated pitwitary preparations
would be more apparent, chicks were maintained on a Jow
iodine diet for three days from the first day of life. To deter-
mine the time of maximum concentration of 31 in the thy-
roids, groups of animals were given a tracer dose of 0-1 pc
1311 and were sacrificed at various periods of time from 8 to 24
hours later {Table 1I14). Other ammals received an mjection
of 15 mg. acetylated pituitary preparation at various times
either before or after the radioiodine. All chicks 1n this latter
study (Table IIIs) were sacnificed 24 hours after the tracer
dose of 131,

The groups of chicks that received a tracer dose of radio-
iodine and no acetylated pituitary preparation demonstrated
a maximum thyroid concentration of 21 -7 per cent at 3 hours
with a gradual decrease to 78 per cent at 24 hours (Table
II1a). The animals receiving only the low iodine diet and
sacrificed 24 hours after the *3!I had a thyroid uptake of 7-8
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Table II1
ESFECT OF VARYING THE INTERVAL OF TIME BETWEEN A SINGLE INJECTIOY
(15 MQ,) OF AN ACETYLATED PITUITARY PREPARATION (TI 112) AND A TRACER
DOSE OF RADIOIODINE

IITa Sacrifice time after
tracer dose of W11t % 19| Thyrod
3 21-7%
[ 19-4%
8 193
12 16 0*
15 7
18 10-1
24 78
t These chicka recelved na Acetylated pitnitary preparation
s Hours before or
after AT} 9% 11 Thyrord
—18 17-4%%
~15 17:0%
12 13-6%*
-8 12:7*
—~6 18-5%
— 3 14-5*
+ 3 11-4
+ 8 11
+ 8 8-9
412 98
+15 92
No treatment 78

f radiolodine

e

$ The chicks Were sacrificed 24 haurs after the infection

TFor statistieal evaluation all groups, whether recerving the acetylated pitu-
tary preparation or not, were compared to the group sacnficed at 24 hr.
without treatment.

« —indlcates & P value of 0 03 o less,

¢ Zingicates & P valus between 0 05 4nd 0 01.

per cent (Table IIIs). When a single mnjection of 15 mg.
acetylated pitwmtary preparation was administered 3 to 18
hours prior to the radioiodine the uptake was sigmficantly
increased to a range between 127 and 18-5 per cent. How-
ever, if the same dose of acetylated pituitary preparation was
given 8 to 15 hours after the 1311, less radioactivity was con-
centrated in the thyroid than with prior treatment. As may
be seen from Table IIIn the concentration of thyroidal 131
was slightly increased, but not to a statistically significant
extent, from that found in control animals which had received

no acetylated material.
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Effect of non-pituitary acetylated substances on thyro-
trophic and gonadotrophic activity

In order to ascertain whether the inhibition of thyrotrophic
activity was a property of any acetylated protemn or an acety-
lated amino acid or merely the acetyl group per se, other
acetylated substances were tested 1n a similar manner (Sonen-
berg and Money, 1957) for the posstbility of inhibiting exo-
genous or endogenous thyrotrophic or gonadotrophic activity.

The increase n testes weight, thyroid weight or uptake of
1] induced by a pitwitary preparation with gonadotrophic
and thyrotrophie activity was not altered by the simultaneous
injection of several acetylated substances in molar doses
approximately 100 times greater than the acetylated pituitary
preparation. These included another acetylated proten,
bovine serum albumin (Sencnberg and Money, 1957), as well
as acetic acid alone (Sonenberg and Money, 1957). Inaddition,
neither acetyl-L-tryptophan, acetyl-pr-alamne, acetyl-pr-
valine, acetyl-L-tyrosine, nor acetyl-L-leucine had any effect
on thyrotrophic or gonadotrophic activity. There was no
alteration in testes and thyroid weight or radioiodine uptake
of chicks receiving the acetylated amino acids without the
unmodified pituitary preparation.

Discussion

The speaifiaity of the locahized radioactive sulphur in the
thyrouds of chicks receiving an 35S ester pitwitary preparation
is suggested by the large thyroid/blood ratios of 8 to 20 as
contrasted with ratios of less than 05 for muscle/blood (Table
I). It has previously been demonstrated (Sonenberg and
Money, 1955) that the administration of 23S inorganic sulphate
with an dified pitwitary preg ion failed to lead to sig-
nificant coneentrations of radioactive sulphur in the thyroid.
With this 1n mind, the decrease in localization of radioactive
sulphur in the thyroid as increasing amounts of thyrotrophie
h Pr ions are simul ly ad tered (Table
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I}, suggests that the non-radicactive molecules compete with
the *S-labelled molecules for localization in the thyroid. This
would indicate that there is 2 hmited number of binding sites
in the thyroid, presumably for thyrotrophin, so that one could
conceivably saturate the gland with non-stimulatory but
loeahzing molecules of thyrotrophin (Sonenberg and Money,
1957). This would form the basis for using a non-stimulatory
but localizing derivative of a pitmtary preparation to antag-
onize exogenously ad ed or endog ly produced
trophic hormone.

The speaifiaty of an acetylated thyrotrophic hormone
preparation as an inhibitor of thyrotrophin is supported by
the observations that neither acetylated bhovine serum
albumin nor acetic acid nor acetylated ammo acids have a
sumilar inhibitory effect for thyrotrophin even when admin-
istered in molar ratios 100 times greater than the acetylated
pituitary preparation. (The orgnal pituitary preparation
was d to have a molecular weight of 10,000 despite its
known heterogeneity.)

The data (Table 11 and IIB) suggest that an acetylated
pituitary preparation must be admrmistered daily for 6 days
m order to antagonize partially the thyroid response ta an
unmodified pituitary preparation injected simularly over the
same period of time. As previously reported (Sonenberg and
Money, 1957) approximately 4 to 25 times more of the deriva-
tive than the pitnitary preparation must be admnstered to
offset partially the action of the latter. When the thyro-
trophin was admumstered daily for 6 days, the acetylated
pituitary preparation, in the same total dosage over the first
or last 2 or 4 days, did not significantly modify the thyroid
weight response to thyrotrophin preparations. Although these
dats suggest that the acetylated pituitary preparation must
act over the same period of time as unmodified thyrotrophin
they give no indication how long the effect of any one injection
They #lso mply that the block to thyrotrophic
on is incomplete, for injecting an acetylated
a8 0 an 4 dave in the same total dokaoe

persists,
hormone acti
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as in the 6-day experiment did not significantly reduce the
response to unmodified thyrotrophic hormone.

The maximum concentration of radioiodine in the thyroids
of chicks on an iodine-poor diet occurred at 3 hours. The
results obtained with one injection of the acetylated pituitary
preparation prior or sul to the admimstration of
radioiodine 1 anumals on a low iodine diet are shown in Table
IIIs. Injection of the acetylated pituitary preparation 3 to
18 hours prior to the 1311 resulted in marked elevation in the
thyroidal concentration of 311, If, however, the acetylated
preparation was given 8 to 15 hours after the isotope, the
elevation in 131 concentraton in the thyroid was not as
marked as with prior administration of the derivative, These
data suggest that the derivative has a long latent period of
action in antagomzing endogenous thyrotrophin, as reflected
1n the thyroidal collection of 1311, Whether this same relation-
ship would obtain m chicks on a normal diet 1s not yet estab-
lished. There was a greater concentration when an acetylated
pituttary preparation was admnistered prior to the radio-
iodine rather than afterwards (Table IIIB). This increased
uptake at the time of sacrifice, 24 hours after the admimstra-
tion of radiolod mght rep the stimulatory effect of
unmodsfied thyrotrophin remarmung in the acetylated pituitary
preparation, or an ihibitory effect of the derivative on
endogenous thyrotrophin which prevents the discharge of
already localized radiciodine. Conclusive data are not avail-
able as yet to select between these two alternatives. It would
appear unhkely that any significant unmodified thyrotrophin
remained 1n the acetylated preparation masmuch as doses of
this material up to 100 times the unmodified thyrotrophin
preparation failed to increase thyroid weight or 1311 uptake
when tested over longer periods of time (Sonenberg and
Money, 1957). Actually, there was a decrease in thyroid
weight and thyroidal concentration of radioiodine when large
doses of the acetylated pituitary preparation were injected
chicks. These latter data also make unhkely the possibility
that acetylation destroyed an inhibitor already present n

-~
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the unmodified pituitary preparation thus allowing normal
thyrotrophin to act in a stimulatory fashion. It would appear
then that the acetylated thyrotrophin preparation becanse of
delayed absorption, ineflicient localization at the thyroid or
other reasons, must be given from 8 to 18 hours prior to the ad-
ministration of a tracer dose of radioiodine in order to prevent
the latter from being significantly discharged from the thyroid.

Summary

The administration of an #5S-labelled thyrotrophic hormene
Preparation to chicks has resulted in a significant concentra-
tion of 38 i the thyroid. When large amounts of carrier
thyrotrophin were administered with the 35S-labelled prepar-
ation there was a decreased concentration of 358 in the thyroid.
Acetylated thyrotrophic hormone preparations were able to
inhibit the action of exogenous thyrotrophin when the former
was administered for 6 daily injections, as was the unmodified
thyrotrophin, Other injection schedules were ineffective in
inhibiting thyrotrophin administered exogenously, A single
injeetion of acetylated thyrotrophin was able to prevent the
discharge of localized radioiodine when admimstered from
810 18 hours prior to a tracer dose of 1321, No other acetylated
substance tested had an inhibitory effect on either exogenous
or endogenous thyrotrophin,
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DISCUSSION

Morris: Dr. Sonenberg, what was the potency of your basic TSH
material you started with, approximately?

Sonenberg: Approximately 1 u./mg.

‘We have done i with thy
of different degrees of potency and obtained similar results. The only
modification 1s 1n the reaction conditions, It sometimes was necessary
to scetylate it as long as 4 hours, Sometimes we could accomplish the
same results in 80 minutes.

Morris: But the correlation between the acetylation of the amino
groups and the amount of mhibition would not mean a great deal in
material of this potency.

Not with a h ion like that. After
acetylation there were no amino groups remaining.

Astwood: Have you tried this mhibitor mn patients who have not
recerved any tracer doses? Occasionally, patients given a tracer dose,
according to Werner, will show thyroid inhibition transiently after-
» ”

rds. Hi any PBI values of people not given tracer doses, but
—a N

PN . P

has,

Astwood: T agree; we have not seen such with tracer doses either.
What sort of doses do you use?

Sonenberg: The doses range between 20 and 200 pc depending on
what we do in the expeniment. These were usually of the order of
200 pc.

Querido: Dhd you do any i on the di: rate of
the acetylated thyrotrophin to find out 1f it behaved differently?

Sonenberg: No, we did not.

Bush. Did you do any studies of the localization of the dinitro-
fluorobenzene derivative?

No. The only fon studies we have done have been
with #5.Iabelled preparations At present we are Just checking to see
if we have indeed had an or whether 1t destroyed the bio-
Togical activity.

va-}.hver : Do you think that the 2S-label affected the protein?

Somenberg: Yes. We have said that many times ourselves about the
limitations of using a labelled protem which 1s a dervative as a measure
of the unlabelled proteins; so we have no illusions about that, Just
circumstantially there 1s a lot to suggest that it does behave smilarly.

Putt-Ruvers, With regard to the 3S-label, do you think that 1t changes
the molecule as little as 1*!I-monotodotyrosine changes plasma protems?
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For instance you ean pub so Witle jodine on o plasma protein that
o not alter its functional proups at all. Do you feel that you have do
the same with the #5?

Sonenberg- Not at all. We have altered it to the extent that we ha
destroyed stunulation. I thuink had we checked the electrophoret
mobility we should hove found that we had altered # as well, J
grossly as in terms of solululity we know that we have changed it.
it is & pretty drastic change ¥ should venture to say.

Parkes: You have nat merely re-labeffed the parcef; you have change
the contents as well,

rg: Bat we b [y retamed Bing ns well n s £
as this grossly modified material still seems to foealize and we catn
get anything else to localue to the same extent.

Put-Rivers: My feeling was that the parce! thus altered would &
necessarlly go to the sarne place

Bottari Do you not have any dea about endogenous TSH seeretio
when you have inhabited the thyroid respanse, is there an increase?

Sonenberg® The presumption is that we have snhubited the pituitar
thyrotraphun from acting on the thyroid, mastuch as when we 86
ministered exogenous matemal we blocked 1ts action. 1 would eyper
that in these chicks where there 1s very hitle secretion duning the firs
days of life there is not much change in pituitary funetion. It s mostt
 blocking of the action focalfy. We have not measured the pitudtar:
content of TSH.

Bottart You don’t thunk there 1s an tcrease in TSIL?

Sonenberg You mean after the effect on thyroad? Well, of our presen’
concept of this 1s true, then subsequently there would be an merease 1
the secretion by the atuttary. On this eccason for instance, if th
decrease n PBE wos of sulficiently long standing I would expect tha
there mught be an morease in TSH. We have no toformation 2bod
that,

Pitt-Revers: Have you tried this protem sn s thyrotoxic patient?

Sonenberg We dids we just gave one angection und it sctually pre:
vented the discharge of lucalized 121, but the patient developed fever
50 we discontinued the experment So there 18 nothimg conclusive
whout it.

Put-Rivers You duin't do sn uptake at the same time?

Sonenterg: No, we did not; we just measured the discharge of ho?-
monal 10dime in that patient,

Ingbar* One thing that nterested me was in relation to the relative
propertion of TSH which muy be metabolized n the thyrod  One
would, I think, of secesaity draw the concluston, frops what yaussy. that
that proportion of TSH which is metabohard extra-the 9%
nt all influenced by the sulphate Jabed T-» ,

Sonenberg: T dow't ¥em N

o3

matier «
.

Y . N

in1
<
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Ingbar: When it was diluted with carrier?

Sonenberg: Yes. This suggests that a smaller proportion of the labelled
material was metabolized extra-thyroidally when it was diluted with
carrier.

Parhes: The gonadotrophin effect was not apparently altered in these
expenments?

Sonenberg: We were able to destroy the stimulatory activities after
acetylation for various periods of time In one case I showed 1t went
down progressively after & hours, and 1f we went on for 12 hours we
could destroy it completely. But at no time did we ever produce a
preparation which could inhibit the gonadotrophic stimulatory response.



THE CONCENTRATION OF THYROTROPHIC
HORMONE IN THE BLOOD OF THE:
RABBIT UNDER DIFFERENT
EXPERIMENTAL CONDITIONS
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Insttut Solvay de Physilogie, Faculté de Médecine et de Pharmacie, Brussels

ALTHOUGH a reciprocal relationship between the activity of
the thyroid and pituitary glands was suggested many years
ago, and evidence is now accumulating regarding the xdle
played by the hypothalamus in the regulation of thyroid
function, the lack of a method, both sensitive and accurate,
for determining the blood concentration of thyrotrophic
hormone (TSH) has hindered detailed investigations.

In 1851 Nidpee first described hypophysial hypertrophy in
cases of endemic goitre and cretinism, This observation was
followed by further evidence, both morphological and expen-
mental in type, of a pituitary-thyroid relationship. Rogo-
witch (1889) noted typical ustological changes in the pituitary
of thyroidectomized dogs and Simmonds (1914) made the
striking observation that thyroid atrophy accompanies
pituitary necrosis in the human. The existence of a thyrotro-
phic principle 1n pitmtary tissue was first shown by Smith and
Smith (1922), who found that a pituitary extract would
maintain the thyroid gland of the hypophysectomized tadpole.
Similar findings were made by Uhlenhuth and Schwartzbach
(1926, 1927, 1928) on the salamander and larval form of the
Axolotl. Crew and Wiesner (1932) made more detailed studies
of the thyroid-stimulating action of pituitary extracts in
hypophysectomized animals.

The discovery of a thyrotrophuc principle was followed by
many studies devoted to the development of an assay method
for this hormone. In pn‘n?ipfe, two Jdlﬂ‘erent techm’que;

d
evolved, those depending on ges p by an
52
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blood level of thyroid hormone (indirect methods) and those
based on changes produced in the thyrod gland itself (direct
methods). Among the indirect methods, one of the most
interesting is the *stasis tadpole method” developed by
D’Angelo, Gordon and Charipper (1942). Notwithstanding its
great sensitivity, it was criticized by Borell (1945) and Albert
(1949) on the grounds that only direct methods should be used
in a specific assay method. Among the direct methods deve-
loped during the last twenty years, the vanous histological
techniques have been found to be reluble but often not very
sensitive. The hods of Junk and Schoeller (1932)
and Heyl and Laqueur (1935) led to the first definition of a
TSH unit. Histometric methods were later found to improve
the sensitivity of TSH assays, especially those in which guinea
pigs (Adams and Beeman, 1942; Tala, 1945) and chickens
(Rawson and Salter, 1940) were employed. The speaifiaity of
the colloid-droplet method of De Robertis (1941, 1949) and
Dvoskin (1947) was questioned by Dvoskin’s later work
(Dvoskin, 1948). The introduction of radioactive isotopes has
made possible new methods for the direct assay of TSH. In
1939, Hamilton and Soley investigated the use of 1 in
studies of thyroid activity. The longer half-hfe of 311 makes
it the more switable isotope for such purposes, and measure-
ment of the thyroidal uptake of this 1sotope has been em-
ployed by Ghosh, Woodbury and Sayers (1951) 1n the hypo-
physectomized rat and by Henry (1951) in the guinea mg for
assaying TSH. A similar thyroidal uptake technique was used
by Querido, Kassenaar and Lameyer (1953) in mice and by
Overbeek and co-workers (1953) 1n rats after inlibition of
pituitary TSH secretion by 10do-casein feeding 32P uptake
by the thyroid gland, as an index of TSH activity, was used
by Borell and Holmgren (1946), Crooke and Matthews (1953)
and by Lamberg (1953, 1955). The rate of‘release of 131I-
labelled hormone from the thyroid gland of the guinea pig
(Adams and Purves, 1953, 1955) and chicken (Gilhland and
Strudwick, 1958) has been used also as a measure of thyroidal
activation by TSH.
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The limiting factor in applying the assay methods men-
tioned above to the study of the TSH concentration in blood
is the low sensitivity of these methods. In order to increase
the sensitivity an ¢n vitro method has been developed, and
the account which follows is concerned with this technique
{Bottari, 1956a, b). The characteristics of the method and
some results obtained on the TSH concentration in the blood
of rabbits submitted to various procedures which are well
known to affect the rate of TSH secretion, are also deseribed.

TSH assay by a tissue survival method

Technique

The technique in present use is as follows. Male guinea pigs
weighing about 200 g. are used, since such young animals are
known to have a more umform thyroid structure than adults*
The thyroids are dissected under sterile conditions, each lobe
dvided into quarters sliced into small fragments. One thyroid
supplies tissue for a complete assay—four tubes, two quarters
per tube, i.e. two known dilutions and two different dilutions
of the unknown sample. The fragments are tissue cultured for
48 hours at 37° C by means of a roller tube technique (without
coagulum). The culture medium—2 ml. per tube—is com-
posed of Gey’s solution 60 per cent, horse serum 80 per cent
and a selution of antibioties (5 mg. dihydrostreptomyem and
6 mg. potassium pemicillin 1n 10 ml. Gey’s solution) 10 per cent.
The pH of the medium 1s 7-4-7-6 as shown by the presence
of the indiestor phenol red in the medum. After 48 hours
incubatton, the TSI sample to be assayed is introduced in
the incubation medium, dissolved m 0-2 ml. Gey’s solution,
and incubation continued for 2 hours. The medium is then
replaced by an equal volume of fresh medium contaming 1 u¢
131] per ml. and, incubation continued for a further period of
1 hour. After removal of the medium the cultures are washed
twice in 10+0 ml, normal saline, dried on filter paper and

* Recent experiments have shown that o single thyroid gland from o

.week-old calf affords sufficient material for a large number of mmul-
a.;::u:vecultunl and avoids vaniation in the senaitivity to TSH,
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weighed, The radioactivity of the cultures is measured by
means of a well-type scintillation counter after an overnight
digestion in 2N-NaOH. The results are expressed in terms
of counts per minute per milhgram of thyroid tissue. Two
different parameters were used in plotting the log. dose re-
sponse curve, either the T/M ratio (T = counts per minute per
milligram of tissue; M = specific activity of an equivalent
amount of medium), or the specific activity of the thyroid
tissue. The first method proved to be useful in standard-
izing the assay technique with results pooled from different
experiments, since it eliminated errors in the dilution of 111
solutions. The second has been found to be reliable for the
routine four-pomnt assay procedure.

Results

Many experiments have been undertaken to assess the
reliability of the technique described above. Some of these
studies will be briefly summarized.

(a) Radioactive iodine uplake by thyroid tissue cultured for
48 hours. Thyrowd tissue cultured for 48 hours has still &
marked 1311 uptake. The ability of surviving thyroid tissue
to trap iodine was compared with that of other tissues (heart,
liver) cultured for the same period of time in similar con-
ditions  Fig. 1 illustrates the respective uptake of 131 by
thyroid and liver fragments over different periods of time.
While the amount trapped by the thyroid increases from
3880 per cent after 1 hour to 1300 per cent after 4 hours, the
amount present in the liver remains at 40 per cent during the
same period. This last figure 1s probably due to the iodine
diffusion space (figures of 22 per cent for the diaphragm, 27
per cent for the adrenals and 40 per cent for the thyroid have
been obtamed by Halma, 1954).

(B) The culture medium. An absence of horse serum results
in a low uptake of 131 by the thyroid tissue which is in all
probability due to the poor condition of the cultures. Varia-
tions 1n the amount of horse serum between 20 and 40 per
cent seem to make little difference. An excess of peniaillin is
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not harfnful to the cultures though an excess of streptomycin
results in a change in the pH of the medum.

(¢) Concentration of radiviodine. The concentration of radio-
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(T = counts/min.fmg. tissue ; M = S.A. of an equi-
valent amount of medium.,
iodine may be varied between 1-12 pc/ml. without influencing
the T/M ratio.
(d) Temperature of incubation. As may be seen from Fig. 1
the temperature of incubation markedly affects the uptake of
radioiodine by the thyroid tissue. As might be expected, the

Q,, is about 2. L
(e) The effect of TSH on 1311 uplake by thyroid tissue cultures.
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Under standard conditions of culture the uptake of radio-
jodine by the thyroid tissue was found to be increased by
the previous administration of TSH to the culture medium.
With increasing amounts of TSH the rate of uptake increases
till in all cases a maximum content of radioiodine 1s resched.
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The time of maximum uptake oceurs at different time inter-
vals after different doses of TSH. The rate of uptake of 1331
and the subsequent rate of release of radioactive hormone from
the gland tissue into the culture medium (as shown by butanol
extraction from the medium) also vary with the TSH concen-
tration previously applied to the tissue (Fig. 2). The log.
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dose-response curve (*S] uptake at 1 hour period) has been
found to !Jc a straight line for doses varying from 1 X 16-5to
1 X% 107 iu. TSH. A regresston curve has been ealeulated and

M

Ye3184 07X

3 1 i I 1 I
-5 -4 -3 -2 -1 DOSE
log

Fic. 8, Regression curve calculated from the T/M ratio
after 60 runutes contact with M after previous 2 hours
with fs of TSH.

found to satisfly the equation ¥ =3.18 4-0-7.X. Analysis
of variance shows that P <0001 for lincar regression and
P> 0-05 for deviation from the regression curve. There is
then a highly significant regression coeflicient relating response

to dose (Fig. 8)-
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Discussion

The use of different units and of different standard prepara-
tions of TSH, by various workers, makes it difficult to compare
results given in the iterature. However, following the figures
given by Overbeek and eollaborators (1953) a rough compar-
ison may be drawn in terms of USP standard.

Figs Prov.
Author USP Stand Method
Bottari 0-05 1311 uptake—tissue sur-

vival method
De Robertis (1941, 1938)  0-1 Colloid droplets—guinea

g
D'Angelo and Gordon 05 Metamorphosis — tad-

(1950) pole

Adams and Purves 2-0 PBI release—guinea pig
(1955)

Rawson and Salter 10-0 Histological—chickens
(1910)

Ghosh ef al. (1951) 10-0 131] uptake—hypophy-

sectomized rats
Borell and Holmgren 10-0 3P uptake—guinea pigs
(1916}
Overbeek et al. (1953) 10-0 1] uptake—pituitary
inhibited rats

Smelser {1937) 50-0 Weight of thyroids—
chickens
Heyl and Laqueur (1935) 100-0 Histological—guinea
pigs
Henry (1951) 100:0 131] uptake—gmnea pigs
Rowlands and Parkes 10000 Weight of thyrod—
(1934) guinea pigs

In reviewing methods of TSH assay Albert (1949) has Iaid
down various criteria which should be satisfied:

Specificity—i.e. a direct method.

Objectivity—reproducible in different laboratories.

Accuracy.
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Convenience—the complete assay should be performed in a
few hours, or at least in one day.

Sensitivity.

Most of these are fulfilled by the present method. Regarding
convenience, once the cultures have been started the whole
assay procedure only takes a few hours. Moreover, very small
amounts of the sample are necessary to perform the assay,
since 0-2 ml. per tube 1s sufficient for the determination.

The estimation of TSH concentration in the blood
of normal and experimental animals
Technique

Male rabbits were used in the experiments dealing with
exposure to cold, thyroxine and Pitressin injections, and
female rabbits in those concerned with hypophysectomy and
thyroidectomy.

Blood was collected from the marginal vein of the ear either
into a heparinized syringe or heparinized centrifuge tube.
After centrifugation at 8,800 r.p.m. the plasma was kept ina
deep-freezer till utilization for assay,

All the 'FSH values are expressed in terms of international
units,

Hypophysectomy. This operation was performed by the
parapharyngeal route. During the approach to the pituitary
gland a blood sample was cbtained from the sphenoidal
venous sinus in the basisphenoid bone (into which flows venous
blood from the pituitary gland).

Thyroidectomy. This was performed by the classical tech-
nique, with carc toavoid injury of the inferior laryngeal nerves.

Exposure to cold. Animals normally kept at a temperature
of 20° C were exposed for 6 hours to an environmental temper-
ature of 6°to 9°C. Blood samples were collected before the
experiment and after 30, 60, 120, 180 and 860 minutes,
exposure, One animal was transferred from a temperature of
29° to a cold room at 1°C, blood samples being collected at
0, 8, 6 and 24 hours.
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Thyroxine. 1-Thyroxine was injected intraperitoneally in
a dose of either 50 or 100 pg.

Pitressin. This was injected intraperitoneally in a dose of
0-2 u./kg. body wt., and TSH assays made on blood samples
withdrawn during the first 8 hours after injection.

Results

It has been found that the addition of known amounts of
TSH dissolved in 0+2 ml. serum (horse) to the culture exerts an
indistinguishable effect from the addition of the same amount
of TSH in 0-2 ml. Gey’s solution. In order to investigate the
applicability of the method to blood of living animals a study
has been made of the TSH content of rabbits’ blood after
various experimental procedures that are well known to
affect the rate of secretion of TSH.

Hypophysectomy (Table I). Two female rabbits were

Table T
TSH CONCENTRATION IN THE BLOOD DEFORE AND AFTER HYPOPHYSECTOMY,

TSH ;};’:’ level Hours | Systeruc bloodau | Sinus blood L.
0 001 o
24 —
Hypophysectomy > e 01
24 trace —_
0 0-000 -
21 o 002 —
Thyroidectomy 120 [ -
24 0 004 —
120 01 —_
] 0 0004 —_
3 0 00001 —_
Thyroune 3 o 00001 =
Q 0 0005 —_
3 0 00003 il
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hypophysectomized. It is of interest that high amounts of
TSH were found in blood from the sphenoidal sinus as com-
pared with systemic blood. Although the systemic sample was
collected before anaesthesia, while the sphenoidal sinus sample
was collected during the course of the operation, it is pro-
bubl.e that the difference observed is significant since anaes-
thesia and operative trauma probably result in a decreased
seeretion of TSH. Tywenty-four honrs after hypophysectomy
the content of TSH in the blood had fallen to the limit of the
assay method (<< 1 X 1078 i.u, TSH/ml. plasma).

Thyroidectomy (Table I). Two thyroidectomized female
rabbits were studied, Twenty-four hours after operation there
was no change or a shight decrease in the amount of crreulating
TSH, but after 5 days the TSH concentration level in-
creased to more than 1 X 10-! ru./ml. plasma. The slight
decrease observed 24 hours after surgical removal of the
thyroid may be due to the hiberation of high amounts of
thyroxine during the operation or to inhibition of TSH
secretion by the surgieal trauma.

Thyroxine (Table I). The blood concentration of TSH was
investigated 1n 5 rabbits after the intraperttoneal injection
of 100 pg./kg. L-thyroxine, Blood was collected before injec:
tion and 8 hours later. A significant decrease in TSH blood
level was observed.

Ezposure to cold. Nine male rabbits, usually kept in an
environment at 20° C, have been studied during exposure to
an environmental temperature of 6-9° C. All animals showed
an increased blood concentration of TSH (Fig. 4). The con-
centration of TSH, alrcady increased 30 minutes after the
beginning of the exposure, reached a maximum after 3 hours.
By 6 hours a decrease from the maximum value was observed.
One female rabbit was taken from a temperature of 20°C and
placed in an environment at 1° C. This animal showed a
decreased concentration of TSH in the blood, which was
significant after 8 hours. .

Ezp to cold afler injection of thyrorine. Thyroxine, in &
dose of 50 or 100 pg., was injected either just before the expo-
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sure of the animal to cold, or 8 hours prior to the change in
environmental temperature.

(1) The injection of thyroxine immedintely before exposure

TSH
tog O

l coLn

i <20C~6C

<29°C=1'C

to a temperature of 6° C does not prevent the increased blood
concentration of TSH. Neither the latent period of the
Tresponse, nor the speed of the reaction appears to be affected,
but the maximum blood concentration reached 1s slightly
lower than normal (Fig. 5).
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2) A'.s already stated, the injection of either 50 or 100 yg.
_thyroxme/kg. body wt. is followed by a significant decrease
in the concentration of blood TSH. However, exposure to

Iogty
TSH
0

5 3 7 L] 9
o Hours

Fea B TQH anncanteotinn aftan tha svracnn 6 g anld on.

RS SO SN S S S TR
i3

~ — ~ —Inject of y with ex»
. posure ta cold
——Injection of L-thyro‘(x;l‘;. 3 hours before exposure to
cold.

cold 8 hours later nevertheless results in an increased concen-
tration above normal limits, although the rate of increase is
very slow and there is only a tenfold increase after 8 hours
instead of the 500-fold increase observed in non-treated

rabbits.
Pitressin. Determinations of the TSH blood cancentration
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were performed on 7 rabbits after intraperitoneal injection of
Pitressin at a dose level of 0:2 u./kg. body wt. Samples
collected at 1, 2, and 3 hours showed a defimite increase

logDt
T5H

ol

-1t

2t

3 & Paressin

- 1 1 Ly 1 1
0 1 2 3 5

%
Hours
Fio 6. TSH concentration mn the blood after the mjection
of Pitressin m a dose of 0 2 p/kg. body weight,
Dotted hine_TSH concentration 1n the blood during
exposure to & cold environment.

mn crculating TSH, similar to that observed after exposure

to cold. Only 1 ammal out of 7 gave an equivocal response
(Fig. 6).

Discussion

Few quantitative data have been published on the TSH

blood concentration in ammals, and the use of different
BLo0D—3
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standards and umts and of different assay methods makes 1t
difficult to compare the available results.

As far as hypophysectomy 1s concerned, D’Angelo and
Gordon (1950) dad not find any TSH in the blood of hypophy-
sectomized rats, although the normal value for this animal
was found to be 0-06 Junkmann-Schoeller (J.S.) unitsjml
Studies based on 111 uptake by Ghosh, Woodbury and Sayers
(1951) show a 50 per cent decrease 24 hours after hypophy-
scetomy.

The effect of thyroidectomy on the pituitary secretion of
TSH has been inferred from indirect data. Early reports by
Houssay (1932) and Hohlweg and Junkmann (1933) postulated
the absence of increased TSH secretion after thyroidectomy i
contradiction with the findings of Rogowitch (1889), Hof-
mester (1892), Leonhardt (1897), Herning (1908) and Degener
(1918) who found morphological signs of hypophysial hyper-
activity ofter thyroidectomy. Gordon, Goldsmith and
Charipper (1945) published quantitative data showing & high
increase m the TSH concentration in the blood as well as in the
pituitary gland 48 hours after surgical thyroidectomy. In-
crease 1n blood values was also found by Adams and Purves
(1855). It 1s difficult to understand the decrease in blood and
pituitary TSH found by Gordon, Goldsmith and Charipper
(1945) after thiouraeil and sulphadiazine treatment, The
authors postulate an increased metabolism of TSH by the
hyperplastic thyroid. However, methylthiouracil treatment
was followed by an increased concentration of TSH 1n the
blood in the experiments of Adams and Purves (1955), From
the present data it seems that TSH secretion is temporarily
inhibited during the first 24 hours after thyroidectomy but
that after this period high concentration of TSH in the blood
occurs. Brown-Grant, von Euler, Harris and Reichlin (1954)
from a study of the **L-release curve in the rabbit f‘ound that
injection of thyroxine was followed by an inhibition of
thyroid activity, starting about 2 hours after the injection.
Results obtained after thyroxine injection demonstrate a
definite decrease in circulating TSH. There are no quantita-
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tive data on the concentration of TSH in the blood during the
first hours of exposure to cold. Brolin (1946) has shown an
increase in circulating TSH after a prolonged exposure to 2
cold environment, and Stevens and co-workers {1855) have
published figures on the TSH blood concentration after 24
hours’ exposure of guinea pigs. These last authors found a
twofold increase. The experiments of Brown-Grant and co-
workers (1054) demonstrated that an increased thyroid
activity began about 4 hours after cold exposure. Since these
workers produced evidence that the latent period of action
of TSH is 1-2 hours, it might be expected that a maximal
increase in TSH blood concentration would be found between
2 and 3 hours after the beginning of cold exposure. The figures
obtained 1n the present study after 8 hours’ exposure to a
moderate degree of cold show that this is so. The consequent
decrease below the maximum figures found at 6 hours may be
explained by:—

{i) a secondary inhibition due to the wncrease in thyroxine
concentration 1n the bloed at that time, and the stabili-
zation of the TSH secretion rate, or

(if) an increased rate of TSH metabolism by the activated
thyroid gland.

The decrease in TSH blood concentration found after
exposure to severe cold 1s 1n agreement with the findings of
Brown-Grant, Harns and Reichlin (19544, b) in the rabhit and
Brown-Grant (1956) in the rat It is of interest to note that an
increase in TSH blood concentration may be independent of
the thyroxine blood concentration, since thyroxine mnjection
simultaneously with cold exposure does not impair TSH
secretion, and even animals njected 8 hours prior to cold
exposure, in which pltmtary secretion 1s mhibited, stili respond
to cold stimulus with an increase in concentration of TSH in
the blood. These ﬁndmgs mdlcate that at least in the response

PONURUNK £
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definite conclusions from the observation that Pitressin injec-
tion is followed by a definite increase in TSH blood concentra-
tion. However, this fact, together with the observation that
Pitressin also increases 311 uptake by the thyroid (Froja and
Martini, 1953; Dubreuil and Martini, 1956) provides a pro-
mising starting point for further studies,
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DISCUSSION
Loraine, Have you compared the sensitivity and specifictty of your
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Junkmann-Schoeller (J. S.) umits without reference to the TSH pre-
paration used. It is of course often difficult to compare results obtained
with standards of different potency and using different units.

Roberts: There have been several reports now using assay methods
depending upon thyroidal 31T uptake or release which have indicated
that the blood level is somewhat less than 1 mu./ml. in the rat, the
rabbit and the mouse,

Bottari+ For the rabbit the results I got in Brussels are about 0 5
mu. /ml, plasma,

Heller: What dose of Pitressin did you use?

Bottari: 0-2 u./kg.

Heller: Have you vaned the dose? .

Bottars: No. ‘T used that dose to compare the results with the
same dose by Martim

Querido: T wonder whether the precision of the method allows you to
distinguish between doses that differ less than with a factor 10, Your
dose response runs from 1075 to 1071,

. Bottari: The statistical analysts of the method shows that a fourfold

Bottari: No, I have two known samples and one unknown sample
diluted by 10. So I have & curve going hetween two known samgles,
and then I have the same unknown sample with and without dilution.

IDrczfalusy- So it 15 actually a 4-point assay. Diluttonis1 to 10, both
for the standard and unknown.

Bottar:: Yes.

Astwood- 1 should like to know tbout this fi
Are there any follicles left uncut? And does the tissue actually grow
under these conditions?

Bottari: Under these conditions I don't have tissue growth because I
use a 48-hour culture and I don't add any embryo extract to the tissues

since the time of culture is not long enough
Astwood: Most of the tissue is made up of intact follicles? "
Bottari: Yes, well, there are no follicles in the inner part, but the fol-

licles are in the outside part of the tissue.

) Ingbar; Was the two hours’ incubation with TSH chosen for some
) : . two
" ded
. . . ore
- nts
L.
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Piit-Rivers: You show no effect after thyroidectomy at 24 hours and
an effect at 120 hours Have you any points in between?

Boitari: No, I just waited for the animal to recover.

Fogha: Have you any data on dibetic rats?

Bottari: No, we have just studied hypophysectomy, thyroidectomy,
and cold.

Sonenberg' 1 don't know about the effective half-life of hormonal
iodine in rabbit blood. I just wonder if there 1s any information about
the PBI or the blood levels in the thyroidectomized rabbit at 0, 24, and
120 hours, Hoyw rapidly does the PRI decrease after thyroidectomy in
Tabbits? 1am trying to see 1f I can correlate the PBI fall with the TSH
mncrease in blood
L Bottari: 1 have information about TSH levels but not about PBI

evels

Ingbar: Do you have any data on the level of TSH after sustained
exposure to cold?

Bottary+ No, I stop my exposure to cold after 6 l}ours..nnd severe cjold

Parhes: Do you know if you shifted thewr body temperature by that
exposure to environmental cold?

Bottari+ No, I did not take any internal temperatures.

Putt-Rivers> Did the rabbit that was severely chilled look 1117 Was it
any the worse for it?

Bottari- Well, it did not look very pleased!

Pitt-Rivers* But 1t recovered?

Bottari: Yes,

Harris Rabbits don’t show much effect after 24 hours at 1°,

Parhes. Unless 1t is a very sudden change they wouldn’t, because they

PR B Seauiiisl Sany

1l effects,

Pitt-Rivers* Except displeasure!

M, de Escobar. Do you have also any data on the changes of serum
TSH in thyroidectormized animals, who have been on a constant dose of
thyroxine, after exposure to cold?

Bottari: No,

Samuels: Was there any correlation between the activity of the
animals and the course of TSH? Were these ammals constrained, or
were ‘Ehey ?..‘.’le to move around?
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T might mentzon one other method that might be suitsble for blood
meastrements of thyratrophin, It 1s the method of Adams and Purves
essentially, the thyroid is labelled, suppressed with exogenous thyred
and then the blood fon of vity is d, Afteran
int snjection of thy there is a nse in the radioactu ity
of the blood. This 1s & very sensiive method. Dr. Purves tells me thad
smany people, 1n various parts of the world that he has recently wissted,
told hum that they were unable to vepeat this, and the reason he gaie
was that they could mot handle gumes pigs in the expert vay that Dr.
Adams handled them. Indeed Purves says he couldn’t do it himsell
In Adams and Purves directions, the aaunnls were heated, wrapped up,
bled from the cut ear and prepared for injection, and then they sav,
““The gumen pig should be quietly dozing at this stage™. Anybody ehe's
guinea pigs are strugphng and kickang!

Well, what I wanted to say was that Dr. Maxwell McKenzie from
Dundee has been with us this year, and he bay adapted the method to
the mouse. It doesn’t seem to matter whether the mouse is guiet, or not
—the sensitivity of the test adapted to the mouse increases so that the
Timit of detectson 1s about 0 023 mu. Dr. McKenzie hasn't yet detected
thyrotrophin in blood of normal human beings, but apparently it is
readily deteetable in my~oedema.

Quertde Klorw steep 1s the dose-response eurve?

Astwood. It 15 & steep dose-response with o limuted range, which
probably s an advantage.,

Quersdo: You mean a factor of 1 to 10 for the dose?

Astwoad: Not much more than that; I would guess about 1 to 20.

Parkes Isthis some particular variety of mouse?

Astwond. As far as T know 1t 15 yust mice.

Larai;m Do you know if a method of this type works wn rats as well
ns mice’

Astwood: He hasn't used rats The rat is extrnordmaniy msensitine
by other entera,

Boftari. I suppose rats need to be hypophysectomized fixst. .

Harris~ Is the techmquse that you take mice, inject them with radio-

active zodine, block therr pitwtary with exog thy
and then measure the thyrowdal release of hormone usimng the blood
radioactivity?

Astwood- Yes, that 15 8 great deal more sensitne than trying to
measure & change in the neck. A sample of blood 13 taken at zero tint
and agan at the tune of maximal response tro hours Later; the animal
can be used sgam next day when the blood letei has again fallen to
normal, and yet once more on a third day.



GENERAL DISCUSSION
Diczfalusy: D Is asked this ing whether a low concen-
tration of 2 hormone at the site of production would mean a very
rapid discharge, or would mean that the production is indeed very
low. Fig, 1indicates the concentration of human chorionic gonado-
trophin (HCG) per g. (wet weight) hydatidiform mole tissue (closed
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d h production, at least as far as the elaboration of
HCG is concerned.

The other question was this: in the definition of an endocrine
organ we often use the eniterion that if an organ is involved in the
production of a certain hormone one would expect that the concen-
tration of the active substance 15 much higher in the venous blood
leaving the organ than 1n the arterial blood, Thus, Dr. Borell, Dr.
Fernstrom and T have conducted some experiments m cases of sus-
B S R vy SO s P SRSt S Oe

e

taneously, and the concentration of HCG in the venous blood, the
arterial blood and the urine was estimated.
The results are shown 1n Tables T and 1.

Table I
Concentrahion Fiducial limts of error
Case No 1 i, (P=0 93)
Venous 438,000 (342-546)
rtery 457,000 (403-515)
Unine (24-hr.) 113,000 (88-116)

Now we repeated this i another case where there was some doubt
as to whether it was a mole or & normal pregnancy, and the figures
were:

Fable 11
0. 2 Concentration Frducial limts of error
Case No. 2 Tl (P=0 95)
Venous 29,500 (24-36)
Artery 25.500 {22~30)
Urine (24-hr.) 18,000 (15-22)

Loraing: Were these assays conducted by the method depending
on the enlargement of total accessory reproductive organs in intact

mmature rats?
’ Dicafalusy: Yes, and the values were generally around 0°10-0-12,

T S0,
i ZLoraine: Was litter-mate control used?

Dicafulusy: Yes.
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"1
suppose you would not expect to see much difference.
Diczfalusy: 1 agree, 5
.;Ishrgod : The contribution would need to have beclj ’?Ely very lxtgle.

\

wondered whether the destruction of the hormone 1s really as rapd
as it was previously assumed. In the early experiments of Zondek
and a number of other investigators 1t was clumed that if you mject
buman chorionic gonadotrophin you will recover something like 10
per cent.

Samuels: I have some further evidence that the HCG is not rapidly
destroyed. In some exy we have lated the spermatic
vemn of dogs and measured the output of testosterone and andro-
stenedione 1n the blood flowing from the testis, We obtaned low and
wrregular levels in the unstimulated mongrel dogs we get; the condi-
tions under which they have been kept may determine this great
irregularity 1n normal production. But when we made a single in-
Jection of HCG into the vein, within the first half-hour there was a
Sigmficant increase in output; by the second half-hour it reached a
level which was maintained for at least the next 2-5 hours. We then
tried constant infusion to see whether this effect could be obtamned
at a Jower dose of HCG if destruction was offset by admnstration.
‘We found that the increase in_output was delayed until we had
infused between 4-8 1.u., a level that was comparable to the muni-
mally effective single injection. Our conclusion was that we had to
reach a certain amount of HCG m the circulating blood before
re: se was obtained, and this could be achieved by the same

i
Empiluc ‘hormone remains longer 1 the circulation than other types of
vl R
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at least 1n Dr. Loraine’s and in my opinion (Diczfelusy, B, and
Loraine, J. A, (1955). J. clin, Endocrin., 15, 424).

Loraine; When you admuni d@ HCG to preg subjects did
you study 1ts effect on the urinary excretion of oestrogens and
pregnanediol? Was any effect observed?

Diczfalusy: We have not studied pregnanediol; we have studied
oestrogens tn only two cases, and I da not think that the oestrogen
assays showed anything of particular interest,

. Bush. I have just donf a brief caleulation which shows that Dr.

o PR

Dicsfalusy: Yes, if you draw that conclusion, but you swould agree
thzi placenta of the mole tissue 1s, in fact, the site of the produchor;
A S Y HRAE R A . e A

S, 75 1 think Dr. Diczfalusy’s conc} that 1t does not apply
1s not correct because as Dr. Bush pownted out, the addition would
be so small in relatwon to the total that you could not find it in
collections over such short wntervals. The half-life is much longer
here than the half-life of a steroid, which in the case of testosterone
is & matter of a very few minutes,

Pearlman: The contrast m turnover time between HCG and
progesterone, both hormones ansmg from the placenta, is a very

ments are being donated to the total arrculating HUG by the pis-
centa; none the less 1t should be apparent that the placenta Is
producing HCG. . X .

Querido: 1 wonder if Dr. Loraine will agree with me; I have the
feeling that the Cohn fractionation is getting in fashion for other
hormones then TSI, and you mentioned that there may be a fairly
tee lass. Our experience is that 1f you do tius Cohn fractionation

b . ! :
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Fat bt e e Gilant af e nebain faabian T this
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the reason for your loss,

Ry SR .

‘The figures I quoted were from a paper by Gemzell and his colla-
borators 1n Stockholm, If I remember correctly they claimed that
the total yield of the hormone using the Cohn procedure was approxi-
mately 50 per cent. I agree with Prof. Quendo that the Cohn tech-
nique 1s becoming more and more popular for the preparation of
pitwitary hormones from blood. Quite recently Dr. Janet MacArthur
and her associates in Boston have used 1t, apparently with some
success, to extract pitwitary gonadotrophns from human plasma,
Their assay methods depended on the enlargement of the uterus and
ovary in intact female immature rats. The bulk of the activity was
found in fractions I and II.

Quertdo What I mean to say is, whether they are aware of the
fact that you should not hunt after one specific fraction with Cohn’s
fractionation because this may be unsatisfactory.

Loraine: If I remember correctly I think that Dr. Gemzell found
growth-promoting activity manly m fractions IV-1 and IV-4.

Heller: 1 think there 1s an additional side to this. Has it not been
shown—when the protem binding of thyroid hormones was mvesti-
gated—that the binding by and hence the percentual distribution 1n
the varnous plasma fractions depends on the quantity of hormone
present?

Put-Rirers: Yes, but as far as natural hormone 1s concerned, you
get the largest part in the—well actually, as Dr. Ingbar has shown—
Cohn fraction IV-6, most of 1t, and some of it in IV-7 and IV-9.

Ingbar: 1 think we should distingmsh, however, between situations
n which the hormone 1s 1itself a protemn and those in which the
hormone 15 merely transported or bound by proteins.

Roberts: 1 don't agree that the recovery of airculating hormones
by the Cohn f; ion procedure 1s anything less than
100 per cent. In fact under some circumstances more than 100 per
cent of the original plasma activity may be recovered, possibly due
to potentiation of hormonal activity when assocrated with certain
plasma protemns. We have carned out work on the localization of

endogenous TSH and ACTH 1n the vanous plasma protein fractions
of the rat, and 1n both instances we have been able to recover 100
per cent of the hormonal activity present mmtially. Most of the
activity appeared, in both cases, to be associated with the albumin
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fracﬁon.although there was also some localization of TSH n the
B-globulin fraction,

It should be noted, however, that the TSH assays were conducted
on rat serum obtamed from animals with pituitary thyrotrophin-
secreting tumours. The ACTH studies were carried out on plasma
protem fractions of adrenalectomized rats, Thus in neither instance
were “normal” animals employed.

Heller: Did you get any difference in the bindmg by your albumin
fraction and your g-globulin fraction with changes in the concentra-
tions of the hormones?

. Rubm‘t‘g * Yes, Put the interpretation of such observations was com-

N 4 B [ T TR

[P T R W

.
the endogenous,

Heller: That may have made a difference.

o T T 4 bl e aldsn daks vwn hava nayar
Proc. R. Soc. Med., 49, 209), and we even had one serum where we
could extract 1t straight away from the paper where 1t was mamly
Iocated 1n the globulin fraction. In this serum the level was 60 times
normal. and on fractionation 1t did not come out in the albumn
fraction, That holds for endogenous human matenal

Roberts* There may of course be a considerable species difference

as well. There seems to be an indication from other types of work
s we VM man e ALa —demnn anbatn crhinh hinde g

eculations as to why,
spsi,egn: That was exogenous hormone added to the blood, wasn't 1t?
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ded in localizi 1 .
in 2 arculating

They have never
oestrogen in the human

Savard: X I recall, 1t was admimistered just prior to withdrawal of
the blood.

Szego: And could have been extensively metabolized, therefore,
prior to isolation from blood wlich was taken two hours after ad-
ministration of the steroid.

Sonenberg Recently Postel has reported that there is actually an
inhibitory substance using 11 as a measure I think it was in pitu-
itary and in blood as well. I wonder 1f those people who are using
paper electrophoresis the way he did have run inte ths difficulty of
an mhibition of 1] uptake with the method used.

Roberts- Itk * " * o ot
results which -
encountered. * . .
procedure, or of the data for that matter, would always substantiate
such interpretations. However, I believe that in in vuro assays of
blood hormones mn particular, potentiation or inhibition of homo-
logous and heterologous proteins may be of considerable importance,

Morns. X think 1 view of what Dr. Sonenberg said earlter, n-

Wuerido: ‘'ables 1 and L1 indrcate my point about the presence of

Table 1 (Querido)

TSH ACTIVITY IN SERUM PROTEIN FRACTIONS (COUN’S PRLCIPITATION AND
ELECTROPHORESIS)

Post-operative hyperthyrodism (Mes W )
mg proten tn 20 ml.

Fraction Alumin ey By %I TSHpgo*
126

I+ 111 TR 83 126 4T 37104 -

1v-1 54 39 12 12 30i02 —

4 36 54 51 — 1203100 90-130

v 813 83 33 — 37310.3

981 159 222 459
Serum equal quantity 1,101 183 231 498

* U.S.P. standard,
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TSH in cifferent Cohn fractions, Both are cases of post-operatis
hyperthyrowdsm. In the fiest one TSH 1s found in fraction IV-4, i
the second an ¥T 4 X1

Fable H (Quendo)
TSIE ACTIITY IN SERUN PROTDIN FRACYIONS (CUN'S FRECIFITATION ANE

TLECTROPIGRESIN)
Post Jiyperthy rardssm +focat myxoedema (Mr. ¥}

mg. profein i 30 mi,
Fraction Az, § v o TEH ot
n4+HI 8% B0 F47 462 W ILT T HID
-1 7 83 31 B 21402 —
V-4 2% 86 51 -~ 740D -
v 540 27 68— 19502 -

726 192 237 4m
Serurn equal quantaty Y8 218 300 408

* U8 I standard,

Pafi-Rivers, Endogenons hormone?

Querrds, Yes, and you cannot predict where it 1s,

Szego* T should fike to ask Dr. Sonenberg, and perhaps others here,
why they place so mach } upon the g ¢ local
of the hortmone s its target organ, when in reahity it is quite possible
that quahtative assocation with partmu)ar reactive sites, not neces-
sandy reflected as gross may be the key bo under-
standing how these substances act focally, Thus there are many
examples of accumulation m such apparently non-specific loes as the
hiver, in which 1t 1s likely that famly nonspecific processes quite

lated to the true h of actron of the hormone are gong
on, Dr. Sonenberg made quite a pomt abaut the retention of certam
Iocaliing properties m the modified preparations.

Sonenberg> 1 have saxd in the past that I certanly wouldn’t rely
on localization, alone or related to anather tissue or by any other
criterion, as sofe eriterton that a trophic hormone is refated to a target
gland or to g issue. Certamnly ¥ would rely on all the ot her techmgues
“which have been developed, particuladly as to whether an effeet has
‘been mduced, of whether any ehanges either ochermeal ov morpho-
Jogical have been induccd. I would agree with you that there may
well be changes in other tisswes where foealization 18 mimmal. For
instance, 1 some of the ways we have spproached the problem using
radioactsvity to deteet locslization, knowing full well that we have
destroyed the stimulatory property, we found a signsficant localiza-
tion, &s you said, in the hiver, as has Witharas and vther people who
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have tried labelling proteins. But I would not conclude that TSH
aets on the liver until I could see some kind of action.

Szego: To clarify further, what I have referred to perhaps was the
meonsequentiality of quantitative localization as an index of effec-
tiveness. You use that as the prime cniterion of a property of the
onginal hormone that has been retamned in the modified matenal. It
may be quite coincidental,

Sonenberg: It is not concervable to me that the material would not
go there, yet have an effect; it 15 concervable that it could h:n;t: a

" 1

_Szego: T merely meant that perhaps the emphasis that you were

i

agree, N

Sonenberg: T think that we have data in support of your position
with our labelled ACTH preparations, where I think, 1f I remember
the data, that the concentration of radioactivity in the adrenal was
not greater than n blood, or 1t may have been just shghtly greater.
In terms of the total amount administered, the amount which went
t‘o the adrenal was almost nconsequential, yet there was not much

Yo - B S T

property, o matter of what magmtude, may be retained, and yet
the stimulatory activity of the hormone be destroyed.



THYROID HORMONES IN THE BLOOD

RosavniNp Prrr-Rivers
National Institute for Medical Research, Mill Il, London

The Thyroid Hormones

It is now nearly thirty years since Harmgton (1926;
Harington and Barger, 1927) demonstrated that the princpal
hormone of the thyroid, thyroxine, was #-[8:5-diiodo-4-
(8”¢ 5'-diodo-4"-hydroxyphenoxy)phenyllalamne:

1 1
1 L

Harmgton further suggested that thyroxine was formed in
the thyroid by the condensation of two molecules of dnodo-
tyrosine, the only other 1odinated amino acid then known to
ocecur in nature.,

This 1dea was supported by the subsequent isolation
(Harington and Randall, 1931) of diiodotyrosme from the
gland, and by the demonstration (Canzanelli, Harington and
Randall, 1984) of the configurative relationship of thyroxine
with tyrosme. Thyroxine and diiodotyrosine were both
bound in peptide Linkage in the protemn thyroglobulin, and
could only be 1dentified after enzymic or alkahne hydrolysis.

Many years were to pass before the nature of the circulating
thyroid hormone was finally established, Thyroxine itself was
considered, but its long latent period of action, and a dscre-
pancy between its activity and that of whole thyroid substance
cast some doubts on its being the peripheral hormone. Some
workers thought that thyroglobulin might be the circulating
hormane—others favoured a thyroxine polypeptide. In 1939
Trevorrow showed that the endogenous hormone 1n the blood
possessed thyroxine-like properties, and in 1940 Lerman

82
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showed by immunological methods that the hormone in the
blood could not be thyroglobulin. The most convincing
evidence that thyroxine itself was the circulating hormone
came from the work of Taurog and Chaikoff (1948). These
authors found, 1 a number of chemical tests, that the hor-
mone in the blood behaved in o manner 1dentical with synthe-
tic thyroxine.

The use of 21 and ehromatographic analysis opened new
vistas in the thyroid field. In 1948 Fink and Fink showed that
monoiodotyrosine was present 1n the thyroid gland, and two
years later Gross and his colleagues (1950) d ated the
existence of hitherto unknown iodinated compounds in the
thyroids and sera of rats who had received doses of **1I. One
of these unknown compounds was shown by Gross and Pitt-
Rivers {1951) to be present also in the plasma of patients
treated with therapeutic doses of !*!I; this compound was
subsequently 1dentified as 3:5:8’-tniodothyromine (Gross
and Pitt-Rivers, 1952). At the same time, Roche, Lissitzky
and Michel (1952) showed that tniodothyronine was present
in thyroid glands of rats following admunistration of radio-
iodide. Subsequent work has shown that triiodothyronine is
present both in the thyrod and the circulation 1 only small
amounts compared with thyroxine; it has, however, a high
physiological potency, and 1t 1s now generally accepted that
the thyroid has at least two active secretions: thyroxine and
tnmdothymmne The other 1somer of truodothyromne, the
8:8": d and 8:8'-duodothyronine have also been
found in small amounts 1n the thyrowd (Roche, Michel and
Wolf, 1955), but so far only the latter compound has been
demonstrated in blood (Roche, Michel, Nunez and Wolf, 1955),
There 1s at present disagreement about the physiological act-
ivity of 3: 3’-dnodothyronine; it 1s therefore premature to in-
clude it among the thyroid ho: In this ion,
only thyroxine and 8: 5: 8"-triiodothyronine will be considered.

Monoiodotyrosine and dnodotyrosime do not leave the
thyroid gland under normal conditions though they are found
in the blood in certain pathological states; however, both
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compounds are physiologically inert, and their metabolic fate
15 Irrelevant to the present discussion.

Thyroglobulin itself 15 only found in the blood after the
thyroid gland has undersone trew-t -~ ' .
Pefawm - IR .
giv ; . . . ,
the L . . 4

e N

[ .
1 us ukely that thyroglobulin is present in the serum of
patients suffering from Hashimoto’s thyroiditis at some perod
i the course of the disease. Owen and McConahey (1956)
have found a thyroglobulin-like protemn in the sera of these
patients after small doses of 18], The protemn was acid-
soluble and not extractable with butanol, and it was con-
sidered likely to be thyroglobulin, by analogy with the findings
of Robbs, Petermann and Rall (19544, 3). Domach and her
collengues (Roitt ez al,, 1956) have recently demonstrated the
presence of antibodies to human thyroglobulin in the sera of
patients with Hashimoto's disease; positive precipitin reac-
tions were obtamed by adding the sera fo saline extracts of
human thyroid or purified thyroglobulin. These authors
consider that the destruction of the thyrod, typical of this
disease, 1s due ta mteraction of the auto-antibodies with the
thyroglobulin in the gland. The formation of these antibodies
is presumably due to thyroglobulin lenksng out of the gland
in earlier stages of the disease,

Nature of the Thyroxine-Binding Protein in Blood
1t has been known for some time that hormonal iodine in the
blood is loosely bound to protem; it cannot be separated by
dialysis and is co-preciy d by protemn precipitants, Early
attempts to discover the nature of the thyroxine-binding
protein (TBP) by precipitation (Salter, 1949) and in the
efectrophorests apparatus {Sikver and Reiner, 2950) showed
« distribution of 1odine between alpurmn and the a- and -
globulins. More recently, paper electrophotesis has been used
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to investigate this problem. Gordon and colleagues (1952)
examined by this method the plasmas of patients who had
been treated with therapeutic doses of 131I. They found that
the endogenous hormone was transported at pH 8:6 by a
protein with & mobility similar to that of «;-globulin. Syn-
thetic labelled thyroxine added to normal plasma moved to
the same position for the most part, though a small amount
of radioactivity was present i the albumm fraction. Later
work on these lmes (Robbins and Rall, 1952; Deiss, Albright
and Larson, 1932; Horst and Rosler, 1953) has shown that
TBP migrates at pH 8-6 to & position between a,- and
2,-globulins, A similar mobility for TBP 1s also found at
pH 7-6 and 6; at pH 4-5 (Robbins, Petermann and Rall,
1953) 1t behaves electrophoretically like the «,- glycoproteins
of Schmid (1958b) or the M-2 glycoprotems (mucoproteins) of
Mehl, Golden and Winzler (1949). The sedimentation constant
of TBP labelled with 13!-thyroxine 1s 8 5 Svedbergs (Peter-
mann, Robbins and Hamilton, 1954).

The nature of TBP is not yet known; Robbins, Petermann
and Rall (1955) have suggested that 1t rught be a mucopro-
tein, because of 1its electrophotetic mobility at pH 4-5 and
because of the observations of Mustacchs, Petermann and
Rall (1954) that human serum mucoproteins are high in
thyrotoxicosis and low 1n myxoedema. However, no differ-
ence in thyroxine-binding in sera of euthyroid and hyper-
thyroid patients has been found, and Ingbar (personal com-
munication) has observed that human serum mucoproteins
prepared by the method of Mehl, Golden and Winzler (1949)
possess no thyroxine-bmding properties.

Schmid (1953a) has found that his fraction VI of human
plasma, a mixture of a-globulins, possesses the highest iodine—~
nitrogen ratio, as measured by chemical analysis; but Freinkel,
Dowling and Ingbar (1955) have not confirmed this finding
usmg !3L-labelled hormone. They find the greatest enrich-
ment of TBP m the Cohn fraction 1V-6, method 6 (Surgenor
el al , 1949) which represents a different group of proteins.

TBP has a limited capacity to bind thyroxine. This has
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been shown in sera from euthyroid, hyperthyroid and hypo-
thyroid subjects (Horst, 1954; Albright, Larson and Deiss,
1955). Freinkel, Dowling and Ingbar (1955) have found that
increasing amounts of added thyroxine up to 194 pg./100 ml.
displaced the endogenous 13!I-labelled hormone progressively
from TBP to albumin. Robbins and Rall (1955a) have shown
that protein-bound thyroxine rises in a linear manner with
increasing total added thyroxine until the latter reaches a
concentration of about 0-1 gmoles/l. (about 8 ug. %). Further
additions of thyroxine showed a deflection of the curve, which
the authors interpret as a saturation of TBP and a consequent
binding by other protems; they estimate that this saturation
occurs when the thyroxine concentration has reached 2-3
times the normal level.

Tritodothyronine is also protein-bound in the blood though
the attachment is weaker; Deiss, Albright and Larson (1953}
showed that thyroxine could displace triiodothyronine from
TBP in vitro, though the reverse is also true (Robbins and
Rall, 19555) when the concentration of triiodothyronine is
raised to high levels. Dingledine, Pitt-Rivers and Stanbury
(1955) confirmed the protein-binding of triiodothyronine by
plasma in vitro; the major carmier was TBP, but tmiodothy-
ronine was also bound to albumin and other globulin fractions,
even when the concentration was as low as 1-2 pg./100 ml.

The Thyroid Hormone in Pregnancy

The activity of the thyroid gland 1s mcreased during
pregnancy; the gland itself1s often enlarged and its 311 uptake
(Pochin, 1952; Ferrans and Scorta, 1955) is increased. This
increase falls soon after delivery, sometimes to somewhat
below normal values. Man and her colleagues (Heinemann,
Johnson and Man, 1948) have shown that the protein-bound
iodine (PBI) is raised in pregnancy; the rise occurs within the
first month after conception, and thereafter does not alter.
In sers from 29 normal pregnancies, these workers found PBI
values ranging from 6-2-11+2 ¢g./100 ml, compared with the
normal range of 4+0-8-0 :g./100 ml,
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The raised PBI of pregnancy is not associated with an
increased metabolic rate, at least during the first half of
pregnancy: Sandiford and Wheeler (1924) found that the
BMRs of pregnant women remained constant until the 7-8th
month, when a slight rise occurred. After delivery there was
a temporary fall in BMR to below normal levels,

The absence of calorigenic action on the mother of the in-
creased PBI is perhaps rather surprising, and maght lead to
the question: 1s the mcrease in PBI an increase in thyroxine,
or may 1t represent some non-calorigenic substance? This
question has been answered; Danowsk: and co-workers (1950)
have shown that the increased PBI in pregnancy is thyroxine,
according to the methoeds of identification of Taurog and
Chaikoff (1948). Further, Ferraris and Scorta (1953) have
found increased 3-labelled thyroxine in the plasma of
pregnant women after administration of 13!, using chromato-
graphic methods of 1dentification. It seems therefore that in
pregnancy the mother does not utilize the thyroid hormone in
the normal way, or that she 1s in some way protected against
it. Increased thyrod h pp to be ial for
healthy pregnancy, and Hememann, Johnson and Man (1948}
found that in patients who were aborting or threatenmg abor-
tion, PBI levels of only 2-8-5-8 ug./100 ml. were found.

Another mcreased function in plasma of pregnancy 1s its
thyroxine-binding capacity. Dowling, Freinkel and Ingbar
(1956a) have found that increasing additions of thyroxine in
witro to plasma labelled with 131 1-thyroxine revealed a greatly
enhanced binding capacity of TBP; this was especially notice-
able at the higher thyroxine concentrations which reached
280 pg.f100 ml. The rased thyroxine-binding of plasma of
pregnancy persists well into the puerperium. It is also note-
worthy that these authors failed to observe any enhanced
TBP activity in the plasmas of women with a diagnosis of

abortion,

Dowling, Freinkel and Ingbar (1956a) have studied the
possibility that the raised thyroxine-binding power of serum
in pregnancy might result from some compensation for the
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known (Longsworth, Curtis and Pembroke, 1945) lowering
of serum albumin at this time. They added mercaptalbumin
to pregnancy serum ¢n vitro in amounts sufficient to restore the
albumin to normal levels, but found that TBP activity was not
affected. It appears that TBP activity in pregnancy 1s stimu-
lated by some other factor.

An interesting suggestion has been made by Dowling,
Freinkel and Ingbar (19565) of a possible correlation between
raised PBI, raised thyroxine-binding capacity and raised
oestrogen levels in pregnant women’s plasma. It has already
been shown (Engstrom, Markardt and Liebman, 1952) that
administration of 20-100 mg. diethylstilboestrol daly to
normal men and women induced a rise in the PBI; after 3-4
weeks oestrogen administration the PBI values levelled off,
and on stopping treatment they returned to normal values.
Dowhng, Freinkel and Ingbar (1956b) have investigated the
effect of oestrogen on thyroxine-binding of ser dmini
tration of diethylstilboestrol to euthyroid and hypothyroid
subjects mnduced a mse m thyroxine-binding comparable to
that found n pregnancy. This was also found in a case of
panhypopituitarism, but was absent when studied m a thyro-
toxic patient, Withdrawal of the oestrogen was followed by a
return of thyroxime-binding of the plasma to normal values.

In the new-born infant Man and co-workers (1952) have
found that PBI levels are raised. Dowling, Fremkel and
Ingbar (1956a) have found that thyroxine-binding in the blood
of newborn fants is also raised. These facts might indicate a
transfer of thyroid hormone through the placenta. At present
the evidence for placental transfer is meagre and somewhat
contradictory, though Peterson and Young (1952) have pro-
duced satisfactory evidence for it in the guinea prg. Grumbach
and Werner (1956) have done some short term experiments on
the transfer of 131-labelled thyroxine from mother to foetus,
when it was administered at from 10 minutes to 169 hours
before delivery. Some serum-precipitable jodine was found in
the foetal blood, even after the shorter time intervals between
tration of thyroxine and delivery. The authors con-

adminis
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clude that there is only a slow transfer of thyroid hormone
across the placenta, but their experiments do not preclude
the possibility that this transfer may indeed be taking place
throughout pregnancy.
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DISCUSSION

berg: Dr. Pitt-Rivers raised the question about this iodine
lmi‘;;l«:r’ll ] gch is bound to y-globulin; Dr. Brener in our laboratory is a
S Ciaieimed noe whethet thic mav be an artifact ot not, and it
. iteins,

» with

. a2 . = "« ebar-
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may be bound to y-globulin instead of to albumin, rs some of the curves
here demonstrate.

Putt-Rivers: It just seems 1 saturation of thy bind
protein and albumin?

Sonenberg: Yes.

Ingbar: It would be hard to account for that on the basis of barbi-
turates as most of the electrophoresis 1s done n veranal buffer,

Sonenberg: True; T am not sure that it was barbiturates but perhaps
some other drugs patients had received beforehand

Astwood: Is this radioactivity bound to y-globulin seen only when
there is matenal that does not move on a chromatogram? Would not
a thyroglobulin-hke substance migrate with y-globulin upon electro-
phoresis?

4

T .- P - -

sera of these two patients I didn’t get radioactivity at the ongin; it was
not butanol-extractable.

Sonenberg. In observations to which I referred the thyroxine has been
added in turo to the serum of cancer patients, and it seems that on 8

oestrogens observed when ocestriol or oestradiol were used instead of

i Because stil is not the ci hormone.

Putt-Rivers> No. It 15 a synthetic compound.

Ingbar- Those observations are being made.

Heller. Have you any other observations on patients with low plasma
protemn levels or patients with hypoalburmnaema, for instance
nephrotic patients?

Putt-Rivers. The only example I can remember at the moment has
got nothing to do with thyroxme-binding protemn (TBP) but 1t was some
work of Rasmussen, where he recently demonstrated mono- and di-
iodojymsine 1 the urine of nephrotic patients, but I cannot call to
eind e Lo = eammme ek Ao aim = TAe - b0
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associated with a marked hypoalbuminaemsa, excess amounts of thy-
roxine are frequently bound, not in the TBP spot, but shfted defintely
backwards to the a,, and it is my impression that this 1s what Recant
was observing. Now Robbms has also studied this and has definitely
corcluded that there 1s not augmented binding to TBP in process
but rather dimintshed binding, if T can recall correctly, That is the
conclusion we would make on the nephrotic patients we have studied
In addition we have been able to show a distinct amount of TBP m
the urme. If you concentrate the urinary protems you end up with a
mixture of proteins which are at least as potent in binding thyroxine
in the TBP zone a3 1s the patient's own serum.

‘The only other situation that would fit the criteria you mentron, Prof.
Heller, is the patient that we have studied with a hydatidiform mole who

despite the addition of, as I Teeall, 700 of 800 pg per cent thyrosine,
and despite the addition of albumin.

Putt-Rivers: That would be the patient to have for the isolation of
T

BP.
Prunty* Is there any evidence that the albumin fraction m the urne
of these neph d much bound h ?

Ingbar: I don’t think there is any evid ing the bt
of the hormone between urinary proteins. .

Astwood. Has thete been any evidence of an abnormal binding in
hyperthyroidism? Has that been studied?

Ingbar: Yes, by a number of people. Thge;pmblenfl that arises 15 th:t
al P L YA b AT AE e <

..... T o arnasnt

might add ~ ~ . - - -
therapy. & edleieabel Ceoittar avanthat Pe Inehar has
€

n

. h

. e
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Lnyruid Lo the ussue,

Ingbar- That possibility has been igated by these ivel,
crude teclmiqueq, and one cannot detect any abnormality in the
thyroine-binding protein in serum of either treated patients or their
relatives  ITow ever, it is enhrely concenablc that thcre is an nbnor~

Dt P s Ankn

produced, was it?

binding protein 1s only one aspect of an apparent general resistance to
administered hormone

Puit-Rivers And not a peculianty of the transporting protein?

Ingbar. I think not

Migeon. As mentioned by Dr Pitt-Rivers, the thyroxine-binding
capacity of plasma protemn 1s increased during pregnaney. If an athy-
reotic female patient becomes pregnant and f this patient 1s maintained
on a constant dose of thyrord hormone one would probably expect her
protein-bound 10dine to go up, have such observations been reported?

And another point- cliucians who have an athyreotic patient who
becomes pregnant, will usually merease the dose of thyrotd hormone

patients successfully through pregnancy, and what tests to go by m
order to adyust the freatment of the patzent at the optimal level




94 Discussion

the PBL. The real paradox here is that the increase m PBI in the
oestrogen-treated patients is not associated with any inerease in the
uptake of iodine. The question which arises is where this extra circulat-
ing hormone 13 comng from The turnover studies are being dope and

we don’t know as yet what effect have on the
turnover of ¢ one p bility arises in relation to the
frec thyroxme w1thm srn an3 s b B

‘ We have been able to show

racteristics of a thyroxife-
o . . 1t combmes thyroxme in &

loose butanol-dissociable k.
This raises the question as to whether there 1s pot an equilibnum
across the thyroid g]and itself, with competition for thyroxine between
lar thyroglob and cireul TBP, such that aIterat ons in

That 1s purely speculative. '
- - 1t s ysual
3 indt-

viduals?
. ¢~ sy study.

i 'l .tend to

en?

Pztt Rivers: Yes.

Bush: There are quite a number of reactmns of the, hver wnh qullE
lale
ent
mal

men snd women.



IODINE IN BLOOD

E. B. Astwoop, Carr E. Cassipy, M. S, Rapen,
and Sara M, Astwoop

Ziskind Research Labaratories, New England Center Hospital, and the
‘Department of Medicine, Tufts Universily School of Medicine, Boston

MeasureMENT of the small quantities of iodine in the blood
has long been a difficult procedure and until recently reliable
values were avallable only from a few special laboratories
using one or another exacting technique. Most values obtained
prior to 1940 were, according to current estimates, either too
low or much too gh. The great difficulty of digesting the
large amount of orgame matter without loss of 10dine, con-
tamination 1n reagents, and the stringent requirements of an
accurate titration of the micro amounts of jodine contributed
to the trouble. With the introduction of the catalytic method
of determination by Sandell and Kolthoff 1n 1937, an ade-
quately sensitive quantitative method became available to
replace titration. Chaney (1940) incorporated this into his
much-used method, as did others 1n the several minor modifi-
cations thereof. But there still remained the problem of
digestion. The cumbersome wet-nshing methods required
distillation of the 10dine from the large quantity of digestants,
and losses were difficult to avoid. Dry ashing in alkali, though
known to be associated with losses (McClendon, 1939), pro-
vided a practicable method (Barker, Humphrey and Soley,
1951) accurate enough for routine hospital laboratories. The
use of chloric acid for digestion, as in the method of Zak and
co-workers (1952), obviated distillation and the losses attend-
ing alkah fuston,

Analytical Method

Samples of 0-5 ml. serum and of the once-washed 5 per cent
trichloroacetic acid precipitates of serum were digested with
95
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6 ml. chloric acid on a sand bath at 340° in 40 ml. round-
bottom, open-mouthed centrifuge tubes for 2 to 25 hours.
Further chloric seid was added dropwise at intervals during
the last hour of digestion to maintain the chromate catalyst in
the pink, oxidized state. The final 05 ml. residue was diluted
with 10 ml. water and the arsenious acid and cerie sulphate
reagents similar to those specified by Lein and Schwartz (1951)
applied to the colorimetne determination. It was found
convenient for one technician in one day to carry out deter-
minations of total and protein-bound 10dine on 16 seta simul-
taneously, 6 tubes contaming standard iodate and ¢ blank
tubes being included with each lot.

Range of Values
An analysis was made of the distribution of values for the
protein-bound iodine luding all determinati made

n 296
MEAN 69
MEDIAN 62

(532 EXCLUDED)

OETERMINATIONS — %

T 9 L 318 17 19 2019132
3z

PROTEIN-BOUND 10DINE 25 100m
F10.1. Distrtbution of protetn-bound fodine values, grouped in class
intervals of 0 5 pg./100 ml, expressed as percentages of the total
number of determinations carried out over a period of 19 months.

during a Tecent penod of 19 months. The 2916 values were
grouped in intervals of 0-5pg./100 ml. and the number in each
interval expressed as a percentage of the total (Fig. 1). 'The
range extended from 0 to greater than 52 pg. /100 ml. with 2
predominance of the values clustered about the modal vz.xlue
of 5+8. However, no segregation into different populations
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was evident and there was not a great departure from a
normal distribution.

For comparison & similar study was made of g larger series,
made available to us by the Boston Medical Laboratories
{Fig.2). Again there was no division into separate populations
and a normal curve of distribution was even more closely
approximated. The shghtly greater mean and median and the
larger proportion of high values in the Hosmtal series 1s

25

n 8279

';‘ 2 MEAN  $75
4] MEDIAN 560
g 15 H {20 EXCLUDED)
2 I
£
=z
!
« [
5 | i
* | el

Hikil

i

‘WWWVN [ -

o 2 4 6 o 12 1K’ 6 1B 2020
PROTEIN-BOUND IODINE #97/100 m|

Fro. 2 Distbution of protew-bound lodune sssays on sunples of serum
to

Data provided by Messrs. J
nndN Benott, Boston Medu:al Laboratories

L

JLH

probably explaned by the number of cases of hyperthyroidism
included m this population. There were 3 5 per cent of values
greater than 32 pg./100 ml. in the former series and 4+2 per
cent greater than 20 g /100 ml. in the latter. The proportions
above 20 pg./100 ml. 1n the two series were almost 1dentical.
The differences between the total iodine and the protemn-
bound 10dme corresponding to the series of Fig. 1 showed the
distribution of Fig. 3. In nearly one-third of the determina-
tions, non-protein-bound jodine was not detectable and in
87 per cent it was less than 2 pg. per cent. Shightly more than
4 per cent showed values greater than 4ug. per eent and among

these there were many cases that could clearly be attributed
vL00D—4
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to excessive iodine ingestion, Indeed, it was often possible
to incriminate exogenous 10dine whenever the non-protein-
bound 10dine exceeded 2 g./100 ml.

The correlation coefficient between the values for protein-
bound iodine and unbound 10dine was caleulated by the stan-
dard method and found to be -+ 0-03. This was taken to
indicate that an sigmficant proportion of protein-bound

3121'
[
T n 2654

MEAN o7
3 WEDAN 04
{240 Ex

e EXCLUDED}

)

»

S

B

g

z ¥ I

H

g 2

o

I

&8
! -

5

o | 2 3 4 14

NON-PROTEIN—BOUND IODINE  ug/i00mi
Fic. 8. Distribution of values for unbound 1odine corresponding
to the bound 10dine determinations shown in Fig. 1.

jodine found its way into the unbound fraction, and it was
inferred that the quantity of unbound iodine bore no relation
to the quantity of bound iodine of presumed thyroid origin,
and thus that it was not a measure of functional activity of
the thyroid gland.

Hyperthyroidism and Myxoedema .

Evaluation of the usefulness of these determinations in
assessing the status of thyroid function was difficult becnU§e.
during the accumulation of the data, the values for the protein-
bound iodine were taken into account in arriving at a diag-



ToptxE 1Ny BrLoop 99

nosis, To avoid this potent source of error, a large number of
case records were reviewed and only those cases retained
wherein 2 definite diagnosis could be made on the basis of
other criteria. Clear-cut eases of myxoedema and of hyper-
thyroidism were included as were individuals with no suspicion
of thyroid disease. In the important group, doubtful cases,
criteria for classification included studies of radioiodine uptake

o MYXEDEMATOUS 37
N NORMAL "y
@ HYPERTHYROID 126
ToraL 280

CASES-%

t 3 5 7 9 1]
PROTEIN ~BOUND 10DINE xq/100mL.

P Y A

by the thyroid, response of uptake to the administration of
thyrod in a dose of 8 grains daily for three weeks, the response
of uptake to a simgle injection of thyrotrophm, and response
to therapy or the course of the disorder without treatment.
Selected in this way there remained 87 cases of myxoed

and 126 of hyperthyroidism while 117 had no thyroid disorder.
The protein-bound iodme values were grouped in Fig. 4 in
classes of 1+0 ¢g./100 ml, and expressed as percentages of the
total of 280 patients. In the 117 mndividuals judged to have no
thyroid disorder the protein-bound iodine fell between the
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limits of £+0 to 8-0 In {00; it was below 4 in two and above 8
in fiftcen. In only one individual with myxoedema was the
value above 4, and thus discrimination was good if the arbs-
trary value of 4 pg./100 ml. were taken as the lower lmit of
normal. Scparation of cases of hyperthyroidism from the
normal on the basis of the protein-bound iodine values was
not as relinble. Inspection of Fig. 4 suggested that 8 pg./100
ml. (a commonly accepted value) would provide the most
favourable differentiation, but with 18 per cent of the normal
individuals falling above and 8 per cent of hyperthyroid
patients below, it was apparent that the division was not
sharp, A value somewhat i excess of 8-0 pg./100 ml., perhaps
8-5, might provide a better estimate of the upper limit of the
normal range for diagnostic purposes.

Simple Goitre

The cases classified as simple or non-toxic goitre were those
with no chimeal manifestations of hyperthyroidism. In the
one-third of the eases having elevated radioiodine uptakes,
suppression by medication with 8 grains of thyroid daily was

® GOTER ]
% GOITER and
HYPOTHYRGIDISM 7

e u 13 s
PROTEIN-BOUND IODINE  pg/100m!

Fic, 5. Concentrations of protemn-bound jodine In simple
goitre and in goitre 10 association with hypothyroidiuam.
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measured. Three or four instances of a single nodule, not
suppressed by thyroid, were not included; the remainder
showed suppression to below normal values in all instantes.
The distribution of bound iodine 1n the 126 cases (Fig. 5)
showed that 90 per cent fell within the range of 4-8 pg./100
ml. in those judged clinically to be euthyroid, 10 per cent were
above 8 pg./100 ml and three patients had very high values
for which there was no explanation. Of the seven patients
with goitre associated with hypothyroidism, six gave values
below 4 pg./100 ml. Most of the patients with goitre received
thyroid medication for prolonged periods to determine whether
regression could be achieved. While receiving the usual dose
of 3 grains daily the protein-bound 1odine usually fell within
the normal range.

Thyroiditis

The chnical diagnosis of subacute thyroiditis embraced
most diverse clinical pictures, Severity varied from mere
tenderness of a part of the thyroid to the severe condition
associated with fever. Duration and degree of involvement
of the thyroid also varied. Consequently, it is not surprising
that no consistent pattern of the protein-bound iodine or
radioiodine uptake was observed (Table I).

Table I
PROTEIN-BOUND AND TOTAL IODINE TN SUBACUTE THYROIDITIS
These values for the 2¢-hour uptake of radiciodine were sbnormal
1 6 of the § cases

PRI TI 111] upighe
Durato,

" vg % ug% %
Severe 3 weeks 17-0 18 5 1
Mild 2 weeks 11-0 11 8 0
M 3 weeks 90 —_ 33
Mild 1 month 6-7 7-8 0
Mid 6 months 64 —_ 43
Mild 10 months 8-7 8.7 15
Atypical 2 months 85 87 30
Atypical 3 months 1:6 1.8 11
Atypieal 8 months 6.1 71 o

| I
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Hypopituitarism

The patients suflering from hypapituitarism also formed a
non-homogeneous group. Some exhibited the full picture of
Shechan’s syndrome while others with tumours, and especially
those with suprasellar tumours, gove evidence of incomplete
mtuitary failure with deficiency of gonadotrophic and growth
activitics predominating. The values listed in Table II

Table XI
IoDINE VALUES AND RADIOIODINE SYUDITS IN 6 UASES DF RYPOPITUIARISN
ifter
el I wif uptahel by
5 %
wesh [ we% | % |
Prtuitary dwarf 25 — 20 -
Tituitary dwarf a2 40 14 52
Shechan's syndrome 30 40 4 13
Shechan’s syndrome 16 18 3 w
Chromophiobe sdenoma 5.0 8D 19
FProbable chromephobe 84 14 47 -—
adenoma

suggested that the protein-bound iodime may not be guite as
fow as i myxoedema, o finding 1n keeping with theappreciable
uptake of radiotodme by the thyrod in most cases of hypo-
pituitarism,

Some Causes of Spurious Results

Sandell and Kolthoff (1937} showed that the catalytic effect
of jodine in reduction of cerie jon by arsenite was poisoned
by mercury and by other jons, including fluonde, cysnidean
silver. Ssndell and KolthofT also showed that the only sub-
stance causing catalyss comparable in rate to that caused by
todine was osmium, Catalysis by chlonde and platinum was
very weak, and that by bromde also very weak upless a
manganous salt was also present. In practice on?;{ _merct.zry
remaining in the blood 24 to 48 hours after the udmllmstratgon
of o mereurial diuretic has been encountered as an interfering
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ion. Sometimes contamination of the syringe by mercury has
been suspected,

A very troublesome cause of error in the use of 10dine in
blood as a test 1s 10dine itself. Iodine, though easily excluded
from the analytical laboratory, is not easily kept away from
patients. The most troublesome source of excessive 10dine is
radiographic contrast media, but iodides are also given for
asthma and for various chronic diseases, including athero-
sclerosis and arthritis, and iodine 1s often incorporated into
vitamn mixtures, cough medicines, antiseptics, parasiticides,
toothpastes, and sun-tan lotions,

The substances used for displaying the unnary tract leave
the body quickly and have not been found to cause erroneously
high values for more than a few days. The compounds used for
radiograms of the gallbladder and hle ducts are given in doses
of several grams of 10dine, and while fairly rapidly excreted—
half-time estimated to be 12 hours for 1odoalphionic acid
(Shngerland, 1957)—protein-bound iodine may remain hgh
for three months and occasionally longer. Iodized oils used
for bronchograms and myelograms are very slowly absorbed
and may cause false values for several years.

In most instances, the raised concentration of bound iedine
when caused by excess intake of 10dine was found associated
with an merease 1n unbound 1odine. The latter finding proved
to be most helpful. The increased protein-bound iodine
appearing on chrome admimstration of iodine (Danowski,
Johnston and Greenman, 1950) was encountered m patients
treated with cough medicines and asthma dies containing
1odide, and in patients with hyperthyroidism takimg 1odine.
The length of treatment needed to cause the development of
this form of bound iodime seemed quite varable, and the
persistence of the substance in the serum after stopping the
medication was more variable still, The quantities of bound
iodine were not large and seldom exceeded 20 pg./100 ml., and
when iodine ingestion was recent, the cause of the high value
was usually revealed by the high value of unbound iodine.

An extreme example of the persistent effect of iodine
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m(-:‘dication was seen in a 55-year-old woman with a non-toxie
goitre. An iodine solution in a dose of 4 drops daily was taken
for a period of about one month; after treatment was stopped,
the following serum iodine values were obtained: at five
weeks, bound iodine 104 pg. per cent, unbound 2-8 ug. per
cent, at seven weeks 9-8 and 2-2, at sixteen weeks 8-2 and
06, and at twenty-five weeks 5:6 and 1-2. A year later, the
patient was asked to take 5 drops of saturated solution of
potassium iodide daily for a period of one month. Before
iodine administration the bound iodine was 6-8 pg. per cent,
unbound 05 pg. per cent, and one week after the end of
treatment 15-2 and 0-6, at seven weeks 9-9 and 15, at seven-
teen weeks the bound was 10-2 (unbound not determined),
and at thirty weeks, 6+6 and 0+2. At all protein-bound iodine
values above 8-0 pg. per cent, the radioactive iodine uptake
was below 8 per cent. The uptakes with normal serum iodine
values were 21 per cent, 28 per cent, and 37 per cent.

Transport Form of Bound Jodine

The .ﬁndings of Gordon and collaborators (1952) that
thyroxine in plasma is bound to a characternstic protein have
been confirmed. This thyroxine-binding protein, a very small
component not detectable by usual staining methods, migrates
to a position near ,-globulin upon zone electrophoresis. Its
capacity for thyroxine can be measured by addition of thyrox-
ine to plasma and determination of the proportion which is
caused to spill over inta the albumn zone. Capacity of the
specific zone for thyroxine 1s taken as a measure of the quan-
tity of thyroxine-binding protein. It would appear that the
quantity of this protein m plasma beats a significant but
imperfect relationship to the concentration of albumin, and
it is a current concept that, other factors being equal, the
concentration of protein-bound iodine in plasma varies directly
with the amount of the specific carrier.

The low iodine in the serum in nephrosis (Recant and Riggs,
1952), cirrhosis of the liver (Kydd and Man, 1951), and in
it on ctates associated with profound hypoalbuminaemis
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(Peters and Man, 1948) is probably to be accounted for by a
deficiency of the specific carrier. Restoration of the albumin
concentration toward normal by infusions of purified albumin
did not eause a rise m the concentration of iodine but rather
seemed to diminish it.

The increased quantity of bound iodine noted during preg-
naney (Heinemann, Johnson and Man, 1948; Danowski, Gow,
Mateer, Everhart, Johnston, and Greenman, 1950) has
recently been shown to parallel closely an increase in the
specific carrier (Dowhng, Freinkel and Ingbar, 1956), changes
which are reproducible 1n normal individuals by the admn-
istration of oestrogen. During the normal menstrual eycle of
human beings no change in the iodine or proteins of serum
has yet been d d (D ki, Hedenburg and Gr
1949), but 1n the baboon a clear-cut cycle has been shown
{Zyl, 1957a). Protein-bound iodine during menstruation and
the early follicular phase of 3-8 ;12./100 ml. rose to 49 ug./100
ml 1n the late luteal phase and then fell agam. Albumin
showed a closely parallel cycle so that the iodmne to albumin

ratio With preg: 'y the rise during the
huteal phase continued to a mean height of 5-42 pg./100 ml,
which d througt preg 'y (Zyl, 1957b).

The diminished concentrations of bound iodine in associa-
tion with decreased carrier protein and the increased values in
pregnancy and following medication with oestrogen are
unaccompanied by any clinical evidence of hypo- or hyper-
thyroidism, It might thus be inferred that normal quantities
of thyroid hormone reach the tissues, and also that normal
quantities of hormone are secreted from the thyroid gland.
Diminished carrier protemn must then favour entry of hormone
into cells or action of hormone on eells, and it 1s of interest to
inquire whether in Graves’s disease it 1s an altered binding
protem that accounts for the mterestmg ﬁndlngs of & more

et

condition (Hamolsky, Stein, and Freedberg, 1957).



106 E. Astwoob, C. Cassipy, M. RABEN AND S. ASTWO0OD

In view of the large changes in protein-bound icdine that
can be occasioned by changes in carrier protein, it is not
unexpected that there should be such a wide range of values
among normal individuals and a poor correlation between the
severity of hyperthyroidism and the concentration of bound
iodine 1n the serum. It is surprising in the light of the more
rapid turnover of thyroxine in Graves's diseasc that there
are not more instances of hyperthyroidism without increased
protein-bound iodine in the serum.

U 1 Todine Comp d in Serum

Two years ago a patient with hyperthyroidism was found
to have a radioiodine uptake of 96 per cent and the protein-
bound iodine was greater than 20 pg./100 ml, A single dose of
radiolodine brought about r jon which was plete in
less than a year. At intervals of two and twelve months after
the imtial observation the protein-bound iodine exceeded the
limits of the test and the radioiodine uptakes were 100 per
cent and 72 per cent respectively. Eighteen months after the
therapy, quantitation showed the jodine to be 4,200 ug./100 mi.
of serum, and six months thereafter, 8,100 pg./100 ml

Meanwhile, other patients were encountered with similar
findings, protein-bound jodine values of 2,000 to 18,800
ug.f100 ml, normal or high radioiodine uptake, normal
total urinary iodine, and no apparent source of exogenous
iodine.

Examination of the case records of 104 patients showing
values for bound fodine in excess of 82 ug./106 ml. (Fig. 1)
disclosed that 75 had probably had radiographic media or some
other form of 1odine shortly before the blood samples were
taken. In 29 cases, however, iodine ingestion did not seem &
sufficicnt cause. From among these 1t was possible to obtain
fresh samples of blood for analysis in 14 instances, and in all
but 2 the protein-bound 10dine was found to be in the very
high range. 1t might be roughly estimated therefore that the
incidence of these very high values was about I per cent of the
sl Jnterrinations shown in Fig. 1, and that about one-
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quarter of the values above the limit of the method fell into
this eategory.

At first it was incredible that such concentrations of an
iodine compound could exist in plasma without altering iodine
uptake by the thyroid and iodine exeretion, and the possibility
that some substance other than jodine might be catalytic in
the ceric-arsenite reaction was considered. However, analysis
by the Chaney method which involves distillation gave similar
values; alkali incineration followed by thiosulphate titration
to a starch end-point also gave similar values after correction
for losses using radioiodine, and, finally, alkali fusion followed
by oxidation by mitrous aeid yielded matenal showing the
typieal 1odine colour m chloroform.*

Isolation of the iodine-contamming compound from the
blood was accomplished by precipitating and washing the
serum protemns with ethanol and extracting the diluted,
acidified ethanol with chloroform. Purification was achieved
by partition between chloroform and buffered aqueous alcohol,
taking advantage of a favourable distribution 1nto chloroform
at pH 6 and into the aqueous phase at pH 8. The final alkaline
extract was acidified to pH 8 and extracted with chloroform.
After evaporation of the chloroform the green residue was
leached repeatedly with boiling petroleum ether or hexane,
Evaporation of the solvent left a colourless residue which on
solutton 1 a minimal volume of 40 per cent ethanol separated
as needles upon addition of water or upon slow evaporation,
Crystallization was facilitated by seeding; the first erystals to
be obtained were denived from a petroleum ether solution on
prolonged standing

The compound was readily detected on paper chromato-
grams by the method of Bowden, Maclagan and Wilkinson
(1955); it precipitated with the serum proteins in trichloro-
acetic acid and mugrated with albumin upon electrophoresis.
1t was not detectably labelled by oral tracer doses of radio-
1odine. The ultraviolet absorption spectrum resembled

ditodotyrosine and thyroxine. In acid, the maximum at 294
* We are indebted to Dr, H. D. Purves for this demonstration,
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in 50 per cent ethanol had an absorbance of 0-54/100 pg./ml.
In alkeli, the maximum was shifted to 818 (water) and 823
(ethanol) with absorbances of 12 and 1-26/1 mg./ml. respec-
tively. Thus the maxima were intermediate between those of
diiodotyrosine and thyroxine, but the increase in intensity
upou solution in alkali more closely resembled dilodotyrosine.
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FiG, 6. Ultraviolet absorption spectrum of the unusual 1odine eompound
isolated from setum. The position of the maximum at 296 and the shift to 322
upon addition of alkali as well as the degree of intensification of absorption
were cheractenstic of a«duodophesnols

Shift of absorption m buffers indicated a pK similar to other
o-diiodophenols. Titration of & 6 mg. sample with alksli
using a glass electrode indicated an equivalent weight of
approxumately 274 and evidence of a carboxyl group. The
m.p. was 150°% and analysis showed C, 2365 per cent, H,
224 per cent, I, 64-39 per cent.*

The biological signif of this compound remains to be
determined. No single feature characterized the 15 patients

+ Dr. Martin Etthinger provided guidance and helpful advice during this
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thus far studied; 5 had hyperthyroidism, 5 had non-toxic
goitre, and 5 showed no evidence of a thyroid disorder. Nine
had had excessive iodine in some form months or years hefore,
but 6 had had no exposure to iodine.
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DISCUSSION

I’i!l-!hvers: Dr. Astyqod, do you think that this compound 1s pro-
duced in the body or is it exogenous? Have you ever demonstrated 1ts
np;:tiaranc’e,‘!:'abglled, afte_r the gd_mgnistmn‘on of rxdioiodi{xc_? R

[

. 3

PRtE— S R

mination on this too, wouldn't jt?

Astiwood- It is being done.

Put-Rivers* An equivalent weight might be four times that, mightn’t
it? Has it got a sharp melting pomnt?

Astwood: 1t melts very sharply at 150°

Pitt-Rivers: Tt is rather low for the melting point of a thyroxine-like
compound. The rododiphenyl ethers usually melt higher than that,
unless they are hydrated or have solvent of crystallization. I don’t
think I am going to guess any more.

Astwood- The melting pomnt is quite high for a diiodaphenol.

R . For a d i e?

Astrood: Yes.

M. de Escobar: Do you know anything about the ph
activity of this compound?

Astwood No, I am afrard we do not.

Parkes: But you sad this had no obvious relation to the thyrord
condition, didn’t you? It might be nothing of significance then

Astwood It1s somgth!ngl . .

. t
'

i
phenolic group.

Astwood: The spectral shift with pH showed a pK of about 6:3, Iike
other o-diiodophenols. But titration showed a stronger acid as well,
which I assume ta be a carboxy!

Morris: That would confirm that at least one iodine 1s near the
phenolic residue. . .

Piti-Rivers: Not one, there must be two because the pl of monoio-
dophenol is very much higher than that of dnodophenol.

“n,?mr:u; %x’ave 2 few patients that for two years have dented gall-
bladder radiograms or other sources of iodine,
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It may be an ingredient of a new kind of facial cream or something.
Put-Rivers: Are they all fernales?
Astwood: All but one.
e e i

PR SRR SO VP SRS S

Ingbar: Have you had the opportunity to determine whether small
amounts of inorganic iodine, the usual amounts, will produce the usual
depression in jodine uptake in these patients?

ttadane th th

1t without being pretty sure what I was domng.

Samuels: Reactions which would split off side-chains to give you a
benzoie acid type of derivative would be nteresting to try; chromre
aeid, for instance,

1 think 1t might be interesting to see whether you could use some

Astwood: Yes

Lormine. Have you attempted to correlate the PBY levels with TSH
levels under normal and pathological conditions?

Astwood I am afraid not. McKenzie has really just started working
on TSH 1 blood.

Ingbar In this survey of patients in whom you have done protem-
bound 10dine, have you encountered patients with bromide intoxication,
Soaee s e L e T L L L L e

determnation.
Astwood. 1 see.
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Prunty: Have you any data on correlation between PB!*!I behaviour
and PBI in serum in a thyrotoxic individual?

Astwood- Perhaps Prof. Prunty can answer this question for us! I
haven’t any figures myself.

Prunty: I have some data observed by Dr. J, S. Staffurth in our
isotope laboratory. We have been trying to pay particular attention
to the inal cases of t| where the is is really m
doubt. The problem 1s particularly accentuated mn patients with
nodular goitres. The data shows that in a group of patients with
suspected Graves's disease, division mto two fairly clear cut groups was
possible. In one there was elevation of both PBI (above 7 5pg./100ml )
and PBIMI (above O 4 per cent of administered dose /1. plasma) but

vl i

Astwood- We haven’t experience with PB!:I, It 1s the result of
several variables and interpretation 1s difficult .

M. de Escobar Dr. Astwood has spoken about his impression that in
some of his gotre patients the PBI's were lugher than one would expect
to find, Were they patients from endemic areas?

Astwood: Tt may Just be the result of my biased clinical acumen, but
1 have always looked for hyperthyroidism when seeing goitres, and per-
haps I have seen 1t when I shouldn’t have seen it Usually the protein-
‘bound 10dine has proved to be normal.

M. de Escobar: We have deterruned PBI's m patients with goitre
from endemic areas of the province of Granada and e have also the
same impression, that the PBI’s were on the higher levels of the normal
range. In some of the patients we were able to determine then the BEI
and there Wwas a rather big diserepancy between the values of the PBI
and BEL But we do not have enough cases to say anything conclusive
on a statistical basis Do you think that in your cases 1t could be that
the BEI is Iowerr than tlhe PBI? e e A o the

operative patient is cven more nvolved than that of a newly tnyruioan

jndivi 1. . o
individual. | e two things I have heatd mentioned this morning

wh,gﬂd:{; 1 think clinically extremely interesting, or could be interest-
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ing. One is that Dr. Ingbar shpped some word about affinity of tissue
for PBI; and the other was a remark that Dr. Astwood had some infaLr-

studied, myocardial shides, kidney, liver, there appear to be no striking
differences between the tissue per se.

competitive Basis Rather than keeping thyroxine out of the cell, TRP
may carry thyroxine into the cell and may make 1ts localization within
the cell specfic, perhaps directing it tow ards the site where the thyroxine
would be metabolically active That 1s a possibility that I think we
should bear in mind.
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fact that we have seen this sort of abnormality in **normal® relatives
of hyperthyroid pattents, who have never been thyrotoxic, as far as we
could determine, at any time in the past

From the d af 10n of lab 'y tests, one con-
q of this and ab 1ly rapid turnover of thyroxine
is that the tissue utihzation and tissue delivery of thyroid hormone may
be excessive, though the PBI1s within the normal range. A good number
of other workers have observed this phenomenon.

Heller: 1 wonder whether you have considered whether circulatory
changes in such patients play a réle in these differences in uptake,
changes which naturally you would not spot in your in vitro test?

Ingbar- That 1s entirely possible.

Ingbar: All I can say is that the function 1s not hinear. and my com-
prehension of mathematies stops at linear functions'

Samuels- This would appear to indicate an absorption type of reaction,
a removal from the equilibrium system.

Ingbar: Yes, one can readily reverse the uptake in the in vilro system.
If one meubates tissue shces in saline one sees an asymptotically rising
curve of thyroxue uptake by tissue. _If one then adds a materzal which
is rich in TBP. one extracts from the tissue a large share of the thyroxine
which has been bound ‘The cellular uptake then returns to approxi-
mately what 1t would have been if one had incubated in a proten
medium in the first place.

Busk: In your measurements of disposal of thyroxine in these hyper-
thyroid patients, have you made any attempt to estimate metabohic
products 1n the urine?

Ingbar No.

[Note added in proof by Astwood)
It was subsequently found th:
closely bled a-ethyl-3-

at the rodine compound from blood
Xy-2 : 4 ¢ 6-tri is e acid
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INSULIN IN BLOOD

P. J. RanpLe
Department of Biochemstry, University of Cambridge

Methods of Assay

A NuMBER of assay procedures have been descnbed which
are sufficiently sensitive to be capable of detecting msulin in
blood plasma. These are based upon the blood sugar response
of adreno-d dullated alloxan-diabetic. hypophysectomized
rats (ADH rats) (Anderson, Lmdner and Sutton, 1947),

xan-diabetic hypophy d rats
(ADHA rats) (Bornstein, 1950), hypophysectomlzed alloxan-
diabetic mice or rats (HAD mice or rats) (Beigelman ef al,
1956b; Yenerman, Cornfield, Bates and Anderson, 1958); the
increased uptake of glucose tn vitre by the isolated rat dia-
phragm (Groen et al., 1952; Willebrands and Groen, 1956;
Vallance-Owen and Hurlock, 1954; Vallance-Owen, Hurlock
and Please, 1955; Randle, 1954c, 1956b); and the gas output of
slices of lactating mammary gland in vitro (Balmain et al.,
1954). Linear transf tions of the dose-resp relation-1
ship have been reported for each assay procedure, The
mnimum dose of msulin which may be detected by these
procedures and the index of precision are given in Table I. :
The 1solated rat diaphragm provides a simple and relatively
inexpensive procedure for the assay of minute amounts of
msubin and its smtability has been adequately confirmed. The
precision 15, however, not mgh The ADHA rat assay for
msuhn as orignally described by Bornstein has not been
confirmed. Peden (1955) has reported in detail the difficulties
involved in the preparation of ADHA rats, and he was unable
to obtan ADHA rats which were switable for msulin assay.
Randle (unpublished observations) has also attempted to
prepare ADHA rats which were suitable for insulm assay.
The yield of ADHA rats was low (only 119 out of 254 rats
15
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Table 1
TRECISION AND SENSITIVITY OF METHODS OF INGULIN ASSAY

Msmmun
letectable
Methad of assay wantgy of | 1z el e
(pmmhyn of precision (uthors
mu.

Bload sugar response
Alloxan-ciabetic hypo- 0 03 Not known | Bornstem (1950)
physectomized adren-
alectomized rats
Adreno-demedullated D 125 Not known | Anderson et al.
alloxan-diabetic hypo- (1947)
physectormzed rats
Alloxan-diabetic ypo- | 0 00316 0 05-0 08 } Yenerman ef al.
physectomuzed mmce (1953)

Hypophysectomized 245 a 30 Beigelman et al,
alloxan-diabetic rats (19564, b)
<2z Not known | Randle (19544)
Uptake of glucose n vitro | 0-005 Not known | Groen ef gl, (1052)
by the isolated rat dia- | 0 Q1 Not known | Vallance-Oren and
phragm Hurlock (1951)
010 0 20-0 40 | Randle (1954a;
1936b)
Gas output 15 vitro by 2 03 Balmam ef ol
shices of mammary gland (1954)

from lactating rats

survived the preparative procedure} and the survival was very
poor (mean survival time 7-3 days.) Those rats which did
survive the preparative procedure were found to be toe
delicate and to possess too unstable a blood sugar to permit
their use for insulin assay. The remaining procedures based
upon blood sugar response have received some confirmation,
though there 1s some disagreement as to the sensitivity to
insulin of HAD rats (Table I). The assay based upon the gas
output of slices of lactating mammary gland has not been
much studied, nor has 1t, unlike the other procedures, been
applied to the insulin content of plasma, but 1t appears to

offer great promise, ]
Thg procgdures based upon the ADHA rat and the isolated
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rat diaphragm are those which have been most extensively
applied to the assay of plasma insulin. Since 1t has been shown
that plasma may contain factors other than insulin which
exert an effect in these assay pmcedures, the results obtamed
with the ADHA rat and rat di do not ily
reflect the insulin content of plnsma. In this account of the
subject, the term plasma nsulin activity is therefore used to
describe the insulin-like action of plasma in & bioassay without
implying that the action is solely that of insulin in the plasnda,

The Insulin Activity of Plasma from Normal Animals

The insulin activity of plasma from normal people has been
determined by a number of procedures and the results are
summarized in Table II. The values reported vary widely.
Bornstein (1950) using the ADHA rat found activity

Table II
INSULIN ACTIVITY OF PLASMA FROM NORMAL ANIMAYS
Method of Plasma tnsulin activrty
Species avsay mu jml Author
Man | ADHA rat 0 10 (fast Bornstein (1930)
0201 hr. aftcr oral
glucose]
© 31(2-2 5hr after oral
glucose)
ADHA rat 2 (acid aleohol extract of | Weitze and Hage-
plasma) dorn (1954)
HAD rat <2 Randle (1954c)
Rat diaphragm |0 1to 8 Willebrands and
0 0100 10 (fasting) Groen (1956)
0 1000 80 (1 hr after | Vallance-Owen
oral glucose) and Hurlock
954,
1 to 20 (fasting or 2-2 5 | Randle (1954c)
he after oral glucose)
Rat | Rat duphragm | § to 30 (fasting) Randle and
Young (1956)
Cat | Rat duphragm |2t08 Randle and
Young (1956)

mu = millioits
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equivalent to 0-1 mu. msulin/ml. in plasma from fasting nor-
mal peaple rising to 0-2 mu./ml. and 0-24 mu./ml. one and two
hotrs, respectively, after oral glucose, Willebrands and Groen
(1956) using the isolated rat diaphragm give values of 6% to
3 ou./ml. plasma. Using s simiar procedure Vallance-Drven
and Hurlock (1054) find 0-01-0-1 mu./ml of plasma from
fasting normai people and 0-1 to 08 mu./ml. one hour after
aral glucose, while Randle (1954¢, and unpublished observa-
tidns) finds activity equivalent to 1-20 mu./ml, plasma from
normal people 2-2-5 hours after oral glucose, with sinular
values for plasma obtaned from fasting people.

Weitze and Hagedorn (1954) and Beigelman and co-workers
(1856a) have used a somewhat different spproach—by
attempting to extract msulin from plasma prior to assay.
Weitze and Hagedomn extracted plasma from normal people
with aed aleohol and assayed the resultant extract for insulin
by the blood sugar response of ADII rats, finding activity
equivalent to 2 mu. insulin/ml. plasma. Beigelman and ¢o-
workers (1956z) have tested plasma protein fractions for
insulin activity by the bload sugar response of HAD rats.
Although these experments were largely qualitative, therr
results suggest that the insulin activity of normal human
plasma may be as igh as 2 mu./ml

These assays were for the most part carried out with single
doses of plasma. Bornstemn sssayed anly one dose of plasma
and did not incorporate standard doses of msulin in the assay,”’
and the assumption was made in calculating plasma msulm
activity that the response to msubn was constant from assay
to assay. Four- or six-point assays were not made. In m‘OSt
of the assays using the rat diaphragm only one copeentration
of plasma was tested, though standard doses of insulin were
included 1 all assays. Groen and collaborators (1952) have
carried out assays on plasma diluted fivefold with a balanced
salt solution (Gey and Gey, 1930) prior to assav: Vot~ -
Owen and Hurlock {1032) have -~ '
while Ramt- 17" ‘ ce

Gey's
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Four-point assays with the rat diaphragm employing nor-
mal human plasma diluted 16-fold and fourfold and insulin
(0-5 and 2 mu./ml) have been reported (Randle, 1954c).
The slopes of regression lines for plasma and insulin did not
differ significantly under these conditions,

Four-point assays using normal human plasma (undiluted
and fourfold dilution) and insulin (4 and 1 mu./ml) have
recently been made with the isolated rat diaphragm. The
results are summarized in Table III. With one exception the
changes in response to fourfold changes in the concentrations
of insulin and plasma differed significantly. An increase in the
concentration of insulin always produced a significant increase
in glucose uptake, whereas increase in the concentration of
plasma under these conditions did not produce an increase in
glucose uptake, in most experiments (Table II). Similar
results have been obtained tn six-point assays with plasma
from fasted normal rats (unpublished observations). 1t is to
be inferred from this observation that the insulin activity of
undiluted plasma would be lower than that of diluted plasma
(cf. Table III). This observation would explain in part the
difference between the values for insulin activity of normal
human plasma reported by Vallance-Owen and Hurlock
and by Randle.

The results summarized in Table II do not yield an accept-
able estimate of the insulin content of normsl human plasma.
The wide variation in results, even where essentially the same
assay procedure has been employed, and the unsatisfactory
results obtained where four- or six-point designs have been
used, suggest that the methods of assay are not specific when
applied to the insulin content of plasma from normal animals.

Plasma Insulin Activity in Diabetes

The insulin activity of plasma from rats exhibiting severe
alloxan diabetes is substantially lower than that of normal rat
plasma when estimated by the glucose uptake of the isolated
rat diaphragm (Tuerkischer and Wertheimer, 1948; Park and
Bornstein, 1953; Randle, 19555 Whitney and Young, 1957).
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The insulin activity of plasma from alloxan-diabetic hypo-
physectomized rats appears to be normal, but may be reduced
to the low level characteristic of alloxan-diabetic rats by
treatment with growth hormone and cortisone (Park and
Bornstein, 1953; Whitney and Young, 1957). Park and Born-
stein {1953) have inferred that the low insulin activity of
plasma from alloxan-diabetic rats is a if ion of an
inhibitor in the plasma, and inhibitory matenal, which may
be a lipoprotein, was separated from the plasma by fraction-
ation (Bornstein, 1953). Randle (1955) observed that low
insulin activity of plasma from alloxan-diabetic rats was only
a feature of fresh plasma and that plasma which had been
repeatedly frozen and thawed possessed normal insulin
activity. This observation would be in keeping with the
conclusions of Park and Bornstein, since freezing and thawing
were reported to inactivate their inhibitor,

Plasma from totally depancreatized cats and dogs deprived
of insulin 1s devoid of insulin activity when tested by the rat
diaphragm method, but insulin activity may be restored to
normal by treatment with insulin (Groen et al., 1952; Randle,
1956a.) Insulin activity is not restored to the plasma of
depancreatized cats deprived of msulin when the plasma is
frozen and thawed, and an nhibitor of the type 1dentified 1n
the plasma of alloxan-diabetic rats is thus unlikely to be
present (unpublished observations). However, the plasma of
depancreatized cats may contain an inhibitor, not inactivated
by freezing and thawing, since Vallance-Owen (personal
commumication) finds that plasma from such animals inhibits
the action of insulin added in vitro upon the glucose uptake of
the isolated rat diaphragm.

The insuhn activity of plasma from cases of human diabetes
has been studied by assays based upon the ADHA rat and the
isolated rat diaphragm, Bornstemn and Trewhella (1950) and
Bornstein and Lawrence (1951) find that plasma from un-
treated cases of severe spontaneous diabetes presenting with
weight Joss and ketonuria is devoid of insulin activity, but
that mnsulin activity in essentially normal amounts can be
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detected in the plasma after treatment with insulm. Plasma
from untreated cases of milder diabetes who presented with
obesity and without ketonuria possessed insulin activity,
which was somewhat lower than that of normal human
plasma. Plasma from untreated cases of severe diabetes, m
addition to being devoid of msulin activity, nhibited the
action of insulin, measured 1n o subsequent test, on the blood
sugar level of ADHA rats.

Groen and co-workers (1952), who examned the insulin
activity of plasma from the types of human diabetic mentioned
previously by means of the 1solated rat diaphragm, found
essentially normal msulm activity in the plasma, though
plasma from cases of severe untreated diabetic acidosis was
devoid of msulin activity. Similar results have been obtained
by Randle (unpublished observations). Vallance-Owen,
Hurlock and Please (1955) find that plasma from cases of
severe spontaneous diabetes which have been treated with
insulin, but in whom the diabetes is poorly controlled, is
devoid of msulin activity and contoains a factor wiich inhibits
the action of insulin on the uptake of glucose by diaphragm.
In similar cases 1n which diabetes was well controlled the
plasma mnsulin actrvity was essentially normal and no mhibitor
could be detected 1n the plasma. In untreated cases of milder
diabetes with obesity the plasma insulin activity was normal,
or under some conditions above normal. The apparent dis-
crepancy between the results of Vallance-Qwen and collabor-
ators and those of Groen and co-workers and of Randle in
severe cases of diabetes may result from the concentration of
plasma used in the assay of plasma 1nsulin activity. Thus
Vallance-Owen, Hurlock and Plcase have used undiluted
plasma, while Groen and eo-workers and Randle have used
plasma diluted prior to assay. The inhibitor which Vallance-
Owen, Hurlock and Please have noted in the plasma of poorly
controlled eases of diabetes might well exert a greater effect
on the uptake of glucose by diaphragm i¥1 undiluted p]usmn-

It may be inferred from these observations that the insulm
content of plasma from diabetic animals is not known. In the
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instances in which insulin activity of diabetic plasma has been
found to be low, the activity of inhibitors in the assay system
has been demonstrated. The observation that the plasma of
alloxan-diabetic rats, in which the inhibitor has been inacti-
vated, possesses essentially normal insulin activity by the rat
dinphragm method does not necessarily mean that the insulin
content of the plasma 1s normal, since it is possible that the
msulin-like action of plasma upon the glucose uptake by
diaphragm is in part an effect of plasma proteins other than
insuln (cf. pp. 128-129).

The Influence of the Pituitary on Plasma Insulin Activity

The influence of pitwtary insufficiency on plasma insulin
activity has been studied by the rat diaphragm method.
Randle (1945b) observed a marked reduction of plasma msuhn
activity in severe cases of panhypopituitarism i man, and
Randle and Young (1956) found that the insulin activity of
plasma from hypophysectormzed rats was substantially less
than that of plasma from normal rats, These assays were
carried out on plasma diluted fourfold, prior to assay, with
Gey's balanced salt solution. When assays of msulin activity
are carried out on undiluted plasma from hypophysectomized
Tats, msulin activity can be detected which in some instances
is comparable to that of undiluted normal rat plasma. The
msulin activity of plasma from hypophysectomized rats is
therefore not necessarily lower than that of normal rat plasma.

The reduced msulin activity of diluted plasma from hypo-
physectomized rats may result from the presence in the plasma
of some inhibitory material. Protein fractions were prepared
from the plasma of hypophysectomized rats by the method of
Ulrich, Li and Tarver (1954) The fractions obtained were:

Fraction I precipitated from plasma at pH 7-2and 8 per
cent ethanol concentration.

Fraction II  precipitated from supernatant from fraction
1 at pH 7-0 and 20 per cent ethanol concen-
tration,
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Fraction III precipitated from supernatant from fraction
II at pH 5.7 and 40 per cent ethanol con-
centration.

Fraction IV precipitated from supernatant from fraction
IIT at pH 4-8 and 40 per cent ethanol con-
centration.

Fractions II-IV after dialysis (against distilled water) and
lyophilization were reconstituted with Gey’s balanced salt
solution to their concentration in original plasma diluted
fourfold. They were then compared for insulin activity with
a sample of the plasma from which they had been prepared
and which was diluted fourfold prior to assay. The results
are summarized in Table IV. Fractions II and III, unlke

Table IV
INFLUENCF OF PLASMA, AND PROTEIN FRACTIONS OF PLASMA FROM HYBOPEY-
SECTOMIZED RATS UFON THE UPTAKE OF GLUCGSE I¥ FITR0 BY THE ISOLATED
RAT DIAPHRAGM

Addition to Uptake of glucose. Mean + S.E. of mean mg.
buffer glucosefg, wet dwaphragmfhr, incubation

No addition (@) 1872005
{buffer alone)

Plasma @ 1952011
Fraction 1T (€) 247 +0-11
Fraction T (d) 246%0-12
Fraction IV (6) 207012

L e o M v cnadad saminle

Significance of difference between means:
(b-a), (eb): P> 0-05; (c-b), (d~b): P <0 01 >0-001; (e—<)s ()2

P <005 > 001
fraction IV and the original plasma, stimulated the glucose
uptake by rat diaphragm. These observations would suggest
that plasma from hypophysectomized rats contains a factor
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which inhibits the uptake of glucose by rat diaphragm in
vitro, but nn mhibitor has not so far been identified or detected
in plasma fractions.

The influence of treatment with growth hormone on plasma
insulin activity has been studied with the ADHA rat and the
1solated rat diaphragm. Bornstein, Reid and Young (1951)
found that the portal vein blood of intact cats treated with
growth hormone for several days contained a substance which
was hyperglyeaemic in the ADHA rat. Femoral vein blood
was devoid of hyperglycaemic activity, and insulin activity
could be detected in some instances. Bornstein and Lawrence
(1951) reported that plasma from acromegalic patients with
untreated diabetes was alse hyperglycaemic in the ADHA
rat. Since the activity of hyperglycaemic materal would be
expected to prevent the detection of insulin activity by the
ADHA rat these observations provide no definite information
about the imfluence of growth hormone on plasma wsuhin
activity in the cat and in man. Randle and Young (1956)
have used the isolated rat diaphragm to study the influence of
tr with growth h on plasma msulin activity in
the cat and rat. In the intact cat, treatment for several days
with growth hormone led to a substantial increase in plasma
insulin activity. When totally depancreatized cats were
treated with insulin and with similar amounts of growth
hormone, the nsulin activity of the plasma was unaltered
unless additional nsulin was supplied during the period of
treatment with growth hormone. Randle and Young con-
cluded that treatment with growth hormone leads to a rise
in the insuhn content of the plasma. Plasma from a cat
rendered permanently diabetic by prolonged treatment with
growth hormone (metahypophysial diabetes) contamned a
factor which inhibited the uptake of glucose by rat diaphragm.
When intact rats were treated with growth hormone for
several days the insulin activity of the plasma was unaltered
—a result in clear contrast to that obtained in the cat. The
msulin activity of plasma from many acromegahe patients
was found to be greater than that of normal human plasma
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(Randle, 19544, 1955), an observation which has been con-
firmed (Willebrands and Groen, 1956; Candela, 195¢), The
insulin activity of plasma from acromegahc patients may
revert to normal levels after pituitary irradiation (Randle,
1955).

The influence of other pituitary hormones on plasma
insulin activity has not been studied,

These observations provide little direct evidence for an
influence of the pituitary on the plasma level of insulin, The
observations of Randle and Young would suggest that in the
cat treatment with growth hormone leads to an increase in
plasma msulin content. This conclusion was, however, drawn
from a comparison of the effects of growth hormone 1n intact
and depancreatized cats and was not based upon the assump-
tion that the method of assay employed was specific for insulin
in plasma. Bennett (1955) and Milman, de Moor and Lukens
(1951) using indirect criteria have also obtained evidence
which would suggest that treatment with growth hormone in
the intact cat or dog leads to an increase in plasma insultn
content.

Plasma Insulin Activity and Spontaneous
Hypoglycaemia

Plasma insulin activity has been estimated in human cases
of spontaneous hypoglycaemia by the rat diaphragm method.
Plasma insulin activity appears to be above normal in spon-
taneous hypoglycaemia associated with islet cell tumour of the
panereas (Croen et al., 1952; Willebrands and Groen, 1956;
Vallance-Owen, personal commumeation), though this does
not appear to be so for all samples of plasma obtained in _sqch
cases (unpublished observations). Plasma insuhn activity
apparently returns to normal levels following surgical 'rem'oval
of the tumour (Vallance-Owen, personal communication}.
Plasma insulin activity appears to be normal in cases of
functional hypoglycaemia (Groen et al,, 1952), but may be
enhanced in some cases of familial hypoglycaemia in children
(unpubhshcd observations).
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Insulin Activity of Plasma Protein Fractions

Beigelman and co-workers (1956a) have tested, for insulin
activity, protein fractions prepared from normal human
plasma by blood plasma fractionation methods developed by
Cohn and his collaborators. The plasma fractions were tested
for insulin activity by the blood sugar response of HAD rats.
Insulin activity appeared to be associated with certan 8-glo-
bulins and lipoproteins and was not identified 1n other plasma
protein fractions.

The influence of protein fractions of plasma upon the glucose
uptake of the isolated rat diaphragm has been httle studied.
Both albumin and globulin fractions prepared from the plasma
of acromegalic patients and normal rats appear to be capable
of stimulating glucose uptake, though the y-globulin fraction
of plasma from an acromegalic patient lacked stimulating
activity (unpubhshed observations),

Specificity of Methods of Assay

Procedures for the assay of mnsulin in blood plasma can
only be considered useful if the insulin-hike action of plasma
in the bioassay is due solely to an action of insulin i the
plasma. Such a procedure may be considered quantitative 1f
1t can be shown that plasma is devoid of substances which
inhibit or potentiate the action of insulin mn the bioassay. Not
one of the assay procedures discussed here has so far been
shown to be quantitative when applied to the insulin content
of plasma. Thus four- or six-pomnt assays have not been
carried out with methods of assay based upon blood sugar
response. In the case of the 1solated rat diaphragm four- and
six-pomnt assays with plasma from normal animals have re-
vealed significant differences between the quantitative rela-
tionship of dose to response for plasma and for insubn. In
some instances plasma has been shown to contain substances
which nterfere with the action of insuhn in the bioassay.
Thus plasma from diabetic animals has been shown to inhibit
the action of insulin on the blood sugar response of ADHA
rats and the uptake of glucose by the isolated rat diaphragm.
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Furthermore, some samples of plasma from acromegalic
patients or from intact cats treated with growth hormone have
been shown to be hyperglycaemic in the ADHA rat. Thus
these procedures cannot be considered specific when applied
to the insulin content of untreated plasma.

The insulin-like action of plasma upon the uptake of glucose
by rat diaphragm has been variously attributed to the activity
of wsulin in the plasma (Groen et al,, 1952; Vallance-Owen
and Hurlock, 1951) or to a non-specific effect of plasma
protein (Park and Bornstein, 1958). In support of the former
view it has been shown that plasma from depancreatized
animals is devoid of msulin activity unless the animals are
treated with insulin and that the insulin activity of normal
human plasma, like that of insulin, is abolished by treatment
with cystemne (Groen e! al, 1952; Randle, 1954, 1956b;
Vallance-Owen and Hurlock, 1954). Park and Bornstemn find
that, although plasma from alloxan-diabetic rats is devoid of
insulin activity, plasma from alloxan-diabetic hypophysecto-
mized rats possesses normal msulin activity. They attribute
the low activity of plasma from alloxan-diabetic rats to an
inhibitor, which is not present in the plasma of alloxan-
diabetic hypophysectomized rats. They have further shown
that a 3 per cent solution of crystalline bovine serum albumin
is capable of stimulating the uptake of glucose by diaphragm
and that the inhibitor (present in alloxan-diabetic Tat plasma}
is capable of preventing or reducing the stimulating eﬁ'gct
upon glucose uptake both of serum albumin and of insulin.
It may be inferred from these observations that the low
insulin activity of plasma from diabetic animals may res_ult
from the activity of an mhibitor which prevents a non-specific
effect of plasma protein and not from the low insulin content
of the plasma. Randle (1954b) and Randle and Young (1950)
have observed that samples of plasma from cases of panh.ypo-
pituitarism and from hypophysectomized rats do not stimu-
late the uptake of glucose by diaphragm. Since plasma f{'om
cases of panhypopituitanism and from hypophysectomlzed
rats did not stimulate glucose uptake, it was concluded that



INsuLIN IN Broop 129

insulin-like action of plasma from normal animals was unlikely
to be due to a non-speeific effect of plasma protein; since it
was to be expected that plasma from hypopitwtary animals
would be free from inhibitors of glucose uptake (Randle,
1934b; 1955). More recent observations presented here suggest
that the lack of an insulin-like action of plasma from hypo-
physectomized rats upen glucose uptake is also due to the
presence in the plasma of a factor which nhibits glucose
uptake and so masks the stimulating effect of the plasma.
The evidence presented here would thus suggest that the
stimulating action of plasma on glucose uptake results at least
1n part from s non-specific effect of plasma protein. Neverthe-
less the ewidence is not conclusive, for crystalline serum
albumin and diabetic serum might contain sufficient insulin

Table V

INFLUENCE OF OVALBUMIN, AMANDIN AND CRUDE RAT SERUM ALBUMIV
IN Y1780 UPON THE DPTAKE OF GLUCOSE BY THE ISOLATED RAT DIAPHRAGM

= Guucoss uptake, mean
ert- . of mean
ape addon o Aok b Signifiance of diference
No diaphragmihr. ¢ fmeans
incubation
1| None 8314038 (a) |(d—a) P<002>001
Ovalbumin | 2953028 (5) |(d—b) P<001>0 001
Amandin 3613020 () |(d-c) P<005>002
Crude serum | 5 12 £ 0 54 (d) other P 50 05
albumin
2 | None 8004017 () |(b—a) P<002>0 01
Ovalbumin | 411Z£020 (%) |(c—a) P<0 0150 001
Amandin 4333033 () {(d-b) P<0 0150 001
Crudeserim | 579X 042 (d) |(d—c) P<0 0550 02
albumin
3 | None 1634008 (a) |(d—a) P<O02>0 01
Ovalbumin 181 +0 08 (b) {d—b) P<0 050 02
Amandin 167010 (c) {d~c) P<0 05>0 02
Crude serum | 2-31 X 0 23 (d) other P > 0 03
albumin

Each mean was denved from 6 observations
Proteins were prepared and tested as 1 5 per cent solutions,
BLOOD—§
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to account for their stimulating activity. Thus a contamin-
ation of serum albumin with 1 part of insulin to 108 parts of
serum albumin would be sufficient to account for its stimulat-
ing activity. In view of this we have recently tested for stimu-
lating activity two proteins which should be free of insulin—
amandin, a erystalline globulin obtained from almonds, and
crystalline ovalbumin. The proteins were tested as a 15 per
cent solution in Gey’s balanced salt solution and compared
with 2 15 per eent solution of crude rat serum albumin. In
one of three experiments a small but nevertheless significant
stimulation of glucose uptake was observed with amandin
and ovalbumin. Crude rat serum albumin was, however,
effective in stimulating glucose uptake n all experiments and
exerted 2 substantially greater effect than the other proteins
(Table V).

In the case of assays based upon blood sugar response the
possibility that substances in plasma, other than insuln,
might exert an hypoglycaemic effect does not appear to have
been considered.

General Conclusions

In the present state of knowledge of the subject of msulin
in blood, it would appear that although there are now avail-
able a number of highly sensitive methods for the assay of
insulin, there is no method of assay which can be satisfactonly
applied to the msulin content of untreated plasma. Thus the
development of a method for the specific assay of msulin in
blood plasma involves either the development of a more
specific method of bioassay or the development of methods for
the extraction of insulin from plasma, prior to assay. The
recent report by Beigelman and collaborators (1956a, b) upon
the insulin activity. of plasma protein fractions would appear
to offer interesting possibilities in this connection. Amongst
biological responses to insulin which do not appear to have
been used for bioassay, the glucose uptake of the perfused
isolated heart appears promismg (Bleehan and Fisher, 1954-.).

The results which have been obtained with methods which
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are generally conceded to be of doubtful specificity suggest
that the insulin content of normal human plasma is of the
order of 01 to 10 mu. insulin/ml. plasma. The insulin content
of the blood appears to be lower in fasting animals than in
animals fed with glucose. The plasma insulin content appears
also to be increased 1n cases of spontaneouns hypoglycaemia in
man associated with -cell tumours of the pancreatic islets, in
cases of acromegaly, and in cats and dogs following treatment
with pituitary growth hormone. The insulin content of plasma
from diabetic patients and animals seems uncertain, since the
P of insulin ant ists in plasma from such animals
may prevent the assay of insulin 1n the plasma.
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DISCUSSION

Vallance-Owen* Thrs question of the antagonism to wsulin 11 plasma
bas been exercising us for some time. We have used undiluied plasms
throughout because we feit that we were dealng with a delieate situation
of insulm on the one hand and its antagonists on the other, and that we

} would be ing the effective msulin n e
first noticed the antagonism o insulin n our study of diabetic patients.

We were particularly interested in the two broad chinseal types of
diabetics—those who need insulm to hive, without which they ramdly
lose weight and become ketotie; and those who do not need insulin and
who have no tendency to ketosts unless their duzbetes 13 compheated by
snfection. These patients are usually obese and often recover from the
diabetic state when they lose weight on o low carbohydeate dret, Al I
+will say about these mud obese patients 1s that we have found msulit
netivity 1o ther plasma, essentially i the normal range

Fovever, when we came to study the uncontrolied msulin-requinag
diabeties, but who were not necessanly ketotie, we found ne nswubn
sctivity in their plasma, and moreoves when we added insulm to ":;
plasma from these patients its activity was inhibited, These paklerlx)
Wwere having up to but usually Jess than 300 u, msulin daily, and ths by
Jefimtion 15 not insulin resistance; they .showcd no allergic rc:wtxum_-
Perhaps more important, several new patients were exanuned who su




Discussiox 183

Table I summarizes the results we have obtained The mean glucose

Table I (Vallance-Owen)

Mean glucose uplake above the level of dia-
phragm wn buffer alone (S E ML) mg. per
100 mi per 10 mg. diaphragm
Group and (No.)
Bufer Plasma

ansuline | Tlasmaalone | b

Normatl (7) 12 634+0-74 6 60+0-73 | 13 3340 82
Depancreatized (9) 11 73%0-50 | 05710 48| § 190 47
Depan. hypox (3) 11 6050 68 [ 0 2030-09 | 11 1030 75
Depan. hypot+F (3) 11 5550 74| 0 1430 52 | 12 2550 63
Depan hypov.+GH(4) | 11 33%0-85 | 0 2870 52 | 11 0531 03
Depan adrex. (3) 12 5330 27 | © 8131 03 | 13 22X0 81
Depan. adrex +E or F(3) | 11 5260 64 |—0 500 59 [ 2 5741 02
Depan adrex+GH (3) 11 8010 78 |—0 50+0 58 | 11 6040 82

* Insulfu was added to make 1000 gz per ml bufer or plasma

JRISESEN I

B S I R GV U

make 2 final nenoantratinn af 00w it
.

Tr e pnen oF i danmnn
el .

DA I

. Now we have found that if cortisone or cortisol was injected for 4 days
into these Long-Lukens anmmals we could restore the mhibiting proper-
ties to thewr plasma (line 7), but when we injected the same dose of
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us, Tam afraid, to carry out the final combination of growth hormone and
cortisone in the Houssay animal, However, our conclusions are that the
pituitary and adrenal oxysteroids must be present for insulin antagon-
1sm to be found in the plasma from depancreatized eats.

Randle: Dr. Vallance-Owen’s results strengthen the idea, first put
forward by Bornstein and Park, that a substance capable of inhibiting
the action of msulin on the glucose uptake of the isclated rat diaphragm
in vitro is found in the serum of diabetic animals, but only when both
growth hormone and an adrenal steroid are available. We do not know
yet whether this 1s formed from or under the mfluence of growth hor-
mone Dr. Vallan‘ce-Owcn’s results introduce one diserepancy. “Bom-

much the same kind of scale as Dr. Randle with a simular lack of success

animals we used. However, we went on to use varous other colontes of
rats, and in an additional 84 expermments, we found very significant
increases in glucose uptake produced by quantities of msuli of the order
of 10-* u /ml. Out of those 84 expeniments, som’e}hi{xg l:ke 57 were

. N
& x 10-5; the index of i was1-87. We that, certdiny
:;n iu\‘ expenence, it was impossible to get an accurate assay. We also
carried out many experiments with plasma
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CATU LiIEse ANOMAIOUS ZIUCUSE UPLAKES we Tell LS 10 Le Unsausiactory
and have abandoned this techmique  Certanly with our own animals, we
would need to use such large numbers to obtamn a valid assay that it
would be mpossible for the department to cope.

I have had an opportunity of seeing Dr. Randle’s figures, and there is
no doubt that hus index of precision and his slopes are very much better
than ours. Ihaven't seen i detail the results of Dr. Vallance-Owen, but
1 just do feel this discrepancy between the results in the normal indi-
vidual might be due to this varation in slope and the fact that not enough.
animals are used,

Thd Dr Randle and Dr, Vallance-Owen also have bad days when the
slope was zero and if so what did they do? 1 have been in touch mith
another laboratory that has had a similar experence to ours, namely,
first of all they had insensttive animals, and then when they got sensitive
animals there wasn't much difference between the effects of 10~ and
10-6 u, msuln
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think that this discrepancy is in any way connected with errors of the

piasma

Gray: X feel farrly sure that there 1s a strawn difference snd we have
Just been unfucky with our rats, but there are. as you say, quite a num-
ber of other places where they have not had any luck either,

Vallance-Owen: Well, we carned the method over to Dr. Lukens and
Dr. Stadie, and using the American rats found that the slopes of the
hines were similar to those achieved in Hammersmuth, Several workers
from various faboratores eame to study the method and I have beard
from them subsequently. They say that although it teok them a month
ot two to iron out the gimimicks they are now getting satisfactory hines.

Gray: Even when the gunmicks have been ironed out, do they get bad

days?

Valtance-Owen: That 1 don’t know,

Gray How many diaphragms do you use?

Vallance-Chpen: Three or four for each pomt.

Gray- And for plasma?

Vallance-Gieen  Yes, The other point is that swe take good care to
ensure that the anweals are of the same weight and sex for any one
expenment. . ..
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methods of assay rather than m obtaimng results which are difficult to
interpret. We have studied insulin activity wn the period before the
LA R S .. b 5

response. There was no'sxgmﬂcnn; deviation from hinearity with this

[
are allowed to use any transformation to give a straight line.
Diczfalusy: I have seen a Japanese report on male sex hormone assays
fVoen Tin Muninhs Tamanl s and Wocnln ror T ol

Astwood 1 wonder though, if you plotted 1 & more consentional
manner whether you coutdn’t pick a range which might give parallel
responses

experments that A was equal to 0 354 which, to be absolutely on a cube
root basis, would have to be 0 333, but from this figure we feel that the
son we use is




FACTORS INFLUENCING THE LEVEL OF ACTH
IN THE BLOOD*

GEORGE Savenst

Depariment of Physiotogy, Western Reserve Umversity Srhool of Medicne,
Cleveland, Okia

InvesTigaTioN of the factors which influence the level of
ACTH in the blood must include the determination of (1) the
rate of excretion, (2} the rate of degradation, and (3) the rate
of elaboration of the hormone. No detectable quantities of
ACTH activity appear in the urine of rat (Richards and Sayers,
1951) or of man (Sayers ¢f al., 1949) following the intravenous
adwministration of the hormone. A degradation product of the
hormone may be excreted by the kidney, but no sigmificont
amount of biological activity is lost by this route. The very
short half-life of endogenous ACTH, namely one minute
(Sydnor and Sayers, 1953), indicates that the hormane is
rapidly degraded in the body. Five minutes after the intra-
venous injection of ACTH no detectable activity was found
in the liver. Less than J/500th of the mjected dose could
be recovered from the adrenals. On the other hand, the
kidneys accumulated one-fifth of the material and it would
appear that renal tissue has a relatively high affinity for
ACTH.

Selective accumulation i kidney and degradation at un-
known sites resnlt in a very brief sojourn of ACTH in the blood.
Unfortunately, we have no information as to the possible
effects of stressful stimuli on the factors which determine the
rate of dissppeatance of ACTH from the blood. Our attention
has been directed towards the pituitsry for the elucdation of

bt 1 cametg feam tha Amernean Cancer SO0IRtY on Tecommendaton of

. . e oer

A
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the mechanisms whereby stressful stimuli increase the con-
centration of ACTH m the blood. The present communication
1s concerned in particular with neural mechanisms for regula-
tion of release of ACTH from the adenohypophysis.

A relatively simple techmque has been employed for the
determination of the concentration of ACTH in the blood
(Fig. 1). The left adrenal 1s removed from a hypophysecto-
mized test rat for ascorbic acid analysis. Four ml. blood are

HrPox ADRENEX
=waer | REMOVE LEFT =
\ "~ ADRENAL /A‘
O 2 WITHDRAW 40 ml ®
i~ Yo~ eLoD IN 203 N (f"
( \!' 3 INJECT 40ml,

+— BLOOD IN 20 sec i
aone Hour LaTER 1O O

/ \ REMOVE RIGHT
"

b ADRENAL

™
\ gy i wac v AoR

é\w

BLOOD ACTH IS PROPORTIONAL TO
ADRENAL ASCORBIC ACID DEPLETION.

Fic 1. Method for the determmanon of the concentration
of ACTH 1n hloo

drawn from the abdominal aorta of a donor rat in approxi-
mately 20 seconds and rapidly transferred to the hypophy-
sectomized recipient One hour later the right adrenal is
removed from the recipient rat for ascorbie acid analysis.
The quantity of ACTH 1n the 4 ml. blood from the donor
rat 1s proportional to the depletion of adrenal ascorbic
acid,

Ether anaesthesia induces a rapid and marked merease in
blood ACTH 1n adrenalectormzed rats. The non-stressed or
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IwvesTicaTION of the factors which influence the level of
ACTH 1in the blood must melude the determunation of (2) the
rate of excretion, (2) the rate of degradation, and (3) the rate
of claboration of the hormone. No detectable quantities of
ACTH activity appear in the urine of rat {Richards and Sayers,
1951) or of man (Sayers &f al., 1849) following the jntravenous
admunistration of the hormone. A degradation product of the
horraone may be excreted by the kidney, but na significant
amount of biologieal activity 1s lost by this route. The very
short half-hfe of endogenous ACTH, namely one minute
(Sydnor and Sayers, 1953), wdicates that the hormone 5
rapidly degraded in the body. Five mmutes after the intra-
venous mjectron of ACTH no detectable activity was found
in the liver. Less than 1/500th of the injected dose could
be recovered from the adrenals. On the other hand, the
Kidneys accumulated one-fifth of the material and 1t would
appear that rensl issue has a relatively high affimty for
ACTH.

Selective accumulation n kidney and degradation at un-
known sites result in a very brief sojourn of ACTH in the blood.
Unfortunately, we have no information as to the possible
effects of stressful strmuli on the factors which determine the
rate of disappearance of ACTH from the blood. Our attention
has been directed towards the pitwitary for the elucidation of
» Arded by grants from the American Cancer Socsety on recommendation of
the Gommtiz o8 ot o e 8 the meeting, i FaDet
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In contrast to ether, pentobarbital (4 mg./100 g. body
weight) did not elevate blood ACTH. Pentobarbital may
actually reduce the “resting” level of hormone in the blood.

Pitressin was injected intravenously at a constant rate
{0-2 u./fmin.) mto adrenalectomized rats under pentobarbital
anaesthesia. Blood ACTH was markedly elevated at 5 and at
15 minutes, but approached “resting” levels at 80 minutes
of continuous njection of Pitressin (Table I1T). The pituitary

Table IIT

Broan ACTH ArTER PitaEssiy (0 2 UJMIN , 1V ) IN ANAESTHETIZED
(SODIUM PENTOBARBITAL) ADRCNALECTOMIZED RATS

Tume after Ascorbre and
Treatment beginning No rats depletion induced
of tmpecton by & ml. blood
mn
Anaesthesia only 7 124 7
Pitressn 5 8 134 4 9
Pitressia 15 8 12 4+ 14
Pitressin 30 s 58 49
* Mean £ S E

response to Pitressin as well as to ether continuously apphed
1s charactenized by an “ exertatory ” and a “regressive” phase,

Pitressin induced a sigmficant increase in blood ACTH 1n
intact rats, but the rise was much less marked than in adrenal-
ectormized rats.

Section through the brain stem at the upper level of pons
abolishes the excitatory phase of the pitwitary response to
ether and to Pitressin (Table IV). Sham decerebrate animals
exhibited a normal “resting” level of blood ACTH, and they
displayed the usual marked elevation in hormone titre when
exposed to ether or when mjected with Pitressin. The “rest-
mng” level of ACTH in the decerebrate ammal 70 to 200
mnutes after section of the brain stem was not significantly
different from that in sham-decerebrate rats, and this level
was not appreciably increased by ether or by Pitressin,
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resting level of ACTH 1 the blood (0 min. in Table I) was
obtained as follows. The rat was handled gently and a neck
clamp applied which stopped the flow of blood from the head

‘Table I
Broop ACTH IN ADRENALLCTOMIZED RATS DURING ETHER ANAESTHESIA
Duration of ether Ascorbic acid depletion
anaesthesia No, rats wnduced by + ml blood
mn,
o 9 42 + 9%
2 21 109 + 6
5 10 1N7+8
15 8 63 12
20 a7 416
60 8 1239
* Mean £ SE

to the trunk. This precluded a contribution by the adeno-
hypophysis to the ACTH 1n the trunk during the collection
of the sample from the abdominal aorta. At 2 and 5 minutes
of ether anaesthesia blood ACTH was markedly elevated.
After 15 minutes the level had declined, and after 80 minutes
of ether anaesthesia the concentration of ACTH in the blood
was the same as the pre-stress value.

ACTH was not detectable mn the blood of the intact rat,
either non-stressed or anaesthetized with ether (Table ).

Table It
Broop ACTH IN INTACT RATS DURING ETIER ANAESTHESIA
Duration of ether Ascorbic acid depletion
anaesthesia No. rats anduced by 4 ml. bload
min.
o 1 64 0%
2 18 —2%9
5 10 -1 x8
15 7 439
50 14 —1837
* Mean + S.E

However, in an earher study (Sydnor and Sayers, 1954) in
which pooled samples of blood were processed by the oxy-
cellulose technique, a2 small but sigmficant increas.e n the
Jevel of blood ACTH was demonstrated to occur in intact
rats under ether anaesthesia for 5 minutes.
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were dealing with a hypothalarme neurchumor which induces
ACTH discharge. For this reason the following studies were
carried out.

The hypothalamie tissue was exeised from calf brains at the
slaughterhouse. The tissue included median eminence and
ventral hypothalamus as far caudal as the mammillary body
and was cut at a depth of about 5 mun. The tissue was frozen

‘Table V.

Broop ACTH AFTER EPINEPHRINE AND RYPOTHALAMIC EXTRACTS IN
DECEREBRATE ADRENALECTOMIZED RATS

Ascorbic acvd depletion tnduced
by 4 ml. blood
Sham Decerebrate Decerebrate
S5m0 IN-HCIm 0 B per — 29 + 16 (10)
cent NaCl
Ether—2 mun. 116 + 6(9) 29 + 11 (13)
Pitressin—5 u. 148 + 13 (18) 45 4 10 (11)
Epinephrine—I10 pg, — 105 + 10 (8)
Norepmephnne—10 pg. — 82 & 15 (7)
Cerebral cortex—0+1N-HCL 105 + 7(7) 56 L 6(6)
extract
ME No.1. 0 In-HCI extract — 158 + 13 (9)
of ventral hypothalamus

1n dry 1ce and brought to the laboratory where it was extracted
with 0-18-HCL in 2 Wanng blendor and centrifuged. The
supernatant was highly toxic, Heating for 10 minutes at
100°C before centrifugation resulted 1n an extract which was
well tolerated by the ammals. Two ml. extract equivalent to
one ventral hypothalamus was injected into a saphenous vein
over 5 minutes A neck clamp was applied at the end of the
njection period and 4 ml. blood was drawn from the abdo-
minal aorta for ACTH analysis.

A small quantity of ACTH activity was present 1n extracts
of ventral hypothalamus. In order to establish the presence
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Table IV

Brooo ACTH AFTER ETHER AND PITRESSIN 1N DECEREBRATE
ADRENALLCTOMIZUD RATS

Persod o Ascorbie and
Treatment ,,p,m,”, No. rats deplefion
or anjection tnduced by
v 4 ml. blood
mun.
Sham decerebration 6 24 £ 6%
Sham decerebration—0 g 5 4 149
per cent NaCl, .p
Sham decerebration—ether 2 9 116 46
Sham decerebration—5 u, 5 13 148 £ 13
Pitressin, Lp,
Decerebration 4 11420
Decerebration—5 mil, 5 10 29 4 16
0 15-HClin 5-9 per cent
Na(l, Lv.
Decerebration—~—ether 2 13 29 4+ 11
Decerebration—~5 u, 5 11 45 + 10
Pitressin, Lp.
N
¢ Mean + S B,

These expemments indicate that neither ether nor Pitressin
acts directly on the hypothalamus or the pituitary. The
receptors and the neural pathways which subserve these
noxious agents m their stimulatory action on the pituitary
are unknown. Experimental studies of Porter (1952) and of
Wilson and co-workers (1956) support the thesis that deaffer-
entation of the hypothal s abolishes the resg of the
pituitary to certain noxious stimuli. However, certain agents
act to induce ACTH discharge at a level in the brain rostral
to the pons. Epinephrine and extracts of the ventral hyPo-
thalamus increase blood ACTH 1n the decerebrate rat (section
at upper level of pons) (Table V). Norepmephrine may be less
active than epinephrine, and extracts of cerebral cortex
(weight of tissue extracted equivalent to that of ventral
hypothalamus) had Iittle if any activity. .

The finding that extracts of ventral hypothalamus induced
ACTH discharge in the decerebrate rat suggested that we
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extracts (ME No. 5 and ME No. 6) were devoid of activity.
The active factor may not be extracted at neutral pH or it
may be destroyed, for example, by proteolysis. Oxyeellulose
was added to an acetic acid extract and an active fraction
was eluted with 0-1x-HCl (ME No. 7). Activity remained
after lyophilization (ME No. 7a). The results suggest that we
are dealing with a basic polypeptide. Obviously, no defimtive
statement can be made about the chemical nature of the
factor at this stage of develor t of the experi tal work.

Now we would hke to return to a consideration of the
“regressive” phase of the response of the pituitary to Pitressin
or ether. The regressive phase of the response of the pitwitary
to ether or to Pitressin 1s not due to cardiovascular collapse
or to exhaustion of pituitary stores of ACTH. The content
of ACTH in the pituitanes of rats during the regressive phase
is, 1f anything, slightly ligher than that of controls, as
determined by direct assay of the glands. Further, the blood
pressure and rectal temperature are normal at this time.
The phenomenon may be explamed on the basis of tolerance
of the ammal to the noxious agents. As the animal develops
resistance the excitation of the pitwitary lessens. Alter-
natively, an element of the neural mechanism concerned with
enhancement of pituitary ACTH activity may exlubit adapta-
tion.

Expenimental work 1n other laboratories has uncovered a
biphasic response to noxious agents and extremes of the
environment For example, Briggs and Munson {1955) have
demonstrated that morphine imtially induces excitation of
the adenohypophysis, followed by a period m which the drug
may actually block the effects of other noxious strmuli.
Exposure of dogs to an extremely cold environment {— 50°
or — 75°C) was associated with an imtial rise followed by a
decrease 1n the adrenal output of 17-hydroxycorticosteroids
(Egdahl and Richards, 1956).

I adaptation occurs, 1t does not involve that segment of the
neural mechanism which represents a final common path
(pons to hypothalamus to adenohypophysis?) for all noxious
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of a factor in the extract which induced release of ACTH from
the pituitary of the decerebrate rat, comparison was made of
the ACTH content of blood from adrenalectomized decere-
brate rats with blood from adrenalectomized hypophysecto-
mized rats injected in 1dentical fashion with extract of the
ventral hypothalamus. Such a comparison 1s presented in
Table VI. Three hydrochloric acid extracts (ME No. 1, ME

Table VI

Broon ACTI AITLR HYPOTHALAMIC EXTRACTS IN DECEREBRATE
AND 1IN HYPOPI

RATS

Ascorbic acrd deplenon tnduced
by 4 ml blood
decerebrate kypophiysectomed
MENo 1. 0'1N-HCI extract 158 + 13 (9) 62 4 16 (4)
of ventral hypothalamus
ME No. 2. Same as No 1 172 (183, 206, 178) 83 2 20 (6}
ME No. 3. Sameas No I 144 £ 12 (5) 2 (-22, 4,23}
ME No 4 0 2N acetic acid 126 + 15 (7) 314 9(6)
extract of ventral hypothal-
amus
ME No. 5. Neutral salne ex- 35+ 5(6) —
tract of ventral hypothala-
mus, room temperature
ME No. 6. Neutral saline ex- 48 4 8(6) —
tract of ventral hypothala-
mus, 4°!
MENo.7. Oxycellulose eluate 109 &+ 15(7) 29 + 21 (5)
acetic acid extract of ven-
tral hypothalamus
ME No.7a. MENo 7 111 4 25 (4) —
Iyophulized

No. 2, and ME No. 3) induced a sigmficantly higher level of
'ACTH in the blood of adrenalectomized decercbrate rats than
in the blood of adrenalectomized hypophysectomized I:atS,
and we mterpret this to mean that these extracts contained
a substance which excited the pitwitary to release ACTH.
An acetic acid extract (ME No. 4) was also active. Neutral
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stimuli. Adaptation must eccur in elements of separate paths
which subserve various categories of noxious stimuli and
which are located distal to the final common path. Pitressin
injected between the 36th and 35th minute of ether anaesthesia
will induce a marked increase in blood ACTH (Table VII).

Table VII

Broop ACTH v 4 RATS TO TWo NOXIOUS
STIMULI APPLIED IN SEQULNCL

Ascorbic ecd depletion

Treaiment No. raty ‘induced by 4 ml. blood
Ether for 30 min. 47 414+ 6
Pitressin 1.p.—wait 5 min. 13 122 +£15
Ether for 85 min, 15 138 + 11

Pitressin L.V, injected
from 20th to 85th mn.

Pitressin 1 p.—wart 30 mn 8 6+ 2

Ether for 2 mun, 21 109 & 6

Patressin i.p-~—wait 30 mn. [ 116 4+ 18
—ether for 2 mm.

Histamane Lp.—wait 5 mn. 9 133 £ 16

Ether for 85 mun. 12 54 4 14

Histarine 1.v_mjected
from 30th to 85th mn,

L i

Adaptation to ether obviously does not interfere with the
response to Pitressin. The two noxious stimuli may 'be
presented in reverse sequence. Ether for two minutes starting
30 minutes after the intraperitoneal injection of 5 u. Prtressin
induced a marked increase in blaod ACTH. Pitressin does
not block the response to ether.

However, ether does block the response to histamine.
Histamine admimstered intravenously between the 30th and
the 85th minute of ether anaesthesia did not increase bl‘o.od
ACTH. The results suggest that ether and histamine utilize
in common at least one segment of a neural pathway distal to

the final common path.
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is vequired before we can present an adequate explanation
for the nature of the blocking effect of one noxious stimulus
on another.
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The pituitary response to certain noxious stimuh is biphasic.
An inttial “excitatory” phase 15 associated with a rapid and
marked elevation of blood ACTH, and 1s followed by a
“regressive” phase during which the level of ACTH in the
blood returns to the pre-stimulus level despite continuous
action of the noxious agent.

The *excitatory” phase of the response to ether and to
Pitressin can be abolished by high pontine section. Vaso-
pressin (antiduretic hormone) or a contaminant of vaso-
pressin in commercial Pitressin does not act directly on the
hypothalamus or the adenohypophysis to induce ACTH
discharge. The evidence presented here does not support the
thesis that vasopressin 1s the neurohumor elaborated by the
median eminence to regulate pituitary ACTH activity.

Epmephrine and acid extracts of the ventral hypothalamus
elevate blood ACTH 1n adrenalectomized decerebrate rats.
These agents appear to act rostral to the pons, We must
await the development of a more specific assay object before
the sigmficance of these findings to prtuitary control can be
established.

The prompt discharge of ACTH in response to a noxious
stimulus may rep one ifestation of a generalized
reaction of the hypothalamus. Supraoptic nucle, autonomic
centres, and centres concerned with pituitary activation
(ACTH) may all join in an indiscnminate response to a
noxious agent.

The “regressive’” phase of the response of the pituitary
to noxious stimuli may be a consequence of the acqusttion of
tolerance on the part of the amimal or 1t may represent an
adaptation of a segment of certain neural pathways concerned
with excitation of the adenohypophysis. We have speculated
on the blocking action exhibited by certain noxious agents
which are themselves excitatory 1n the early period of their
action on the piturtary. It has been suggested that a noxious
agent will block another 1f they wtilize o common segment of

a neural pathway which unv?ergoes adaption. It 1s obvious
that more detailed information about the neural pathways
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period of partial depletion during which detectable amounts
of ascorbic acid are present in the adrenal (Prunty and
Clayton, 1955) and a *‘terminal period” which includes the
few days immediately prior to death of the animal, when the
adrenal is completely depleted of the vitammn. This period is
marked by the appearance of haemorrhages in the gums and
intestine. Death can then be predicted to occur within two
days. In the terminal phase the adrenal cortex is hyper-
trophied, but this can be reversed by admimstration of
cortisone or ascorbic acid. There 1s also a rise 1 urinary
k ids and } steroids, panied by a big
increase in plasma cortisol.

Various observers have reported a fall in urinary keto-
steroids 1n scurvy {see Bacchus, 1954}, and we have observed
it 1n patients (Prunty and Clayton, 1953). It can readily be
observed during scurvy which is allowed to develop more
slowly by administering 2 mg. ascorbic acid every fourth day
to guinea pigs (Clayton, Mills and Prunty, 195%). In most
acute experiments using complete deprivation of ascorbie acid
the fall can be picked up in the early period, but occasionally
this may not oecur or be missed (Fig. 2). It is therefore impor-
tant in assessing the adrenal response to take careful account
of the sevenity of the condition at the time of observation.
Others have found inereased corticoids 1n blood and urine in
severe scurvy (Done et al., 1953; Nadel and Burstein, 1956).
The latter authors also found evidence in the adrenal of
unusual cortisol synthesis from acetate. That much frec
steroid, largely cortisol, 1s excreted in normal guinea pig urine
in response to corticotrophin has been found by us, this
fraction representing 70 per cent of the ketogenic steroids.
Bursten and Dorfman (1954) found = preponderance of
cortisol and 68-hydroxycortisal in the urine of these animals,
We, therefore, believe that the terminal scorbutie period is
one 1n which considerable activation of the pitnitary-adrenal
system occurs. On the other hand, Bacchus (1954) has
advanced the view that there 1s n failure of the system under
these conditions, and the amount of hormone secreted is




EXPERIMENTS ON THE LEVEL OF
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PrevIous work in our laboratory has mdicated that experi-
mental scurvy in the guinea pig is associated with greatly
os
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Fic. 1. Changes mn adrenal weight, ketosterord
and Letogemc steroid excretion and plasma
cortisol In acute geUrvy in guihea pigs.

increased adrenal cortical activity. In Fig. 1, the evolution of
the scorbutic state has been divided into two phases, an early
150
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of the blood corticotrophin in these scorbutic animals. In the
experimental procedure guinea pig serum has been used
(Armitage, Clayton and Hammant, 1957) and the assays were
carried out 1n rats with slight modifications of the Sayers
naethod (Clayton and Prunty, 1951). In addition to these,
animals weighing up to 160 g. have been used, and those ani-
mals rejected in the assay i which the difference in weight
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Fic. 3. Ttesponse given by gumnea pig serum from scorbutic
ammals in the Sayers test.

between the two adrenal glands exceeded 2 mg., since this is
found to contribute to the occurrence of aberrant results,
Fig. 8 shows the regression calculated to fit observations on
laboratory standard corticotrophin in normal guinea pig serum
which itself contains no activity, and observations on the
serum of male guinea pigs allowed to develop scurvy for
23 deys. The guinea pigs weighed 350 to 450 g. and were
fed on the diet of Harris and Ray (1932). Animals of this
particular size normally die at the 25th or 26th day.

MThe conrhidie comim 1o ackirmarad +m mmcence 40 5 cxee e o1
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reduced. The question has also been raised concerning the
specificity of the response in scurvy. That the response is not
due merely to the severe appetite loss of the animals 15 shown
in Fig. 2, where comparison of the steroid excretion with that
of pair-fed controls 1s made. In the pair-fed animals the keto-
genic steroids did not rise and the increase of ketosteroids was
smaller. It may further be argued that the pre-mortal cond-
tion of the scorbutic animals is alone sufficient to cause the

FOOD INTAKE
356/PIG/DAY 3 TG

SCURVY

"1 !

0 DAY [ 20

MG/PIG/DAY

047 |NANITION (CONTROL)

M 17 KETOSTEROID 4.,

M 17 KETOGENIC n
STEROID 0

0 DAY 10 20

6 ANIMALS PER GROUP

Fic, 2. of k and Kk steroids m the
urine of guinea pigs with acute scurvy and of pair-fed controls.

observed rise in hormone level. Sandberg and co-workers
(1956) have shown that in dymg patients there is a sharp pre-
terminal rise in plasma 17-hydroxycorticoids, but this was
largely due to failure of metabohsm of free cortisol which in
turn is less readily cleared by the human kidney. It w?uld
therefore seem that the conditions differ from those described
here where there is a rise of both blood level and rate of

excretion.
For these reasons it has become important to study the level
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steroids were given in two doses of 10 mg., 24 hours and 1-5
hours before assay of corticotrophin. In addition to cortisol,

40
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A& Lack ONDAY 25  CONTROLS TO
®
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Fia. 4, Absence of detectable corticotrophtn in serum of pair-fed controls
ta scorbutc animals and of serum of the latter ansmals given ascorbic
acid {see text).
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¥ic 5 Suppression of cortrcotrophin with corticonds.

cortisone and desoxycorticosterone acetate were both effec-
tive. Progesterone, oestradiol benzoateand testosterone did not
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serum (fiducial limits 0-84-82), The largest dose of serum
whieh it is practicable to admnister to rats s 2 ml., and hence
the points fall at the lower end of the standard curve,

In considering the vahdity of the data on single pomt obser-
vations it is caleulated that if P == 005, a single dose assay
with 4 rats will detect 0-6 mu. corticotrophin, with an ascorbie
acid depletion of 60 mg./100 g. adrenal tissue. This is half the
level of sensitivity found by Sayers and his group using &
simifar number of assay animals, and we are therefore certsin
of being unable to detect levels below 0+3 mu., corresponding
to a mimmal serum level of 15 mu./100 ml.

To substantiate the validity of this contention the following
may be cited. A patient with rheumatoid arthritis received
duning 24 hours an mtravenous mfusion of 100 i.u. eortico-
trophin. Allowing the libers] half-life of five minutes (Sayers,
1955; Sydnor and Sayers, 1953) this would give a plasma level
of 14 mu./100 ml. Two ml, of the plasma at the termination of
the infusion gave an ascorbic acid depletion of 70 15
my./100 g, suggesting a plasma concentration of about 30
my./100 ml. On the other hand, we have been unahle to
detect corticotrophin 1n the plasma of rats adrenalectomized
7 to 10 days previously and maintained on glucose-saline.
Carticotrophin levels about 3 mu./100 ml. rat blood have been
reported after adrenalectomy in rats (Sydnor and Sayers,
1854).

In the scorbutic guinea pig the high level of corticortophinis
depressed to undetectable levels by the administration of
“saturating” amounts of ascorbie acid on the 23rd day (1 £
orally, 1 g. sodium ascorbate intraperitoneally), given 1 . 3
hours before killing (Fig. 4). Pair-fed controls to the scorbutic
animals show no activity. We have previously found that
20 mg. ascorbic acid given on the 25th day of vitamin deple-

Lo st ot v iteettafgo reduce

aw detect-

L . ' d in this

. i 10 mg. subcutaneously 24 hours before killing,
exper:ment.f‘:as~ g .= Tesesn ;..,f,m Litine. The other
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To test the effect of ascorbic acid given in excess of normal
amounts to animals which had not been depleted of the

PTUTANY AoRENAL
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acm [
uencoy

o

ESOAY  oaSLS  2ITAY  TIOA  puREO
scwayr  SED  SCURYY SCURVY  fEO | Stumyy

CONTRIS  + A& coNT A
Fic 8, Pitutary and adrenal content of ascorbie acad

vitamin preliminary observations have been made (Fig. 9}
Guinea pigs were adrenalectomized and maintamed on 12-5
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¥io 9. Farlure of ascorbic actd to suppress ihe appearauce of corti-
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mg. of cortisone daily for the first tnwo weeks after the oper-
ation, and 12§ mg. 4 times weckly if they have been adrenal-
ectormzed for a longer period. Two ml. guinea pig serum
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reduce corticotrophin below detectable amounts (Fig. 6). In
the scorbutic guinea pigs the pituitary glands contain cortico-
trophin in amounts comparable with those of normal animals

BEL 45
AA DEPLETION
Lok} M RAT 100,
M3/I00G
NO RATS -5 T [ 0
NO GUIN PIOS— [ 3 3
° SCURVY SoURVY acurvy scunvy
TREATMENT o PROG. OEST. TESTOST

¥16. 6. Failure to suppress corticotrophin wath oestradiol, proges-
terone and testosterone.

PITUITARY ACTH

160
ASCORBIC
ACID
DEPLETION
L=-R
MG/100G
40

Vo0 NoRMAL Ys0 scomBUTIC
GP. PIT. GP PIT

Fsc, 7. Swmilar piturtary corticotrophun content of normal
and scorbutic guinea pig pituitaries.

(Fig. 7), but the concentration of ascorbic acid has d§creased
to undetectable amounts, as 1t has in the adrenal (Fig. 8).
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Heiffer and Altszuler (1952) noted that ascorbic acid blocked
the eosinopenie response to adrenaline; Bacchus, Altszuler and
Heiffer (1952) found a synergism between ascorbic acid and
corticoid efTects on peripheral blood cells, and gluconeogenesis.
Most important perhaps are the many experiments illustrating
a depressive effect of ascorbic acid on the mortahty of cold
stress in both anmmals requiring dietary ascorbre acid and in
those synthesizing therr own (Dugal and Therien, 1949 ;
Booker et al., 1955). Indeed the presence of the adrenal seems
to be necessary for this response, and would be compatible
with a synergistic effect of the vitarmn and cortical hormone
on pituitary secretion. Such an argument 15 favoured by the
preliminary results, here desenibed, on the lack of effects of
ascorbic acid on the corticotrophin in adrenalectomized guinea
pgs. Tt is noteworthy that in these ammals some time must
elapse after cortisone withdrawal before large amounts of
corticotrophin appear 1n the blood. This is remimscent of the
difficulty of detecting plasma corticotrophin in patients with
the adrenogenital syndrome after cessation of cortisone treat-
ment (Sydnor et al., 1953).

There still, however, remains the problem of the non-specific
pre-mortal condition of our animals 1n severe scurvy. Reasons
have already been mentioned for thinking that the pre-
mortal conditions observed in man by Sandberg and co-
workers (1956) produce effects of a different character from
those 1n the scorbutic guinea pigs. We have attempted to
produce a measurable increase of corticotrophin by the
administration of carbon tetrachloride over a 6-day pertod to
6 intact male gumea pigs. These ammals were not deprived
of ascorbic acid, and although monbund at the time of killing
the serum corticotrophin was undetectable, the ascorbic acid
depletion in 5 test rats bemg —82 mg./100 g. In spite of these
difficulties, Nadel and Burstein (1956) have been able to
produce significantly increased secretion of cortical and
related steroids 1n guinea pigs with acute experimental Ieuk-
aema. It would therefore be safest to assume for the present
that the overall effects seen in acute scurvy could be accounted
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were injected 1nto each of at least 4 test rats. It seems that
after cortisone withdrawal several days must elapse before
detectable quantities of corticotrophin appear in the serum.
Corticotrophin was still detectable at 23 days after withdrawal
of cortisone when 2 g. ascorbic acid was given orally 1-5 hours
before killing.

Discussion

According to the computation of Sayers (1955) a level of
40 mu./100 ml. for corticotrophin in the serum of scorbutic
guinea pigs would appear to be a maximal one, and expected
to produce ntense stimulation of the adrenal cortex, The
weight of evidence that the cortex is so stimulated has alread‘y
been considered above, and 1t must therefore be that scurvy Is
acting as a severe stress in which there 1s a balanced elevation
of plasma corticoid and corticotrophin, the major stimulus to
the pitmtary arriving perhaps by the neurotropic route
(Sayers, 1950). It would be expected that further elevation
of the peripheral corticoid by the administration of suitgble
substances, of which cortisol, cortisone and desoxycort}cc-
sterone were given in large doses, would depress the cortico-
trophin secretion. The point of special interest is whether
ascorbic acid deprivation is in any way specific in the obscrved
responses, other than merely responsible for the production of
a severe stress Experiments using pair-feeding alone do not
settle this problem, for after 20 days animals so fed are in a
better condition than the corresponding scurvy animals.
Evidence exists suggesting some specific effects of ascorbic
acid on the pitwmitary adrenal system. Stepto and .collabomtors
(1952) considered that a risc in the guinea pig pituitary 'content
of corticotrophin occurred as a result of ascorbic acid ep-
letion. This rise scems to be too small to be detectable in
our experiments. The short time of 15 hours elapsing bet\w'ee:il
the administration of ascorbic acid to scorbutic animals ‘al}\ﬂ
the depression of the corticotrophin in ‘the serum mlfl "
suggest a direct action of the ascorbic acid rather thnnhus
complete abolition of the “stresses” of scurvy. Bacchus,
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DISCUSSION
Harris- 1 have many questions I should like to ask Dr. Iiarr.ell‘, after

of adrenal sterotds 1n inhibiting ACTH secretion were at & reticular
system level, then Joss of consciousness might be expected to follow.
T wonder if you have any views on a possible relationship betsween your
results and the brain stem reticular formation

Farrell: T know that Sayers has entertained the possibility that the
reticular system may play some part i this phenomenon, Spinal section
at the level of, T think, Cs to C, does not sbolish the response to ether,
One may speculate that the stimulating agent acts directly on the
reticular formation  On the other hand, section of the 5th nerve which
was a consequence of the brain stem section results m the interruption
of many afferent pathways from the oral mucosa Failure of ether to
excite the prtmtary may have simply been due to blocking the wntant

effect of hypothalamie lesions on the action of the extract, or have you
tried direct micro-injection of the extract into the pitwitary gland to see
if that would elicit a response?

Farrell, No, the group is very actively attempting to estabhsh specific
hypothalamme lesions, which would, for example, prevent the effect of
epiephrine,

Harris; We were unable to block the action of adrenaline 1n rabbits
by pituitary stalk section (Fortier, C , Harns, G. W., and McDonald,
L R (1057). J. Physiol., m press), but of course there 1s a discrepancy
1n the results recorded n the literature on this point. There are two
groups; those workers who find the action of adrenaline 1s blocked by
median emunence lesions, and those who find it 13 not blocked by
pitwtary stalk section or pituitary transplantation. One would expect the

Farrell* Yes.

Harnis* Have you tried extracting the posterior pitwitary gland as
differentiated from the median eminence to see 1f the same method of
extraction gives an active extract?

Farrell> The neurohypophysts does indeed yreld an active extract when
assayed m the amumal with intact bram stem, But as far as I know

BL00D—8
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for by the acute stress invoked. Our experiments in the main
have not enhanced the evidence for a direct effect of ascorbic
acid on the pituitary-adrenal system, but have given addi-
tional support to the view that both the pituitary and adrenal
cortex are capable of greatly mereased activity in the absence
of this mystifying substance.

Whilst the use of untreated serum with our colony of rats
15 sufficient to show the presence of corticotrophin under
extreme conditions, its Jack of sensitivity indicates the import-
ance of concentrating the hormone before assay as suggested
by Sydnor and Sayers (1952).
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Astrood- This was a suspension, wasn’t it? Probably a depdt effect.

Prunty- No, 1t was given orally. .
Samuels Of course there will be 2 period of‘ absorptton.

Farrell* X ly, we have no d I data on
ammals which would clanfy the problem as to the duration of the
inhibitory nfluence of corticosteroids on the functional activity of the
adenchypophysts or the adrenal cortex.

Samuels. I think the figure of about 1 week is a good figure for return
to normal output. This does not mean that completely normal mazximal
response has been restored. We found that normal maximal response
eould be restored 1n even less timef the ACTH 1nfusion test is repeatedly
run on the individual. But of course this involves repeated stimulation
of the adrenal with ACTH, so that one could not say that this was the
rate at which 1t would have returned if no external influence had been
imposed upon the adrenals, There seems to be a considerable variation
n the rate of return to normal levels After stopping corticosterord
treatment all normal subjects show a dip to quite low levels Some of
these will return to normal levels in 48 hours, others in 72 hours, and
others longer. This 1s now mnot testing whether they can respond
maximally to stimulus.

Bush, Dr. Farrell, you found that ether would block your response
to histamine and you therefore that the
might be common to the two agents. Did you try the reverse exper-
ment to see whether the effect of ether was blocked by prior admums-
tration of histamine?

Farrell No, I haven’t tried that.

Bush Because there 15 quite a possibility that they may be acting
by different perrpheral receptors or even by different central effects, and
until you have done the converse experiment you cannot really say
that the peripheral receptors were the same 1n the two.

The other question 1 wanted to ask was: 1t appears a lttle strange to
me, perhaps Dr Vogt can give much better figures on this question, but
you found that your ether response was blocked by decerebration
Swhereas your adrenal response was not ‘The general experience m small
ammals of this type is that ether anaesthesia causes a very considerable
release of 1 whether you consi the possible
conflict between these results?

Farrell T can see that would add a complication. However, you will
recall that wert d on animals
50 that release of epmephrine from the adrenal medulla did not compl-
cate the picture,

Bush I see, you have done this in adrenalectorzed rats

Farrell Yes Ether induced ACTH release n the absence of the
adrenal medulla

ush- I think one very important area as far as man is concerned was
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1t has not been assayed in the decerebrate animal; as I see it the pomt
A Tn b acener o 1 dmnceabnd o el T8 Snet pyrnpTlam b mssmemnrinn

pheral levels these continued at high levels over the entirc period of
observation, some 4 hours, falling slowly towards the end. I think at
that time we deduced that both n the human, where this picture m the

peripheral eireulation was observed and we could make some nssocin!iag
e pA bt i ¢ PR S

I think that Prof. Prunty’s evidence indicates that reduced hepatic
funetion could not be a major factor here because he has good evidence
of the increase In ACTH, which I am sure also occurs in the tefmmal

- e e v e s B e EFEPT Y]

quite Tow,
: ad, if you
ery much

Aestlielie buL aumime T VI
?x:\creesssed, something of the order of 10-15 mu /100 ml. .
Prunty: Does anyone have any information as to how Iong.corllw-m-’
or cortisol would suppress the sccretion of ACTII? From this data it

look as though it may go on for some time
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Samuels: Yes.

pointed out, comes in here

Samuels- Yes, that is true. It could be explamned on that basis. The
later has no relationshup with the type of anaesthetic while the early
changes are related to the type of anaesthetic. Ether, of course, being
quite defimtely a stimulus,

Fogt- As far as thus question of ether is concerned, 1t 1s practically
answered by what Dr_ Farrell has said, the amount of sympathommetic
ammes which would be released by ether in the adrenalectomized
animal 15 not likely to be sufficient to produce any release of ACTII, so
that 1n those animals the ether must act by some other mechamism, in
the intact animal the picture 15 more complicated and the effect of
relcased adrenaline cannot be neglected.

Dr Farrell, concermmng the Pitressin, do you know which preparation
was wsed and how pure it was® And whether du Vigneand's pure
Pitressin would give the same effect, or whether another polypeptide
from the posterior Iobe 1s responsible®

Drmepll WWlo mndd dhon mo o= fond b ookl _E - 3 W '

m the decerebrate lesions antmal, one was épinephrine and the other
was the extract, I wonder if by any chance what Dr Sayers may be
A P i B - H .m2

you give the n the ? )
Farrell. Yes
Togt Then I thmk it 15 too hittle for producing an effect I think 1t
may be one of these polypeptides which 1s responsible.
Savard- Coming back to the point of the nise in plasma corticosteroids




164 Discusston

Jeft out of the diagram and that is the influence of higher centres. Our
experience, measuring both blood steroids and the output of steroids
in the urine, is entirely parallel with that of Dr. G. . Thorn, in that
emotional stimulation 15 the only mode that can be relied upon 1 man
to produce a really consrderable increase in plasma steroids or the out-
put of urinary steroids. If one looks carefully through the hterature of
results that have been obtained 1n experimental animals (if one allows
them an emotional life of their own) and in man undergomg physical
stresses, one cannot exclude the effect of unpleasant emotions Ve have
failed to stimulate the normal adrenal cortex by cold exposure or excr-
cise Emotional tension, however, such as an interview for a jo!
which meant i family uph 1, or sitting for inations,
produced enormous increases i unmary steroid output, The actual
figures were in the middle range for cases of moderate to severe Cushing's
syndrome in our expertence.

I think this is a very striking feature of the adrenal cortex in man,
and so far all those stimul: which we regard as elassical stimuli of the
pitwtary-adrenal system, namely physical stresses of one hind or
another, do not seem to stimulate adrenocortieal secretion in man,
whereas emotional stimuli do. .

Farrell- Certamly, emotional stimuli are able to increase the activity
of the pituitary-adrenal system. Wouldn't you think that jt would be
rather surprising 1f 1t was not true, since many of the vegetative func-
tions are affected by emotions? For example, e know that functions
such gs respiration, blood pressure and heart-rate are affected by the
emotions. These are controlled by the medulla, yet are obviously
s Toer mhanamans acieone hiall s 4ha cacbay Sp it would ot be

' esponds in much

. - . [ what you might
think would be the pathway by which this response 1s set off?

. . . , R
foweser vaguely, that what We call the higher centres are mvolved.
But I don't know whether there have been studies in lobotomized or
leucotomized patients. .

Samtels: 1 don’t know of any. I would say that, in those studies
which were done on the surgical patients, the later rise »Yhich thd;d ,t-‘:-
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Introduction

TuE measurement of cireulating levels of the protemn and
polypeptide hormones is beset with many pitfalls. In the ab-
sence of specific chemieal procedures, only biological methods
of assay are appheable to this problem.- Xt would seem essen-
tial that the specifieity of any bioassay procedure must be
Tigdly established before it can be employed in the detection
and estimation of the minute amounts of hormonal material
normally present in the body fluids, And yet, the fact that this
condition has probably never been realized has not particu-
larly discouraged such investigations.

In addition to problems of specifiaity, the possibility of
“masking” or potentiation of hormonal activity must be
evaluated seriously., This 15 particularly true when the con-
centration of a *trace” substance 1s being measured in a
medium containing relatively enormous amounts of related
substances; for example, protein hormones in the presence of
blood proteins. Moreover, when purification or concentration
methods are employed, the prospect that hormonal activity
has been lost or altered must be considered. Fimnally, the
recovery of exogenously-added (even homologous) hormone
cannot @ priori be considered a rehable indicator for the
behaviour of the endogenous matenal.

Tl ot ek oo e 3 3% - . P .
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may not always agree with measurements based upon cortico-
steroid release in vivo (cf. Liddle et al., 1954) or in vitro
{Birmingham et al., 1956), there appears to be no justification
at the present time for assuming that the ascorbic acid assay
15 at fault (cf. Stack-Dunne and Young, 1954).

During the past few years, two additional sensitive pro-
cedures for the estimation of ACTH have made their appear-
ance. Both methods depend upon the stimulation of cortico-
steroid release, but thh this difference: the first procedurc

ion into the adrenal vein in the
hypophysectom\zed dog (Nelson and Hume, 1955), the second,
corticosteroid secretion by rat adrenal hssue in vitro (cf.
Saffran and Schally, 1855a). The in vivo technique has some-
what less sensitivity than the ascorbic acid assay (i.e., about
1'0 mu. ACTH) and yields values for circulating ACTH
{Nelson and Hume, 1955) comparable to those obtained by the
latter procedure (ef. Gemzell et ol , 1951; Sydnor and Sayers,
1952, 1954). The in vitro assay appears to have a sensitivity
comparable to that of the in vive method. However, 1t has
been reported (Saffran and Schally, 19556; Birmingham et al.,
1956) to yield values for the concentration of ACTH 1n the rat
pitwitary far in excess of those found using the ascorbic acid
assay (Burns et al., 1949; Gemzell ef al,, 1951; Sydnor and
Sayers, 1954). The in vitro method has not previously been
apphed to the measurement of blood ACTH, nor has its
specificity been thoroughly investigated. The present report
includes such studies. It will be demonstrated below that the
in vitre corticosterord-release procedure for the assay of ACTIT
15 highly non-specifie, since proteins or protein-bound sub-
stances other than ACTH are capable of stimulating this
release. In addition, evidence is presented that the rat adrenal
gland in vitro may be markedly responsive to rat ACTH and
much less responsive to ACTH from other sources,

‘Whenever possible, results obtamed by the wn witro tech-
nique have been compared with those obtained in this or other
laboratories employmg the hypophysectomized rat for the
assay of ACTH and measuring the adrenal ascorbic acid
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Ideally, a bioassay technique should measure a direct effect
of the hormone studied and, preferably, that effect which 1s
presumed to be the primary action of the hormone. To date, 1t
has been 1mpossible to agree upon a primary action for any
hormone and it is not always as clear as it should be what
constitutes a “direct effect”, To illustrate from the problem
at hand: it may be argued that the stimulation of cortico-
steroid release by the adrenal gland reflects a direct action
of ACTH, whereas adrenal ascorbic acid decline under these
circumstances may be an indirect action (cf. Nelson and Hume,
1955; Birmingham et al., 1956). However, these conclusions
no longer seem secure in view of the recent observation that
ACTH-stimulated secretion of ascorbic acid into the adrenal
venous effluent of the rat precedes the release of corticosterone
(Slusher and Roberts, 1956). Incidentally, the latter mvesti-
gators demonstrated that the ascorbic acid lost from the rat
adrenal during enhanced adrenocortical activity could be
quantitatively recovered in the adrenal venous effluent.

A number of assay procedures have been developed for the
estimation of ACTH activity. We shall not be concerned here
with those methods which obviously measure secondary
responses of the orgamsm to elevated circulating cortico-
steroids. The limitations of these techniques (for example
thymus atrophy, eosinopenia, ete.) are too well known to
require t. The ma or repair of adrenal size
in hypophysectomized animals can also be dismissed as inap-
pheable to the measurement of minute amounts of eirculating
ACTH, even if other considerations did not make these
criteria unreliable (cf. Stack-Dunne and Young, 1954). The
adrenal ascorbic acid response to ACTH, discovered and
developed by Sayers and Long and their collaborators (ef.
Long, 1946; Sayers and Sayers, 1948), has generally been
considered the most reliable and sensitive asszy procedure
available when properly employed. A significant response
can be elicited in the hypophysectomized rat 1 day 'ﬂfm‘
operation with 0-2 mu. ACTH (cf. Sayers, Sayers and Wood-
bury, 1948). Although results obtained by this procedure
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fied ACTH on corticosteroid release by rat adrenal tissue in
vitro yielded results largely confirmatory of those obtained
by the McGill group and deseribed brefly above. Some of
these data are depicted in Fig. 1. Male Sprague-Dawley rats
from our own breeding colony were used mn the assays. The
animals weighed 120 to 180 g. Fig. 1 and succeeding charts
depict the release of *“TOTAL" methylene chloride soluble
matenial absorbing maximally at 240 mg. and of substances

the a-ketol side-chain (giving a blue colour with
blue tetrazolum) and exhibiting the chromatographic
behaviour of “B” and “DOC™" on filter paper. Attention has
been drawn 1n the present investigations to the latter two sub-
stances, h as they d for appr ely 80 to
90 per cent of the extra a-ketohe steroids released by the rat
adrenal 1n response to the presence of ACTH and other strmu-
latory substances in the mcubation medium (vide infra).
Similarly, compounds “B” and “DOC” comprised at least
70 per cent of the extra ultraviolet-absorbing material released
under such ecireumstances, Quotation marks have been
retamed around “B”, “DOC” and “TOTAL” steroids, since
rigid identification of these substances has not been attempted.
In fact, the materal labelled “B” may i reality be 11-epi-
cortlcosterone (cf. Eisenstem, 1956), Other steroids were

q ly noted m the b medsa, but almost always
m smaller quantities than “B” and “DOC”. Especally
notable were substances having the chromatographie, spectro-
photometric, and staining charactenstics of Compounds F,
E, A, and S.

All materials assayed for corticosteroid-releasing capacity in
witro were mcubated 1n tripheate with the equivalent of two
(quartered) rat adrenal glands. The pre-incubation and 1ncu-
bation periods were conducted precisely as described by
Saffran and Schally (1955a). The methylene chloride extracts
of the incubation media in the three similar flasks, after
ultraviolet analysts, were routmely combined and subjected
to quantitative chromatography. The extracts were evapor-
ated to dryness under with a bath

e below
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response (Sayers, Sayers and Woodbury, 1048) or cortico-
steroid release into the adrenal venous efffuent (Bush, 1052,
1953; Smger and Stack-Dunne, 1955, Beigelman ¢t al., 1956}
Corticosterord release m the hypophysectomized rat appeared
to have approximately the same sensitivity to ACTH as the
ascorbie acid response, but was not as readily quantitated
{Slusher and Roberts, unpublished).

Brief Description of Technique

Cortrcosterord release in rifro by sat adrenal tissue has been
developed as a method of assay for ACTH by Saffran and his
co-workers at MeGill (of. also, McKerns and Nordstrand,
1955). This procedure has been employed for the measure-
ment of ACTH 1n the rat adenobypophysis (Bitmingham ¢
al., 1956} and for the recognition of ACTH-releasing factors in
neurchypophystal (Saffran, Schally and Benfey, 1955 »nd
hypothalamic (Saffran and Seb~¥-- ;- *
tially, theve 7
measure .
in meth v tuasimally in the vdtre
violet at | .. up. Steroids poseacere~ T L N
and non-et~~- T T '
of thes - ° . ot luaort and
Schally, . " . ..ueasmg amounts of purified ACTH
added to the ineubation medium {c. 1-0 to 80 mu. US.D.
Corticotrophun Reference Standard} the log, dose-response
curve followed a straight hine. The MeGill workers, employing
paper chromatographic separation of the steroids released to
the medium, reported that a-ketolic steroids (gving o purple
colour with the substituted tetrazolium reagent, M. and B.
1767) P ing the chromatographic wmobilities of cortisol
(F), corticosterone (B), and I11-desoxycorticosterone [pOC)
normally comprised about 50 per cent of the total ultraviolet-
absorbing material (Elliott and Schally, 1955). Under t'hc
influence of purilfied ACTH, mamly “B* secretion was in®
creased. .

Studies ecarrie

a out 1n our laboratories on the effect of puri-
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steroid followed a log. dose-response relationship in this range
(cf. also, Saffran and Schally, 1955a; McKerns and Nord-
strand, 1955). “DOC” release appeared to be unrelated to the
amount of ACTH present, and represented a very minor

ACTH, USP {mu}

STEROID RELEASED (pg/FLASK)

Fic. 1. The mfluence of punified corticotro-
phn {USP Reference Standard) on the
Telease of corticosterouds by rat adrenal tissue
1 vitro.

(e

portion of the “TOTAL” figure. In the presence of eruder
ACTH preparations (vide infra), “DOC” made up an appre-
ciably larger proportion of the total steroids released.
Dilute acid (0-1n-HCI) extracts of the rat adenohypophysis
{method of Sydnor and Sayers, 1954), after neutralization with
bicarbonate buffer, were extremely active in promoting the
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40°C, and then punfied by partitioning between 70 per cent
ethanal and petroleum ether. The ethanol solution was
distilled to near dryness (under mitrogen) and the residue then
taken up m ethyl acetate-methancl (1 : 1) for appheati
pipetting to filter paper (of. Bush, 1952; Singer and Stack-
Dunne 1955). Quantitation of the mdividual a-ketolic steroids,
after chromatographie separation on Whatman No, 1 filter
paper emplaying the toluene/methanolfwater ( 4:3:1) system
of Bush (1952}, was accomplished by spraymg the filter paper
with blue tetrazolium, eluting each spot with 2 ml, ethyt
acetate-methanol (7 : 8), and reading the optical density of the
eluates at 565 mp. in the spectrophotometer (cf. Touchst
and Hsu, 1955), The rehabihty of these procedures, as apphed
to the measurement of corticosterone 1 rat adrenal venous
effluent, has been desertbed earlier (Baigelman ef al, 1936}
Recovery of sterord standards added to the ineubation mediz
was close to 100 per cent. Standards of compounds B and
DOC were run on each chromatogram at levels of 5 and 10pg.
and the colour values employed for the estimation of these
sterords mn the assay Basks, “TOTAL® sterowd values were
ealculated from the ultraviolet absorption of the methylene
chlonde extracts (cf, Saffran and Schally, 1956) compared
with that of corticosterone standards in the same solvent.
The latter caleulations are subject to error as @ result of
quantitative differences m the ultraviolet absorption of B and
other steroids present in the mcubation media. In some
instances, this error may have been appreciable (e 10 t0
15 per cent), since the major other stercid whieh nppem‘ed
to be present (DOC) has spectrophotometyic characteristics
which are sigmificantly different from B (EHiott ef al,
1954).

Corticosteroid-releasing Activity in Pituitary
Extracts
The release of “ B” in vitro was roughly proportionat to the
amount of purificd ACTH added between doses of 25 nnﬁ
10 mon, (Fig. 1). On the other hand, the release of *TOTAL
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amount of steroid released during a 2-hour period over and
above the value obtained when adrenals were incubated in
buffer without additives. In the presence of pitwitary extracts
(Fig. 2), large amounts of both “B™ and “DOC” were
released; the combined value for these two steroids approxi-
mated to the level of “TOTAL" steroid release. The release
of “B” appeared to be a better measure of ACTH activity
than the release of “DOC” or “TOTAL" steroid, masmuch
as the apparent loss of ACTH 1n sample II stored at room
temperature (IL O) was more obviously reflected in a decline
m “B7-releasing activity than in “DOC”-releasing activity
{see also similar data on serum 1n Fig. 8). Since “TOTAL”
steroid values included variable and large amounts of “DOC”,
it seemed dangerous to depend upon the former as a measure
of ACTH activity.

Caleulation of the ACTH content of the rat pituitary gland
from “TOTAL” steroid or “B” release (Fig. 2) gave values
approximating 1 1u. per gland (Table I). Birmingham and
co-workers (1956) have recently published similar data,
although these investigators claimed that glacial acetic acid
was more effective than dilute (0-01x) HCl i extracting
ACTH from the rat adenohypophysis. Using 0-18-HCI as
onginally recommended by Sydnor and Sayers (1854%), we did
not find this to be the case as long as equivalent volumes of
extraction flmd and thorough h were employ
The above values (c. 1 1.u. per gland) were 10 to 20 times those
reported by Burns and co-workers (1949), Gemzell and colla-
v ey g s v e JAONN P

similar to those reported by the latter investigators were
obtained when rat pituitary extracts were assayed by measur-
ing adrenal ascorbic acid dechine and corticosteroid release in
vive 1n hypophysectorized rats. In contrast, purified ACTH-
protein (Li, Evans and Simpson, 1948) obtained from sheep
pitmtary was equally effective by both the in viwo and in
vitro assays (Table 1}, Sheep a-corticotrophun (L ef al., 10855)
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release of steroids by the rat adrenal gland in vitre (Fig. 2}
Prtuitary glands were obtained from adult male Sprague-
Dawley rats under light Nembutal (pentobarbital sodium)

|

RAT AP EXTRACTS (1100)

£
T

“ToTaw

QL fug /FLASK)

w

STEROID RELEASED MINUS CONTR

Fra, 2 Thewmfos- ~ .

fresh . ey U one
whie . wuu meen alfowed to remarn for 2 days

anaesthesia. The animals weiphad 2ans- 77 o |
o=t . .
s ! ) ‘.

t . ' e same neutralized extract as
11, allowed to remain at room temperature for 2 days. This

and succeeding charts depict (in contrast to Fig. 1) only the
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(vide infra). This non-specificity appears to be especially
great where the ACTH present constitutes but a small fraction
of the total protein in the sample. The explanation for the
somewhat reduced activity of sheep a-corticotrophin in vitro
was not immediately apparent, partieularly m view of the fact
that oxycellulose processing of rat and hog ACTH did not
seem to alter the original in vitro activity of these materials
(vide infra) However, the latter conclusion was not firmly
established from the results obtained. It is possible that
ACTH peptide must be inked to protemn {perhaps homologous
and specific protein) for its full action (vide infra; cf. also,
Ingle and Li, 1952).

15 the iderable lack of specificity of the in vitro procedure

Corticosteroid-releasing Activity in Blood

Assays of rat blood preparations revealed that corticosteroid
release by rat adrenal tissue in vilro was markedly stimulated
by protein or protein-bound substances other than ACTH.
All blood samples were obtamed from male Sprague-Dawley
rats (from our own breeding colony), weighing 200 to 300 g.
Light Nembutal (pentobarbital sodium) anaesthesia was
employed for the exsangumnation procedure. Sera obtained
from normal, hypophysectomized, and adrenalectomized rats
were all equally effective in evoking the release of “B”,
“DOC” and “TOTAL” steroxds (Fig. 8). Plasma produced
equivalent results (Table I). Compared with U.S.P. standards,
ACTH-like activity in rat plasma or serum varied between
2 4 to 2-9 1u.f100 ml. (Table I), no difference being noted
among the three groups of animals studied. Storage of normal
rat serum at room temperature for 2 days (Fig. 8; NO) was
without substantial effect on “DOC” or “TOTAL” steroid
release, but eradicated the *“B”-secretory respomse. This
procedure presumably resulted in the inactivation of blood
ACTH (Pincus, Hechter and Hopkins, 1952) and, also, in the
denaturation and sphitting of other protein complexes. It will
be noted (Fig. 3) that rat serum stimulated a greater release of
“DOC* than of “B”, that the two steroids together accounted
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Table 1

Boop axp prreiTary ACTH-LIRE acTivirysf

Methad of aray
“Ter4AL”
e b
Maleral Amount | O Dﬂ}z’;”’l’md ’lm'
jt;: ﬂ;z release | depletson
U.S.P, equivalents (1)
a-Corticotrophun (L1) 1 my. o 17 @ 13
ACTH-Protein (Li) 1 mg, 19 (2 {18 (2 z
Rat antenior patantary dgland } 12 (8 {11 () o1
Intact rat blood 100 ml, 0100001
Plasma 26 (i2s (D)
Serum 29 (5 ]25 (5
Oxycel (plasma) 023 (2) {0-04 (2)
Hypow. rat blood (¥ week) | 100 mL o
Serum 28 (33125 {8
Oxyeel (plasma) 029 {3) jo {3}
Adrx, at blood {2 weeks) | 200 ml. o0-0t
erum 27 (8) |25 (6)
Oxyeel {plasma) 025 (3) {014 (3)
Adrx, cat serum woml. fos ior @ 001
Bovine plasma 100mh | 0 mio 4 o

* The pumber «f separate aeseys o vitre 1o shown tn parentheses folfowlag the averas
walues abtained
1 Al rat blood mamples were coliected from anfinals under Hght Nembutal apassthosis

was somewhat less active by the in vitro assuy than by the in
vive procedures, even when dissolved in rat serum immediately
prior to testing, Considered together, these observations sug-
gest that the rat adrenal gland in vifro may be markedly more
sensitive to rat ACTH than to ACTH from other sources.
In vivo, the rat adrenal gland does not appear to make this
differentiation, either with respect to the ascorbic acid response
or corticosterond release. If these deductions are correct, it is
apparent that the in vifre assay for rat ACTH agx.;inst hetero-
logous ACTH standards will necessarily yield amﬁFSnﬂy high
values. However, an additional factor contributing to the
high values for ACTH of rat origin under these circumstances
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and adrenalectomized rats removed about 90 per cent of the
capacity of these samples to stimulate “TOTAL” cortico-
steroid release in vitro (Table I). As was the case with the

RAT PLASMA OXYCEL {xQ8ml)

0! “TOTAL]

o

sl

STEROID RELEASED MINUS CONTROL (ug/FLASK)

ACTH IV {1TU/I00 GM)

o
I
=3
=]
<
=
i
G
|

Fic 4 The nfluence of oxycellulose-pur-
sfied preparations of varous rat plasmas on
the release of corbicosteroids by rat adrenal
tissue w1 vatro.

The effect is shown of adding to the incuba-
tion medium 0 2 ml. neutrahized oxycellulose
extracts equivalent to 0-8 ml. plasma obtained
from normal (N), hypophysectomuzed (H), or
adrenalectomuized (A) rais. The actwity of
similarly-treated plasma_from normal rats
injected with USP_ ACTH (1 1u./100 g)
and of plasma to which U.S P, ACTI
been added (5 14 /100 ml ) 15 also dep-cud
For comparison, the effect of 2 5 mu US P,
ACTH on * B" release 15 recorded  See text

for further explanation.

oniginal plasma samples, no differences were noted among the
three groups with respect either to *TOTAL” steroid release

r “DOC” release (Fig. 4). On the other hand, significant
d)fferences were observed in the relative abilities of these
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for 100 per cent of the extra steroid released (over and above
that released m the control flasks), and that, under such cr-
cumstances, measurement of “TOTAL” steroid release could
be completely misleading as an index of “B” release (cf.
results with sample NO). The unreliability even of “B”
release as a measure of ACTH was apparent from the fact that

- RAT SERUM (02 m1)

"ToTAL”

o
T

"Dog®

(9/FLASK}

N
:
g

STEROID RELEASED MINUS CONTROL
T

N[H[ANIS NNAI 5 'NHIA 5

Fic. 3 The mfluence of various rat sera on
the release of corticosterods by rat adrenal
tissue tn vilro.

f e e e fPeiticen mcmarma]

removed by the oxycellulose techmque of Astwood and ¢o-
workers (1951) as adapted by Sydnor and Sayers (1952). The
results obtained when this procedure was apphed to various
rat plasmas are summarnized in Fig. 4 and Table I. Oxyc.ellu'
lose treatment of plasma from normal, hypophysectomlzed,
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was obtained from these and other observations that hetero-
logous protemns may actually inhibit corticosteroid release by
rat adrenal tissue in ratro. If this be true, 1t further compli-
cates the use of an in vafro assay for the measurement of ACTH
in heterologous materials.

Localization of ACTH-like Activity in Plasma Protein
Fractions
The in vitro corticosterod-releasing activity of rat plasma
or serum was found to be quantitatively recovered in the
dialysed, lyophihized total protemns, indicating that the
active materials were protem or protem-bcund Actually,
1 mg. whole plasma protein prod a £
In attempts to localize this activity more specmcally ﬂnd to
separate the various types of adrenal-stimulating matenals
which appeared to be present, the cold ethanol fractionation
techmque (Roberts and Kelley, 1956) was appled to samples
of rat plasma. It was found that most of the i{n vutro cortico-
steroid-releasing activity of plasma obtained from normal,
hypophysectormized, or adrenalectormzed rats was concen-
trated 1n the - and y-globulin fractions Thus is shown for
adrenalectomized rat plasma in Fig 5. Actually, calculation
revealed that slmost all of the residual “ B”-releasing activity
remaining after cold ethanol fractionation was present in the
B-globulins (Table II), whereas “ DOC-rel g activity was
ted 1n the y-globulins. The albumin and «-globuli
fractions were remarkably poor in corticosterotd-releasing ac-
tivity in vitro. Obviously measurements of “TOTAL” cortico-
steroid release did not differentiate between the “B”- and
“DOC "-releasing functions of B- and y-globulin. Calculations
of ACTH.] ll]\e nctw:ty in the plasma proteins of hypophy-
d and ad: d rats based on these results
are presented mn Table II, where appropriate consideration
has been given to the relative amounts of the different protein
fractions present in the original plasma as judged by conven-
t1onal electrophoretic analysis. All of the “TOTAL™ cortico-
steroid-releasing activity could be recovered in the various
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preparations to evoke “B " release. Calculation of the ACTH-
like activity of plasma from the latter results gave values of
40, 0, and 140 mu. per 100 ml. for normal, hypophysectomized,
and adrenalectomized rats, respectively (Table I). The first
and last values were still 10 to 20 times (or more) greater than
those obtained employmng the adrenal ascorbic acid assay
(Gemzell et al., 1951; Sydnor and Sayers, 1952, 1954; Barrett
and Hodges, 1956). However, it will be recalled that this was
the same order of difference m the apparent sensitivity of the
rat adrenal gland ¢n vitro to pituitary ACTH of rat origin 25
contrasted with ACTH of other origin (vide supra). It would
appear, then, that the oxycellulose technique may remove the
majority of the non-specific materials in rat plasma which
stimulate “B” release in vitro.

Homologous blood preparations were apparently not exten-
sively tested in vitro by the McGill group. However, experi-
ments were cited in which citrated whole blood was employed
as the incubation medium with the resultant inhibition of
corticosterord release (Saffran and Baylss, 1958). Haynes,
Savard and Dorfman (1954) reported that citrated beef blood,
beef plasma, or phosphate buffer served equally well as media
for studying the action of ACTH on corticosteroidogenesis by
beef adrenal slices, and that bovine plasma fraction TII had
no effect on this process. In contrast, Hofmann and Davison
(1954) observed that heparmized rat blood stimulated the
output of corticosteroids by rat adrenal tissue in vitro. It may
be that large amounts of eitrate are toxic to adrenal tissue or,
by complete removal of calerum, may depress steroid release
even in the absence of ACTH (cf. however, Birmingham ef al.,
1958). In this connection, 1t should be noted that the present
studies were conducted with serum or plasma added to a cal-
cium-fortified incubation medium (cf. McKerns and Nord-

1 v

o mnnt

“sdrenalectomized cat serum, bovine plasma). The impressiot

t
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enough, albummn prepared from the plasma of adrenalecto-
mized rats, although substantially devoid of corticosteroid-
releasing activity in vitro (Fig. 5), was extremely active by the
in vivo assay procedures (Table IT), In fact, it appeared that

RAT PLASMA PROTEINS (6mg)
ADRENALECTOMIZED  »rrad
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Fic, 5. The wmfluence of plasma protemns from
adrenalectomized rats on the release of cortico-

&, “albumm; o, a-globuln, B, B-globuln,

B+, & mixture of 65 per cent B-globulm

and 85 per cent y-globulin. For comparison,

the effect of 5 mu U.S.P. ACTH on “B”
release 15 also depicted.

potentiation may have occurred, but this was not established.
It has previously been reported that corticotrophin A bound
to bovine albumin 1s more effective than the free hormone in
the adrenal ascorbic acid assay (Brown ef al., 1955).

The specifieity of the tn vivo ACTH assay methods em-
ployed appeared to be established by the fact that none of the
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‘Table I
ACTI-LIKE ACTIVITY IN RAT PLASMA PROTEIN FRACTIONS®
Method of assay
“TOTAL” | Compound | Ascorbic aug
corticosterord “Br depletion an:
Matenal release release corticosterone
n vrira} in vatrot | release in vivot
U.S.P, equiralents (1.u.) +or —
Hypox. rat plasma (1 week)
Oxycel extract 0 29 o
Total protein 220 205 -
Albummn [} a
a-Globulin 0.22 [ -
B-Globulin 108 083 -
y-Globulin 088 o -
Adrx, rat plasma (2 weeks)
Oxyrcel extract 025 014
Total protein 3-06 2 80 -
Albumin 0-45 [} +
a-Globult 0-46 o £
£-Globulin 0 o7 070 x
y-Globuln tor 0 07 -
Normal rat plasma
U.S.P. ACTH added (5 1.1,/
mL)
Oxycel extract 4-45 402
Total proten 9 82 938 +
Albumn 5 54 449 +
«-Globulin D 89 0-13 +
B-Globuhn 074 0-65 +
v-Globulin 0-90 0-04 +

plasma fractions. Only about 25 per cent of the *“B "-releasing
action present in the dried plasma could be recovered, and this
almost exclusively in -globulin, However, 1t should b.e noted
that assays of 10 ml. adrenalectomized rat plasma cgul»'nlen}s
of the @-globulin fraction by thc'nscorbic acid decline and in
givo corticosteroid-release techmque.s fm]eq to reveal mo]re
than a trace of ACTH gctivity in this fraction: Remarkably
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Sayers (1952), Sydnor (1955), and Parrott (1955) employing
the oxycel procedure and adrenal ascorbic acid assays. ACTH
added in vitro appeared 1n all of the plasma fractions on the
basis of the in vivo assay results (Table II). However, the in
vitro assay gave conflicting results. Thus, the added ACTH

RAT PLASMA PROTEINS {(6mg)
ACTH ADDED {5 1U/100 ML)

"ToTAL”

@
T

H
el |a]a|s|t]r

STEROID RELEASED MINUS CONTROL (uG/FLASK)

Alalettlp

Fic. 6 The mflyence of protems from normal
rat plasma to which US.P. ACTH had been
added on the release of corticosteroids by rat

adrenal tissue 1n nitro,

seemed to be localized almost exclusively in the albumin
fraction judging from the extra “B”-releasing activity of the
various plasma fractions (Fig. 6) over and above that found
i similar fractions prepared from normal, hypophysecto-
mized, or adrenalectomized rat plasma (cf. Fig. 5). Compar-
able data were obtained on plasma from amimals given ACTH
ntravenously 1 nunute before exsanguination (Fig. 7).

From the in vive assay results, it may be tentatively con-
cluded that endogenous circulating ACTH in the rat is
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plflsma protein fractions obtained from the hypophysecto-
mized rat possessed activity in these procedures. In contrast,
significant corticosteroid-releasing activity én vitro was found
in the '[3- and y-globulin fractions of plasma from hypophy-
sectomized rats (Table II). It may be concluded that the m
witro procedure is not only non-specifie, but, in addition, may
be msensitive to ACTH which is associated with relatively
large amounts of other proteins. It may be noted here that
}mman and bovine plasma protein fractions were completely
inactive in vitro. No attempt was made to determine whether
this imactivity was due to lack of sensitivity of the rat adrenal
to non-rat ACTH, to a “masking” effect, or to the presence
of heterologous protein, etc.

Experiments were also carried out on the recovery of US.P.
corticotrophin added to normal rat blood in vitro or injected
intravenously into normal rats. Attempts were made to
determine the localization of the exogenous ACTH in the
plasma protein fractions under these circumstances. In the
in vitro addition experiments, the equivalent of 5 i.u. ACTH
was added to 100 ml freshly-prepared rat plasma and
appropriate aliquots of the latter were immediately subjected
either to the oxycellulose punfication technique or to cold
ethanol fractionation. In the in vivo expermments, the equiva-
lent of 1 i.u. ACTH per 100 g. hody weight was injected into
normal rats via the saphenous vein and the ammals were
exsanguinated 1 minute later. The plasma was prepared
immediately and subjected to the oxycellulose and cold
ethanol fractionation techniques. The in vitro corticosteroid-
releasing activity of both oxycel preparations 1s shown in
Fig. 4 and that of the ethanol-fractionated plasma proteins in
Figs. 6 and 7. The results obtained after the wn vitro addition
of ACTH to plasma are summarized in terms of ACTH equiva-
lents in Table IL. It will be noted (Table II) that the oxyeel
preparation of plasma to which ACTH had been added in
vitre appeared to contain about 80 per cent of the added

as judged from “B7.releasing activity in vitro.

hormone,
ydnor and

Comparable recoveries bave been reported by S
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mones (e.g., thyroxine, oestrogen, thyrotrophin) may be
transported 1n association with one of the plasma proteins,
but when secreted in excessive quantities or introduced
exogenously tend to “spill over™ into association with other
plasma proteins (cf. Robbins, Petermann and Rall, 1955;
Roberts and Szego, 1953; Roberts and Leyey, unpublished).

Summary and Conclusions

Detailed studies have been carried out on the release of
corticosteroids by rat adrenal tissue in vitro (Saffran pro-
cedure) in response to various ACTH preparations and to
rat adenohypophysial extracts and blood fractions. The two
steroids released 1n largest quantities under almost all circum-
stances had the chromatographie, spectrophotometric, and
staining properties of corticosterone (“B™) and 11-desoxy-
corticosterone (*“DOC”). The release of “B” and of
“TOTAL” corticosteroids (absorbing maximally at 240 my.),
but not of “DOC”, was proportional to the amount of
purified ACTH added to the incubation medium.

Dilute acid extracts of rat adenchypophyses, assayed by the
Saffran technique, yielded ACTH values about fifteen times
greater than those obtained with the Sayers assay, emplcymg
m both proced ACTH ref t: ds of porcine or
sheep origin. Sheep ACTH-protein (Li) assayed identically
by both procedures; «-corticotrophin (Li) was somewhat less
effective by the Saffran techmque. These results suggested
that the release of corticosteroids by the rat adrenal gland
in vitro was markedly responsive to rat ACTH and much less
responsive to ACTH from other sources.

Rat plasma and serum samples were extremely actlve in
evoking the release of corti oids in vitro, App 1
equal amounts of “B” and “DOC” were secreted under these
circumstances., No differences were observed among sera or
plasma obtained from normal hypophysectomlzed and

d rats. Ap of the oxycellulose
techmque removed much of the *B”-releasing activity from
the blood of normal and adrenalectomized animals and all of
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transported mainly or exclusively in the albumin fraction of
the plasma proteins, Exogenous hormone also appears to
bind, in part, to the albumin but, when present in large
quantities, may bind to certain of the other plasma proteins.
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Fia, 7. The mfluence of plasma protemns

from rats injected intravenously with U.S.P.

ACTH on the release of corticosteroids by
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The equivalent of I Lu. UL.S.P ACTH per
100 g body weight was ingected intravenously
1 mynute before exsanguination, The plasma
was mpidly prepared and subjected to the
cold ethanol fractionation procedure. See text
and fegend to Fig 5 for further explanations

These interpretations must be made with caution, however,
since endogenous protein-bound ACTH was measured only
in the adrenalectomized Tat, where elevated circulating levels
were present. In addition, the exogenous ACTH was not of
Evidence has been accumulating in the literature

rat origin. h
normal ecircumstances various endogenous hor-

that under
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this activity from the blood of hypophysectomized rats. In
the former mstances, the ACTH-Iike activity remainng was
sull about fifteen times that reported using the ascorbie acid
assay, apparently duc, in part, to the differential sensitivity
of the rat adrenal in vitro to rat ACTH and to ACTH from
ather sources (assay standards).

The “B*-releasing activity of rat plasma was concentrated
in the @-globulins, whereas * DOC”-releasing activity was
located in y-globulin. No differences were observed in these
activities among fractions obtamed from normal, adrenalecto-
mized, or hypophysectormzed anmals, In contrast, U.S.P.
ACTH added to rat serum ¢n vitro or injected mtravenously
appeared almost exclusively in the albumin fraction, os
judged from “B”-releasing activity in vitro. Limited assays
of these various plasma protem fractions in the hypaphy-
sectomized yat (adrenal ascorbic acid decline nnd corti-
costeroid release into the adrenal venous effluent) revealed
no ACTH actwvity in plasma fractions of hypephysectomized
rats, endogenous activity n the albumin fraction of plasma
from adrenalectomized rats, and exogenous activity in nl} of
the plasma fractions. It 1s concluded that the in vitra cortico-
steroid-release assay for ACTH may be both non-sp.ccxﬁc
and non-responsive m the presence of interfering protein of
protemn-bound substances.
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the
Tood

oid:
However, st this pont T am rather inclined to think that these results

speaific surface-stimulating materials in rat plasma protem‘q “which
Tesult in steroid release

Togt. What is the ratio of cortisone to corticosterone which you
find?

Roberts After ACTH addition the ratio 1s probably about 1.10.
T St Al le ae Dt T wme abla Bt

w
Roberts- Presumably the adrenal gland 4r 12vo 15 normally exposed to
these ** ” an fore normal steroid secretion
is dependent upon their presence Calculation would probably reveal
that the amount of corticosteroid secreted an tifro under the most
favourable cireumstances does not exceed the best estimates of the
normal rate of secretion 21 T1vo.

Heller- Did T understand yau to say that the levels of true ACTH
were higher in the rat than in other species?

Roberts: No. I don’t believe that 1s the case However, 1t does appear
that the rat adrenal may be more sensitive to rat ACTH than to ACTH
of other ongmn,

Randle: How do the activities per mg. of non-specific protemn and

PR

corticosteroids from the adrenals of hypophysectomized dogs. Does this
procedure have the same limitations as those you have described for
Saffran’s method?

Roberis The techmque of Hume and Nelson, as you know, depends
on the release of 17-hydroxycorticosteroids into the adrenal venous
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DISCUSSION

Farrell 1 should like to hear Dr. Roberts comment on the beannd
of Tus findings to the non-speafiaity of the method What do you think
your findings mean with regard to the results of Saffran and his o0~
workers on ACTELreleasmg factors mn Pitressin or in ‘Typothalamic
material?

oberts. T beheve that any results obtamned by the it vitro ACTH
assay techmique must be re-evaluated i the ight of the p
As I have tried to point out proien or protem-bound sabstances other
than ACTH are capable of stimulating the release of corticosterods &
atro. We have also reason to believe that the release of ACTH by
prtwtary bissue 4 oifr can be induged nonspecsfically. 1t would sppear
therefore, that the mgmficance of the work on pitmmry-shmumm‘e'
factors using these procedures is m considerable doubt.

_ Sumuels Dr. Roberts, did you tey any detergents 1 this system
since 1t would be easy to have the type of result mdscated here Wf you
had some detexgent action on the surface of these quartered eells whie
would sumply release material from them? :

Foverts: No, we did not investigate the effects of detergeats i this
system X agree with you that many ether substances nuight have this
eftect. However, 1t should be recalled that as Little ns 1 mg at serem
protem 1n the presence of 2 rat adrenals ¢n vitro will sause & very sub-
stantial release of stevard

Pogt- In connection with Dr. Samuels' question, if I understand
rightly, these methods are not just estimating & release of
cowds, because a release would not account for the larg
found. There the detergent would not act by refeasuyz ¥
but would be bnngmng inte contact substrate and enzymes.

Roberts: You ave quite xight, Dr. Vogt. There 13 8 pu-mcuhahdﬂ

eriod which has been demonstrated to remove the msjor poTion of
the sterosds present 10t the adrenal tissue inttally.
rogt: One question which worries me a great deat js the release of
cortisone under those condittons because the hving rot does not ever
seesm to produce coTLISORS, not even when the quantities of carticosteranie
are very large ndecd, Now do you think that there 15 also s0me bte;! t
down of a barmer between an enzyme and & cubstrate wnoived? Whal

tustly find?



MORPHOLOGICAL CHANGES IN THE ADRENAL
CORTEX IN RELATION TO CONCENTRATION
OF STEROIDS IN ADRENAL VEIN BLOOD

Martne Voot
togical Laboratory, U ty of

Tris paper deals with information on the functional state
of the adrenal cortex which can be derived from the chemical
estimation of corticoids 1n adrenal vein blood. I shall confine
myself to experiments on the anaesthetized rat subjected to
the severe operative stress of a laparotomy and cannulation of
the left renal vein. Under these conditions, enough ACTH is
released from the anterior pitwitary to cause the maximal rate
of secretion obtainable from the adrenal cortices, This is
shown by the observation that infusion of exogenous ACTH i
such experiments does not What is being
measured, then, is not resting secretion or mildly accelerated
secretion, but the maximal secretion rate of which the gland
is capable.

The technique (Vogt, 1955) consists of introducing cannulae
into the traches, the left femoral vein and, if blood pressure
records are required, into the left femoral artery of rats
weighing approximately 250 g. After an intravenous myection
of heparin (1,000 1 u /kg.), the collecting cannula 1s introduced
into the left renal vein which has been tied at the renal hilum
and at its entry into the vena cava. The blood 1s collected into
eooled, siliconed tubes and centrifuged; the plasma s extracted
with orgame solvents, and the purified extracts are chro-
matographed 1 one of Bush’s solvent mixtures (Bush and
Sandberg, 1953). Since, 1n the rat, corticosterone is the main
adrenal corticoid, the estimation of secretion rate was earried
out by localizing the corticosterone region by u.v. absorption,

cluting the compound and estimating 1t colorimetrically,
BL00D—7 193
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affluent of the hypophysectomized dog, The method is sensitive
approximately 1 mu. ACTH. I heard from Dr. Ganong recently th
substances other than ACTH may eause the release of 17-hydrosyc
ticosteraids under these circumstances.

Taxt: Do these erude extracts of blood have any effect on rat sdres
homogenstes? Presumably punfied ACTH would not have an effect!
such preparations.

Roberts* I dor’t know; we have not studied rat homogenates. Ho
ever, Rosenkranz has recently reported that ACTH will cause cof
costerord refease in adrenal homogenates.

Taut. ¥ thank it 1s rather an isolated observation,

As regards this question of disintegration wiieh may slso be relers
to Dr Astwood’s query, I feel that these preparations may be fial
to be broken up by sdded reateral, If X remember rightly, they o
ineutrated for an hour before the ACTH 15 added nnd they sre roth
thick shees  Bearing 1n mmd the concept of Hechter that & howm
genate 1s equivalent to an ACTH-stimulated tissue, disntegration (v
result w an ACTH effect,

Roberts* 14 all depends upon what you ealf *thiek”, The rat adrer
weighs about 12 mg  Sinee 1t 1s davided into four equal portions in the
studes, each portion weighs about 3 mg. That is not very ek !

Ter What would be the maximum thickness?

Roberts- T would have to measure it, but st 1§ rather smail, ;

Tait* As regards the cortisone, I think we probably had a subs
compound produced i ox adrenal hissue preparations, which on €
tensive fractionation we found was not cortisone. Ty compowt
actually was increased on incubation, but cortisene itself of which the
was 8 Little, was not increased ou incubation.
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borators (see Hertz et al., 1935) to produce a variety of
effects on the endocrine system: it has progestational activity,
it is a goitrogen and it causes a cholesterol deposition in the
adrenal cortex unequalled by any other substance, including
ACTH, and not a d by et mn the chol ol
concentration of blood or liver. Injected intravenously mto
dogs (Hertz et al., 1955) or rats (Vogt, 1956), 1t depresses
cortical secretion, but the general toxicity of intravenous

Table I

EFFECT OF PROLONGED AND OF ERIEF, INTENSIVE TREATMENT WITH ACTH on
S$IZE AND CORTICOSTERONE SECRETION OF THE RAT ADRENAL

Cortrcosterone secreted {mean
No. o, Adrenal weight + 8 E. of the mean)
V.o | Treatment mg.lkg.
body wt. ug /g gland! |pg.fadrenalfhr.)
min kg, body wot.
11 | None 62624 | 254£15 | 9564+ 05
7 l11u deidy*for | 900433 | 259489 |1W7141735
1014 days
8 l16tsrutwth-| 9752149 | WO£17 | 974111
m 86 hr.
Adrenal blood collection 1n urethane (1 5kg /g ).

* Long actlon AGTE (“Cortrophin 2 Organon) subeutancously

1 Tong-action ACTE 15nousty, soluble AGTH 4-hourly during dagtimo, all fajections
ruboutaneously
doses 1s very lngh, and the results therefore are not necessanly
comparable to the effects of an oral admimstration of the drug
over several days, Only the latter causes the hypertrophy
and accumulation of lipids, the funetional equivalent of which
this investigation was trying to determine.

Fig. 1 shows the results of tests of the functional capacity
of rat adrenals after 2, 4 and 14 days of amphenone by mouth.
Secretion per g tissue is normal or even shghtly above
average; since hypertrophy of the glands is large and rapid,
secretion per smgle gland 1s much above normal, even when
only two doses of amphenone have been admimistered,
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using & modification of the reaction with blue tetrazohum
described by Mader and Buck (1952). The colour was mea-
sured in a Unicam spectrophotometer at 520 my. The results
are expressed in pg. secreted per g. gland per min., or inpg.
scereted per gland per kg. bodyweight per hour.

Morphological changes in the rat adrenal are elicited by
many drugs and hormones, hypertrophy of the tissue and loss
or aceumulation of sudanophilic lipids being the effects most
commonly produced. Obviously, many of these changes are
simply due to the release of ACTII, brought about by direet
or, usually, indirect effects of the drug on the structures which
control prtuitary secretion. Some substances, however, whilst
depending for thewr action on the presence of the anteriot
lobe, have additional direct effects on adrenal metabolsm,
and such substances are of special mterest in this work,

Since so many drugs act on the adrenal cortex through the
release of ACTH, the effect of injections of ACTH for variable
pertods previous to the collection of blood will be shown first
(Holzbauer and Vogt, to be published). The results obtuin{d
are qute different, depending on whether the hormone is
injected over a prolonged period of time or precip'ltoﬂs‘y~
The slow treatment causes lipid accumulation in all cortical
layers, the rapid treatment moderate lipid depletion of the
zona fasciculata.

Table I shows that adrenal enlargement is upproximuﬁe‘)'
the same in both instances; but, whereas secretion of cortico
steronc per g. adrenal is normal in the lipidaich gland,
is diminished in the lipid-depleted gland subjected to & brief
period of heavy dosage. Conversely, sccretion per whole glﬂ.ﬂd
is increased after slow, but remains normal after rapid admin-
istration of ACTH. The inference is that in both experiments
the glands have produced new tissue, but a longer periqd of
time is necessary for the production of fully functional tissue
than for o mere increase in tissue mass.

The second example chosen for illustration is that of
« Amphenone B [1 : 2-bis(p-aminophenyl)-2-methylpropane-
1-one]. This substance was shown by Hertz and his colla-
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Observations in patients suffering from adrenal carcinoma
and treated orally with amphenone for a few days (Thorn et
al, 1956), were 1n sharp contrast to the findings in the rat: a
fall in circulating and in excreted 17-hydroxycorticods was
observed during the admumstration of the drug, which,
meidentally, was poorly tolcrated. Perhaps there is some
connection between these two facts.

It has been known for many years that stilboestrol and

Table 11
Brrzer oF (0 4 m fxG, PER DAY IV OIL) ON
OF RAT
Corlicosterone secreted {(mean + 8 E. of
Duration of the mean)
Noof sreatment prrm——
renalfhr
(days) ug lg. glandfmn g et 118
1 None 234415 956195
8 315 €9+05 823+33
5 2 97£21 360+£82
Adrenal blood collection 1n urethane (5g/kg )

hexoestrol cause a loss i adrenal lipids (Vogt, 1945). In
contrast to the fleeting effect of injections of ACTH, this loss
mcreases with prolongation of treatment and 1s only reversible
when the admimistration of the oestrogen 1s stopped. The
functional state of such lipid-free adrenals has been a matter
for much speculation, but the method deseribed in this paper
provides a means of settling the question experimentally
(Vogt, 1955)

Table II illustrates some of the results. Secretion per g.
gland 15 very seriously depressed, and a period of only two
days 1s sufficient to produce the effect. Adrenal hipids are also
appreciably reduced at that time. In order to check the
suggestion that the fall in secretion followed an initial increase,
estimations were also made after a single injection, the time
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Contrary, then, to what sometimes has been suggested, the
hipid lation caused by a ph 1e does not indicate
arrest of eorticoid synthesis at the cholesterol stage. The
drug produces an enlarged gland made up of fully functional
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costérone secretion of rat adrenal.
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tissue. Attempts at producing an equally large lipid'ﬁlICd
gland in the brief period of between two and four days by
means of ACTH injections failed. This suggests that the
changes produced by amphenone in the rat adrenal c‘mmot
be explained solely on the basis of an inercased secretion of
ACTH; some dircct cffect on adrenocortical metabolism may

be a contributory factor.
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state of the adrenal cortex following treatment with hex-
oestrol would thus be analogous to the state of the thyroid
after the administration of thiouracil,

Acknowledgement
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supply of ACTH
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interval between injection and experiment varying between
8-5 and 24 hours. Secretion was invariably found to be at or
below the normal level. Controls showed that no other cortical
compound was replacing the corticosterone in the hexoestrol:
depressed adrenal. Stores of corticosterone, estimated m
adrenals of normal rats and of rats given hexoestrol, the two
groups of animals having been killed under precisely identieal
conditions, were also found to differ (Holzbauer, 1956): per
g. tissue, the corticosterone content of the adrenals of normal
rats was about twice that of hexoestrol-treated rats.

The mechanism of the decrease in corticosterone secretion is
considered to be an inhibition of cholesterol synthesis. The
following points support such a view:

(1) After hexoestrol, adrenal and blood cholesterol concen-
trations are low.

(2) Liver slices of rats treated with hexoestrol synthesize
cholesterol from ¥C-labelled acetate at a greatly reduced rate
{Boyd and McGuire, 1956).

(8) Plasma from normal rats, but not plasma from hex-
oestrol-treated rats, immediately restores to normal the
corticosterone secretion from adrenals which have been
inhibited by hexoestrol. There is about ten times as much
cholesterol in normal rat plasma as there is in plasma of rats
to which hexoestrol has been given,

(4) When rats, previously injected with hexoestrol, are fed
amphenone whilst the hexoestrol injéctions are being con-
tinued, the corticosterone secretion of their adrenals reverts
to normal figures per g. gland. The lipids, previously absent
from the adrenals, reappear In the cortical tissue; since the
major compound of these lipids is cholesterol (and its esters),
restoration of function appears to be due to the renewed
availability of cholesterol as substrate of corticosterone

thesis.
sy;he adrenal hypertrophy and hyperaemis found after
hexoestrol are probably consequences of the increase in
circulating ACTH demonstrated by Gemzell (1952) and Pl:'
sumably caused by Jack of cireulating cortical steroids. The



‘ DiscussioN 201

these expertments (which were done in hypoghysectomized ra'!s) w‘aé

stration that under those conditions growth hormone 15 not, mn fact,
ultrafiltrable It 15 a substance which has a relatively low molecular
e S e e

e = bumm b s pbren

relatively mnor scale.
e, unoy s

t

1 .
ncrease In stainable lipid obtained when growth hormone 1s given in
addition to large amounts of corticotrophin, which by itself severely

where you got changes with growth hormone, or growth hormone plus
corticotrophin?
fhicotrog - Ce . .

large doses of corticotrophtn and growth hormone,
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metabolism cannot be strmulated by ACTH after hexoestrol; injectionof
ACTH to hexoestrol-treated rats does not improve therr performance.
Further, ACTH content of the blood is permanently raised in hexoestrol-
treated rats, and this seems to point to n defictency mn the adrenals
themselves.

Morns: 1 wondered if there was something that behaved rather
sirmlarly to amphenone but which was a naturally occurring substance,
of any nature—it 1s impossible to say of what nature. The effects were
s0 gross. A preparation that had approximately 1 u. per mg. adrenal
ascorbie acid depleting activity would double the weight of adrenals
withm three days

Vogt: Do you know whether these were yellow adrenals or red
adrenals?

- . PO - N PR A

Vogt- The effect of amphenone has been shown by Ilertz and Tyler to
1 d h T e

be absent 1n ACTE ypophy rats. The effect of
hexoestrol was tested many years ago (when there was no ACTE
i h h 4, not ACTH-maintained, rats, and

) only on hypophy n '
no depletion of sudanophilic Iipids was seen. The combined effect o
amphenone and hexoestrol has not been tested on llypophysectomlzcd
Tats at all.

.- B - - I

h
. . ,d
sy - -t e I ] ahromalo-
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The animals which had hexoestrol plus amphenone were not in very
good shape. They would not die spontaneously, but if you then had to
do this operation lt was not too easy to keep them allve, one of the

A and thom Anrace 4n

—anmmme T e Ahant thnes mamn snermd

Bhigeon: T had in mind our work on dymg human patients (1955,
J. elin Endocrin  Metab., 15, 1001) where we found that the increase in
free plasma 17-hydroxycorticosteroids was due to a slow metabolism
of cortisol rather than an mncreased production of hormone

Vogt: This point here does not anse if you take adrenal vein blood.

2Mageon The steroid content of adrenal vein blood 1s made up of the
sterords which were present in the adrenal artery, that is to say pen-
pheral blood, plus the steroids secreted by the gland. This is why it
would be important to compare levels in peripheral and adrenal vein
blood.

Vogt® Yes, but I think that quantity would never have occurred in
these animals 1n penpheml blood. I tested artenal blood after 14 days

of and found nc 1 a volume of plasma twice
that used for estimation in adrenal effluent.

Astwood Dr. Vogt, have you tested corticotrophin admimstered m
some really good delaying vehicle such as the Bruce and Parkes ol and

Vogt. We gave the Iung-actmg material every 12 hours, do you think
that 15 not sufficient?
Astwood: 1 would not, know
Vogt* 1 waz struck by uus statemem‘. by Hertz on the amphenone
Vo Voo

ratahnl +

nmbition of adrenal secretion or a loss of adrenal cholesterol with
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Yogt: When you studied the morphological changes how long wert
your injection times?

Stack-Dunne: Most of that work was injection for three days. The rats
were about 3 5 weeks after hypophysectomy and were then injected for
three days. There were some rats that Bushand I had worked onthatbad
been treated with growth hormene for the week durectly after hypepts-
sectomy

Sar ¢ v P N R o N

Voo *+ . . + et
with i
mater . B . ) h:;
whe'lher this is reaily a specific effect on the adrenals or waewer ¢
NN Eaaa T8 e an ~#aten And

exoestrol
L lpested

very shott tume.

penghe:".;lbc‘ircu]n!;on of amphenone-treated mt‘s?
Vogt: Yes.
Moli'coﬂ: Could these rats have been so sick that they were not far

Fai e
lro;lo;?”;gé, I would not say so, not the mats given amphenone daily.
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von Euler: Dr. Farrell, have you any data on the effects of oxy-
tocin on the release of ACTH and also of substance P ?

Farrell: Yes, both substances are of considerable mterest, Oxy-
tocin has been tred, and 1t 1s mactive. Substance P has not been
tested but I believe Dr. Sayers plans to test 1t 1n the near future.

Pearlman 1 am curious about a pont which Dr. Pitt-Ri

of oestrogen 1s rather low 1n the mital states of gestation, but pro-
gressively 1ncreases. Now what is the dose response in the non-
pregnant patients, with respect to PBI levels and the dose of
oestrogen admimstered? It would appear from Dr. Pitt-Rivers’
talk that b stimul of PBI was obtained with the
relatively small amounts of oestrogen which are produced m early
pregnancy.
Put-Rivers: 1 don’t exactly ber Engstrom’s d

]

dosage corresponds roughly to the outputin late

rather than to that mn early pregnancy, and I am curious to know
what sort of response you mught get with, let us say, one-tenth the
dose of hexoestrol.

Pitt-Rivers: 1 think that Ingbar indicated that you could give
lower doses of diethylstilboestrol to affect the protein-binding of
thyroxine; there may be no parallehism, but 1t happens that PBI
and protein binding are raised m pregnancy. I you artificially pro-
duce a lugh cestro * 7 : N -

n protein binding
PBIs in pregancy
further consideration.

Pearlman. Did you say there is an ncreased calonfic effect
Denntenn F 41" e ~23 120 LTy ;s

.
s
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oestrogens. With the dose that 1s used in rats you certainly cannot
produce it, and in the rabbit T have tried up to twenty-fis ¢ times the dose
used in the rat and nothing happens at all. So far, I am quite prepared
1o believe that the rat, of all the laboratory animals, 1s the only one that
responds \\:ith inhibition. The second point is that even in the ral, I

_____ A manmnbinn

CTa [ “ - - 4 e3 aew cupgtothe

. . *we can get

! . 1 to collect

adrenal vein blood from & conscious rat without producing any sl{fS:-
—rem T bt 1A 4 et Dbt i

'

cuiting its head off—you find, irrespective of what the prctrentmeutl
was, very little corticosterone in the glands. If you take another 1

f0 AL e it am cn e ok e L2 aboamrae 1 ite ndvanal nroduce

. . . al

- . . bl

ndication that there is, under conditions of ordinary lif¢, an 1nereased
1n spite of & capaaity for i
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Stack-Dunne* Dr. Farrell, do you think it possible that your lestons
could have sectioned part of that system? It goes nght round, and
1f there was a connection coming back from the rear, this might
have been interrupted.

Farrell 1 doubt it The reticular formation 1s sectioned at the
upper levels of the pons. A certain amount of the reticular structure
extends up mto the lower thalamue region,

Dunne There 1s some suggestion that this s;
ko

RO A

ystem loops
n tha

to that, [ take 1t c
Farrell- The mamillary bodies are definitely rostral to the section,
Astwood. Dr. Farrell, would you tell us what are your conclusions
e L e P durairy

stage, we can state that i an anumal with a mudcollieular section
1 which the bram tissue rostral to the section has been removed,
the rate of aldosterone secretion 1s quite low; if one admimsters to
this preparation an extract of beef diencephalon, output of aldos-
terone can be mereased to levels higher than normal.
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women found ne rise in basal metabolie rate {BMR) until the
seventh or eighth month, when they did get n small rise.
Pearlinan: So that the 1s hat p ted?
Pigt-Rivers: It 15 protected agamst this rise in BMR which is dis-
persed without producing increased heat; whether the foetus is
mOepping 1t Up or not we don’t know,
Handle: Dr. Astwood, have you done any protein-bound jedine
in acromegaly?
4 d: In galy the protem-bound iodine is usually
normal, but lly there 1s thy costs mn association, and
then it 1s lugh.
P lﬁz;ndle. Can you get raised basal metabolic rate without raised

Astwood. Yes,

Short: Dr. Bush mentioned the release of corticoids after emotional
stress. Dr. Bush, do you constder 1t to be a hazard of blood trans-
fusion, where the recipient might receivea high level of corticoids from
a stressed donor? .

Bush; Sandberg and I found that the corticoid concentration in
donor blood was normal one month after stotage. Other evidence
has since confirmed our supposition at the time : under ordinary
blood-bank conditions for storage of plasma, survival of the hor-
mones is quite good up to at least one month. 1 don't think there is
any evidence that donor blood is espeaially rich in corticoids. Most
of these donors are quite practised, they come up every two or 4
months, so many of them are accustomed to the procedure,

}'E[‘"}"{dk. Dr. Farrell, have you tried serotonin on the level of blood
ACTH? .

Farrell: Dr. Sayers plans to check this but 1t has not yet been
done.

With regard to emotional factors exeiting the pituitary adrenal
axis, I should ke to hear Prof. Harris comment on what he feels
i Bter it Sl . + be to the sctivation of
. .. field, There are some
interesting possibihties however, with regard to the hippocampus-
amygdaloid complex. As Dr. J. D. Green has shown (Green, '-7- D,
and Arduin, A. A, (1934}, J. Neuraphysiol., 17, 588), the reticular-
activating system projects f‘}xroug_h the hypothalamus, x}?mentj to

states.
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soluble in chloroform. Thus similar differences in plasma level
might be due to different causes, and a lack of difference might
simply be due to two or more alterations which balance each
other. To understand the dyname relationships of the hor-
mone 1n various conditions, therefore, means of measuring
production, distribution, and removal in the human subject
Were necessary.

Three groups of workers independently reported the use of
intravenous ifusion of a standard dose of free cortisol over
a short interval as a means of determining rate of metabolism,
apparent volume of distribution and, as a derivative of these,
production (Brown et al , 1954; Peterson e al., 1955; Geyer
and Kebl, 1955). All three found that after 2 short period
the decreasing concentrations in peripheral plasma over the
next 6-8 hours fell on a logarithmic curve when plotted against
time, indicating removal proportionate to concentration.
When this curve was extrapolated to zere tume, a value
representing the concentration if the factors determining
the later portion of the eurve had not been operating could be
obtained. In our own publications this has been called the
‘““apparent distribution volume” (ADV) since presumably the
major factor during the early period was the distribution into
tissues. Again, all three groups found that, under these
conditions, the value in young normal human beings averaged
about 90 per cent of the total body mass. Since such a value
15 higher than the total water, it could not represent simple
diffusion in aqueous solution and must, therefore, indicate
uneven distribution. From the apparent distribution, how-
ever, and the slope of the removal curve, values for production
at normal end levels were caleul

Another development which furnished further information
regarding metabolism was the publication of a technique for
the determination in plasma of 17-hydroxycorticosteroids
(17-OHCS) conjugated with glucurome acid (Bongiovanm,
1954). Not only could endogenous levels be estimated but,
when combined with the cortisol removal test just deseribed,
comparison of the time curves of the two values furnished an
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Introduction
During the last five years several methods have been
developed which permit the measurement of normal levels of
steroid compounds which have the dihydroxyacetone side-
chain, using samples of 80 ml, or less of peripheral blood
{(Nelson and Samuels, 1952; Silber and Porter, 1954; Petersont
et al., 1955; Silber and Busch, 1956). In man and the dog over
80 per cent of the material which can be extracted directly
with chloroform from the blood of normal subjects 1s cortisol
(Bush, 1958; Bush and Sandberg, 1958); in abnormal condi-
tions, however, other steroids with the dihydroxyacetone
side-chain may be present (Eberlein and Bongiovanni, 1956)-
By the use of these techniques much has been learned about
the variations in blood levels, both during normal existence
and in many pathological conditions. The concentration of
free 17-hydroxycorticosteroids in the plasma, which is essen-
tially equivalent to that which is chloroform-soluble, is &
sesultant, however, of production, distribution inte the tissues,
and metabolism either to compounds without the dihydroxy-
acetone side-chain or to conjugated compounds no longer
. . c. ot —amby feam the
tieal
aent

ican
the
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in the disappearance of cortisol from the circulation which
increased disproportionately to concentration. Peterson and
Wyngaarden (1956) demonstrated that the greater slope in the
radicactivity experiments could not be due to the more rapid
disappearance of a non-17-hydroxycorticosteroid since they
obtained essentially the same half-life for cortisol by plotting
specifie activities against time as they obtamed with total
chloroform-soluble radioactivity. Our own studies, discussed
later, have shown that both the zero intercept and the slope
of the curve of disappearance of chloroform-soluble radto-
activity after a tracer dose of cortisol depends on the initial
concentration of cortisol.

All of these methods have helped in distinguishing among
the effects of various factors on production, distribution or
metabohsm of cortisol, and in certain nstances some more
specific mechamsm can be inferred. Question can be raised
in some instances, as in the determination of conjugated
17-hydroxycorticostermds, of the completeness of estimation,
Since, however, this 1s not intended to be a conference on
methodology, the shor of spearfic p d will not
be discussed. They are sufficiently quantitative to permit
companson of results obtamned by the same method on
different groups, even though the values may not be absolute.

The extra-adrenal factors to be considered here are those
which pnmanly affect distnbution and disposal, any influence
on production being primanly a result of these changes.
Specifically, the physiological processes which will be dis-
cussed are age, thyroid fumetion, hepatic function, flmd
accumulation, and renal function, Their effects on plasma
Ievels of cortisol may be brought about by influences on any of
a number of processes which are involved. They may change
distribution by sltering the forees which deternune the equili-
brium between intravascular and extravascular concentra-
tions; by affecting the intervemng structures and, therefore,
the rate at which the hormonal molecules move under a given
gradient; or by changing the distribution between cells and
extracellular fluid. They may alter disposal by affecting,
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estimate of the balance between rate of metabolism and of
excretion,

These procedures allowed the estimation of production and
metabolism under endogenous adrenal stimulation, but they
would not reveal whether alterations in production were due
to changes in stimulation or in response. An ACTH infusion
test was therefore developed (Eik-Nes et al., 19544). In this
test, ACTH was infused intravenously over a six-hour penod
at a rate which was more than enough to produce maximal
stimulation in normal human subjects. Serial samples of
blood were drawn during the infusion and the curve with time
plotted. The mean curves for different groups were found to
fit, within the limits of error, the change expected when there
was a constant addition of hormone and removal proportionate
to concentration. When the rate of removal found in the
cortisol removal test was introduced as the latter value, a
rate of addition could be caleulated. It was considered that
this would be a measure of the maximum ability of the adrensl
to respond to the trophic hormone. Christy, Wallace and
Jailer (1955) introduced a four-hour ACTH infusion test to
measure adrenal function; but, since only the concentrations
of hormone in the plasma at the beginning and at the end of
the infusion were determined and no cortisol removal curves
were run, a similar calenlation could not be made.

The synthesis of [4-1Cleortisol made possible the study of
cortisol metabolism by radioactive methods. This had the
great advantage of allowing measurements without significant
alteration in total cortisol levels. Asin the case of 17-hydroxy-
corticosteroids after infusion of exogenous cortisol, the
chloroform-soluble radioactivity, after a short period of
equilibration, fell on a logarithmic curve. The 510p6§ were
greater, however, and the zero intercepts represented dilution
equivalent to 15-30 per cent of body volume (Peterson et al.,
1955; Migeon et al., 1056a). Two explanations of the dlfrer.ence
between results of the two procedures were possible; either
chloroform-soluble metabolite not having a dihydroxy-

some Y o
present or there were factors involve

acetone side-chain was
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tively constant high levels in their subjects between 9 a.m.
and noon, followed by a fall. We have not found such constant

20~ NIGHT WORKERS

€

8

< <—SLEEP—D
>

3 | |
w

7 1o} l

8 |
(=3

U

=

g l

=

(7]

3

o I i 1 1 ' 1 ] )

8AM I2Noon 4PM 8PM  I2Mn 4AM 8AM

Fio, 1. The mean vamation of plasma 17-hydroxycorticosteroids 1n_might

workers 1s shown by the heavy hine. ‘Their usual period of sleep 35 also shown.

The hight line 13 derived from a large series of values 1n normal subjects on &
usual schedule of actrity and rest.

morning levels; whether this1s due to dafferences in geographie
location or to some other factor cannot be judged at this time.
The cause of the diurnal vanation has not yet been clanfied.

‘Table I

ENDOGENOUS LEVELS OF FREE 17-HYDROXYCORTICOSTEROIDS IN THREE
NORMAL YOUNG MCN DURING THE FORENOON

Time Ba ar Ha
. 7. /101
sam. #E [0, ueo veEm
9am, 10 4 150 —
10 a m. 5-4 13 2 10 2
12 noon 52 68 50
2pm 60 78 34
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directly or indirectly, the rate of certain enzymic reactions
in the presence of a given substrate concentration; by chang-
ing the rate with which substrate reaches the enzyme (alter-
ation in substrate concentration); or by affecting the rate of
removal, and therefore the coneentration, of product. Inmost
cases we can only infer the process which has been changed.

Effects of cortisol level

Before we can consider variations due to the factors men-
tioned, 1t is necessary to know the pattern with which any
new condition must be compared, the so-called “normal”.
As far as can be judged, the steroids which increase in con-
centration during passage through the human adrenal gland
are unconjugated; those released by hydrolysis are as high in
the arteral blood as mn the adrenal venous blood. In the
adrenal venous effluent, where the concentration of cortiso!
may be as high as 280412./100 ml. plasma, both Sweat (personal
communication) and Fik-Nes have found that as much as
80 per cent may be in the cellular components. In the peri-
pheral eirculation, h ver, where trations are norm-
ally between 2-23 u£./100 ml. plasma, the amount present in
the cellular layer of a freshly drawn sample is not much
greater than that to be expected from occluded plasma. This
difference between blood from the two sources will be con-
sidered later.

While the range of concentration of 17-hydroxycortico-
steroids in the plasmas of normal people is wide if no con-
sideration is given to time of sampling, the range of values at
any one time of day is considerably less. One of the consistent
findings when a good analytical method is used is a diurm}l
variation (Fig. 1). The curve in our subjeets is not symmetri-
cal, the concentration being lowest between 2 and 4 a.m. and
then rising quite rapidly between 4 and 8 a.m. The levels tf:en
fall at a decreasing rate throughout the day and become fairly
steady during the evemng hours (Migeon et al, 19566). A
series of values on individual young men is shown in Table L
Peterson and Wyngaarden (1956) report that they found rela-
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airculation, the ADV, increased with total level {Table II).
Apparently, as the concentration of cortisol rises, the propor-
tion which 1s taken up by the extravascular tissues increases.
This is the result to be expected on the basis of the discussion
in the last paragraph. The presence of a greater proportion
of uncomplexed steroid at higher plasma concentrations is
indicated by the greater proportion of chloroform-soluble
radioactivity excreted during the first six hours in the urines
of those n the above experiment who had higher plasma
Table II

EFFECT OF ORIGINAL CORTISOL LEVEL ON DISTRIBUTION AND RATE OF
REMOVAL OT THE HORMONE

Ave. Dnlg
Cortisol
Stope
No Concen- s
Dose and Trme Cases|  trafion n _A_C C, |4Dp*s
g {100 ml 3
‘plasma*
Tracer, 12 M -6 a.m 4 EX) — 0 449 397 26
ve, Rang 0 390-0 502|345-488| 21-29
Tracer, 8 a.m.~2 p.m 2 139 —0 497 283 36
Ave. Range 0 465-0 550 222-348 2035
Cortisol 1 mg [ke., 5 126 —0 317 129 8
8am.-2p m. Range 0 2630 §76| 118-137] 73-85

* Concentration at time of jnjection of tracer
#% Apparent distribution volume as per cent total volume,
cortisol levels. When the tracer dose was imnjected at an
average imtial level of 8-6 pg./100 ml. plasma, an average of
0-438 per cent of the injected dose was found n this fraction at
the end of one hour with a range of 0-29-0-50 per cent among
four subjects. When the tracer was given at the beginning of
a cortisol removal test, with an average initial level of 126
$g.f100 m), plasma, the average was 148 per cent at one hour,
with a range among four subjects of 1:38-1-60 per cent. At six
hours the respective averages were 1-36 and 3-66 per cent. A
greater proportion of the cortisol was ultrafiltrable when the
level of cortisol was high. Since a greater proportion of eortisol
15 diffusible at higher ations, it is not surprising that
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Early in our studies comparisons were made between the
concentrations in various body fluids (Sandberg et al., 195%).
Samples of pericardial, pleural and peritoneal fluids were
obtained where the major factors responsible for their aceu-
mulation were physical rather than inflammatory. Under
such conditions the concentrations in the three fluids were
always considerably less than in plasma drawn at the same
time. The difference could be explained on the basis of the
tendency of the adrenal steroids to be held to certain plasma
proteins by a combination of electrostatic and van der Waals
forces. Since these forces are weak, the complex formed is
always in equilibrium with the free steroid. The steroid
portion can, therefore, be extracted with organic solvents,
the rate of removal during the extraction being the only
factor changed by the presence of the protemn.

Eik-Nes and co-workers (19545) found that cortisone and
cortisol formed weak complexes with serum albumin, and
considerably stronger complexes with a mucoprotein separ-
ated from plasma. Sandberg, Slaunwhite and Antomades
(1957) report that, while albumin accounts for more of the
complexed steroid because of the greater abundance of this
protein, fraction IV-1 of Cohn binds more cortisol per unit
protein. If some proteins present in small amount bind
cortisol more strongly than albumin, these would tend to
become saturated first as the concentration of cortisol was
increased, and the portion more weakly bound to albumin
would represent a greater and greater proportion of the total.
Thus the amount of cortisol free to diffuse 1nto extravaseular
compartments would not be proportionate to concefntmtion:
but would inecrease more rapidly as the concentration rose.
Under such conditions the distribution between vascular and
extravascular compartments would change with concentra-
tion of stercid in the plasma. )

As mentioned previously, when the distribution of radio-
activity after injection of a tracer dose of [4-“C]cort1.sol was
studied 1n the presence of various levels of non-radioactive
normone, the proportion of isotopic compound lost from the
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processes on distribution and disposal. The values for
“apparent distribution volume” (ADV) and rate of metabo-
lism are therefore those associated with imtial high levels of
cortisol. Since each type of test was run in the same manner
throughout the series, however, values between groups are
comparable.

In the cortisol removal test each subject was infused with
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F1c.3 Mean curves for free 17-hy ds aft tandard

cortisol remov al test in a semies of pormal males 20-53 years of age and g
series of normal males 66-92 years of age

1 mg. cortisol per kg. body weight durng a thirty minute
period. Samples of blood were drawn before and 80, 60, 120,
240 and 860 minutes after beginning infusion. Fig. 2 gives the
average values for free and conjugated 17-hydroxycortico-
steroids during such a test in & series of young adults (Brown
et al., 1957b). In Fig. 3 the curve for free sterouds in this group
is compared with that of a series of men over 65 years of age.
The older men show a slower achievement of equilibrium,
indicated by the time which elapsed before the values fell on



216 Leo T. SAMUELs 7 4L

a significant proportion might penetrate the cellular com-
ponents at the concentrations found in adrenal venous blood.

The difference in distribution of the hormone between
vascular and extravascular spaces may not be due solely to
the plasma proteins, however, The proportion removed from
the plasma would be greater with increasing concentration if
adsorption occurred on extravascular surfaces, or if certain
cells, such as fibroblasts (Dougherty and Schneebeli, 1955),
engulfed diffusible cortisol. Perhaps both intravascular and
extravascular factors operate to increase the proportion of
cortisol leaving the plasma as the circulating level increases.
Thus the increasc in hormone concentration at the tissue
level is greater than the increase in plasma eoncentration
—a very cffective system.

Effects of other physiological parameters
The cortisol removal test and the ACTH infusion test have
been used to study the influences of the different physiologlca)

PLASMA 17-OHCS LEVELS
AFTER CORTISOL INFUSION
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corticosteroids (Fig. 5). Not only is the rise more gradual, but
the peak is lower and the mamtenance of increased levels
more prolonged in relation to the concentrations of free
cortisol. When there is no ascites, the ADV does not differ
significantly from the normal for the same age. Ascites
further decreases the slope of the cortisol infusion curve and

CONJUGATED 17-OHCS LEVELS IN PLASMA
AFTER CORTISOL INFUSION
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increases the ADV because the aseitic fluid serves as an ad-
ditional reservoir outside the slar system, and g
relatively slow exchange with the plasma (Brown et al., 1954;
Klein et al., 1955; Englert et al., 1957a).

The ACTH infusion curves of the young and old normal
subjects and the patients with hepatic disease are shown in
Fig. 6 Judging from these alone, one would assume that the
adrenals of the older normal group had the greatest capacity
torespond to stimulus, while those of the patients with hepatic
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=& logarithmic eurve, a slower rate of metabolism as measured
by the decrease in slope of the curve, and a smaller ADV as
shown by the ugher intercept at zero time (Samnels, 1956).
The slower attainment of equilibrium may reflect the greater
density of the extravascular connective tissue. The smaller
ADV may also be in part a reflection of the stower penetration

FREE {7-0HCS LEVELS IN PLASMA AFYER
CORTISOL INFUSION
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Fic ¢ Mean cortisnl removal curves after s standard
test in normal subjects and patients wth hver disease
under 55 years of age,

of tissues, in that equilibrium with metabolic disposal may be
reached before uniform distribution has been achieved, Itis
also, probably, & result of the decreased number of {ibroblasts
in the tissues of the aged. The reduced removal slope must be
due to slower metabobism. Since the liver is the major organ
involved, it probably represents reduced hepatic activity.
The rate of removal of cortisol is markedly inﬂuenc.cd by
hver function. Jf liver function is reduced thereisa §igmﬁcant
change in the slope of the cortisol removal curve (Fig. 4), and

a slower rise in the concentration of conjugated 17-hydroxy-
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Composite Change: %CZ' =k —kKC

Inteprated between C, and C,:

If the rates of removal obtained from the cortisol removal
curves are inserted in this equation and the values for rate
of production corrected for the ADV, the capacity of the
adrenals of both the older group and the patients with hepatic
disease 15 less than that of the organs of the younger normal
group. The calculations of normal and maximal production
based on these curves are given in Table IIL. While the aver-
age levels at 9 a.m. may be slightly higher in the groups with

Table 11T
EFFECT OF AGE AND LIVER DAMAGE ON PARAMETERS OF CORTISOL
METABOLISY
Production
Plasma Marimal
Subgect 17-08Cs | Apv= | Remral) norna | ‘(acTH
8am. Test)

ug /100 mt{ %5 B | in hr= |pg jAg jhr. |ug A [hr.

Normals, 23-55 yr , 13 6 90 —0 350 218 154
Ave,

Normals, 66-92 yr., [ 15-6 6 [-o0-251| 137 120
ve

Curhosts, 32-54 yr., 135 82 |-o0203| 133 07
Ave.

* Apparent Distnibution Volume

decreased rates of steroid metabolism, they are within the
range for normal young men and must therefore represent
some adjustment of production to the decreased removal,
Moreover, a chronic decrease in the rate of production appears
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disease would appear to be equal to the young normal subjeet
As already pointed out, however, these curves appear to fit th
condition where a constant increased amount of hormone
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¢ 6. Mean ACTI infuston curves for young and old
rmal subjects and young subjects with liver damage.

being added and the excess is being removed in proportton to
concentration. The integration of such an equation is as

follows:

Let C =

t
k
k

== concentration of 17-hydroxycorticosteroids in
pg./100 ml.

= time
slope of cortisol removal curve

= constant rate of input

ac .
Input: F i k

dac
Removal: — i rC
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accelerated reduction and conjugation (Fig. 8). There is go.od
reason to think that a significant factor in the postoperative
increase i 17-hydroxycorticosteroid values, as well as the

MEAN LEVELS OF CONJUGATED I7-OHCS IN
PLASMA AFTER CORTISOL INFUSION
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Fic 8 Conjugated 17-hydroxycorticosterod curves
after intravenous mfusion of cortisol mto dogs with
normal or altered hepatic blood flow

premortal nise, is due to reduction in hepatic blood flow (Tyler
¢t al., 1954; Sandberg et al., 1956).

Renal damage influences cortisol metabolism because of its
effect on the excretion of the conjugated metabole products
(Englert et al., 19575). As seen in Fig. 9, there is an inverse
relationship between creatinme clearance and the endogenous
levels of conj d 17-hydroxycorti ids in the plasma.
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to lead to some degree of adrenal atrophy so that maximal
capacity is deereased,

Not only does cellular damage to the liver affect the rate of
removal of cortisol; changes in the rate of blood flow through

MEAR LEVELS OF FREE 17-DHCS IN
PLASHA AFTER CORTISOL INFUSION
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F1o.7. Rate of remova! of intravenously infused cortisol

1 norral dogs and those with alteved hepatic blood How.
the organ also alter rates of removal and conjugation (Englert
et al., 1957¢). When the blood flow through the portat systcrfz
was partially shunted into the vena cava in dogs, the rate od
removal of cortisol was considerably reduced; it was inerease
somewhat by shunting b!ood. from the aorta inte ‘thc pol:f&
vein (Fig. 7). The more rapid removal was associnted Wil
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al., 1957a), the rate of removal of the hormone was signifi-
cantly reduced but the ADV was within the normal range
(Table IV). In hyperthyroidism, the rate of removal was

PLASMA CONJUGATED I7-OHCS LEVELS
AFTER CORTISOL INFUSION
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F1a. 10, Mean levels of conjugated 17-hydroxycortico-

steroids in plasma of normal subjects, patients with early

uraemia, and patients with advanced renal disease, after
a standard cortisol removal test

mar.kedly creased while the ADV was significantly decreased.
As in the case of the elderly normal subjects, the apparent
decrease in distribution volume may be due to the failure of
the cortisol to achjeve complete equilibrium of distribution

before equilibmum with metabolic removal was reached.
BLOOD—8
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When a cortisol removal test is run, there is a marked increase
in both height and duration of the elevation in conjugated
17-hydroxycorticosteroids (Fig. 10). This great accumulation
of product apparently decreases the rate of the conjugating
reactions in the liver since there is a small but significant
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Ten 0 Qnattar A rrmarm Aaninbine pasealat’an hetwasn

reduction in the rate of removal of free 17-hydroxycortico-
steroids (Fig. 11). .

The last extra-adrenal variable to be considered l.lere I
thyroid function. Several workers have noted alterations in
adrenal metabolism associated with hyper- or hypothyrmdl_Sﬂf
(Engstrom and Mason, 1944; Levin and Daughaday, 1955;
Eik-Nes and Brizzee, 1956). When cortiso'l .rcmoval tcstj
were carried out in patients with hypothyroidism (Brown &
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Here, however, the effect would be due to the speeded-up
metabolism instead of to a reduced rate of diffusion. The
calculated rates of production indicate decreased adrenal
functton in hypothyroidism and increased function in hypet-
thyroidism. The ACTH infusion tests indicate that this is not
solely & compensatory increase in an otherwise normal gland,

MEAN LEVELS OF FREE IZ0HCS IN THE PLASMA

56 AFTER CORTISOL INFUSION
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Fic, 1. Mean curves for normal subjects and patients
waith renal disease 1n standard cortisol removal test.

but that adrenal eapacity is also affected, probably through
changes in the metabolic rates of the adrenocortical cells.
This change is not so great, however, as in the rate of removal,
1t scems therefore that thyroid function affects the metabobe
activity of both the adrenal and hepatic eells, but that tl}c
alterations in the latter are greater as far as the enzymit
reactions fnvolving cortisol are concerned, ¥Whether t)xd"f 2
also a change i the forces ~ R I e
tween blood and tissues in *

whether the effect on ADV -~ Yy
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Thyroid function 1s related to cortisol metabolism through
its influence on the metabolic rate of both the adrenal and
the hepatic cells. The influence on the latter appears to have
the greater effect on cortisol turnover. Hyperthyroidism may
also alter the distribution between plasma and tissues.

The chemical and radiochemical methods now available
provide tools for the study of the dynamies of cortisol meta-
bolism 1n the human being, and their further application and
refinement should provide much more detailed knowledge
of the funetion of the hormone in both normal and pathological
conditions.
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of cortisol by the liver remains to be determined by more
critical means. In any case, the great increase in rate of con-
jugation and excretion must affect the relationship between
changes in secretion by the adrenal gland and alterations in
effective concentration 1n the peripheral tissues.

Summary

The determination of the endogenous levels of free 17-hydr-
oxycorticosteroids in plasma, largely cortisol in the human
being, is useful; 1t fails, however, to reveal many differences
in adrenal function because of the compensating mechanisms
which are mvolved. Methods utilizing measurements on serial
samples of blood to estimate both distribution of these sub-
stances between blood and tissues and their metabolic disposl
have been developed.

The level of cortisol 1n the plasma affects the propcrtionate
distribution between blood and tissues. As concentration
increases the proportion of freely diffusible cortisol apparently
mereases. In addition, the proportion which is removed by
adsorption on surfaces or by engulfment by cells probably
increases. The net effect is to make the increased level of the
hormone more available proportionately to tissues.

Age also affects cortisol metabolism. Beyond 65 years of
age there 1s a significant decrease in the rate and volume of
distribution to the tissues, and in the rate of metabolic
removal. i

Hepatic damage primarily reduces the rate of metabolic
disposal. In the presence of an undamaged hver, however,
alterations in hepatic blood flow will also change the rate of
cortisol metabolism.

Renal damage indirectly affects the rate at which i:ree
cortisol is removed from the circulation through accumulation
of the conjugated end-products. There is a direct r(‘.lathﬂS'h‘P
between the clearance of conjugated 17-hydroxycortico
steroids and creatinine clearance, indicating that glomer.u'ﬂl'
filtration is a major factorin disposal of the steroid metabolites:
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Thyroid function is related to cortisol metabolism through
its influence on the metabolic rate of both the adrenal and
the hepatic cells. The influence on the latter appears to have
the greater effect on cortisol turnover. Hyperthyroidism may
also alter the distribution between plasma and tissues.

The chemical and radiochemical methods now available
provide tools for the study of the dynamics of cortisol meta-
bolism in the human being, and their further appheation and
refinement should provide much more detailed knowledge
of the function of the hormone 1n both normal and pathological
conditions.
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Getvelly the fat level was if angthing o hittle under what might nate
g:te‘rxxagpl:m!d by evtra-cellular space In the fatty tissues, though it
probably could be within that range.
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excluded begin to penetrate. If you protect the metabolism of the red
cell you reduce or prevent this. Then, if you have an inflammation of
the central nervous system, the concentration in cerebrospinal fluid,
which 13 This is also the
time when such thmgs ag mdme Will now pass the blood-bram barrier.
So 1 have in the back of my mind an 1dea to be further explored, the
1dea that lhe same systems thch actively prevent the entry of other

. .
radioactive steroid, Those studies, of course, were made where concen-

the red cells?
b S

siguiticant increase 1n rate of production  So our interpretation of thecs
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two factors has been that the thyroid hormone increases the totalenert
supply to the enzyme systems, both in the Iiver and in the adrenal, anc
that the hepatic increase is a greater one than the adrenal, proportet
ately; this may be sunply beeswse of the greater mass, I{ the destructis
were greater one would anticipate that you should get a sltight lowerinf
of Jevels, and that doesn’t seem to be true. So perhaps the apparer’
difference between production nnd destruction is one that is artifical it
the experiment, but actuaily they are in balance in the individual,
Prunty. ¥ thmk there 15 o balance because, 1 you study the end orgat
effects 0 respeet to blood sugar and sodium retention under these cod
ditions, they both wncrease. This suggests that it is not merely & quich
removal of more rapidly metabolized hormone. o
Samuels+ This raises another interesting question; if we have an it
crease 1 the metabolic rate of eells in the target organs, can it not by
that the effect of a given amount of the hormone may be moreased?
Prunty: Yes, it could be. . .
Dush: Prof. Prunty, did your shde refer to a constant administratior
of cortisol, ar were the figures there of endogenous steroid productiot
under ACTH stimulation?
Prunty. There was constant adminstration of ACTH. '
Bush. Dr. Samuels, you gave sotue figures on the excretion of freely
extractable counts per minute . your tracer expeniments, Did 1 Q“’f"’
correetly that your first sample was obtained during a cartisol infusien
m both in which you the two?
Samuels: No,
Hush: 1 see, the first one was an F infusion, and you had a plasntd
value af 108 yg./100 mi
In the other experiments where your urinary-free F, or counts pes
minute per hitre was about third of the p T t, ond the
plasma value was 8 0, you wete in fact attuibuting the difference to "‘:
plasma concentration rather than to the time at which the experumer
was done? U h
Samuele- The tracer was given as & single wmmediate injectionin bot
cases. The tracer would be more dilute in the case where the level 128
108 p2./100 ml. plasma, so that if the same propartion of the fevel wos
removed, in other words if you were filtering out thirty tumes ad mnfhv
or Lwenty-five imes 5 much in one ease s you were in the other, you
would stilf get anty the same amount of isatope out. When you get
prenter proportion of wotope excreted, you must have had sn wnercasts
nat only proportionate to concentration, but even greatel. Thercfo:“y
the ratio between unfiltrable and bound hormone must have mcmas2 s
Zush: 1 think I con show a graph thi afternoon that mught shiow th
explanation te be possible.




CIRCULATING STEROID HORMONE LEVELS IN
RELATION TO STEROID HORMONE
PRODUCTION

Wiitriam H. PEARLMAN
Guy's Hosputal Medical School, London

The Turnover Time of Endogenous Hormone
in the Blood Pool

Introduction

In the following presentation, an effort will be made to
establish a quantitative relationship between the amount of
steroid hormone which the body produces and the amount
which circulates 1n the blood stream. At the steady state
when the endogenous production rate (r) and the total
amount (M) of circulating hormone are constant, the following
relationship obtains:

NE

=7 e (1)

The symbols M and r have already been defined; 7' 1s the
turnover time, 1 e. the time required for the complete replace-
ment of the circulating hormone by a fresh supply from the
endocrine gland. Since M 1s a product of the blood hormone
coneentration (C) and the blood volume ( V), we have:

= cy 9
== ceee (2)

Thus the blood hormone level 1s a function of the product
of the hormone production rate (r) and the turnover time (7)
in the blood pool. As the response of the target organs 15
dependent on the blood hormone concentration, 1t is impor-
tant to understand not only the factors contmllmg the

"
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turnover time in the blood pool under normal and pathological
condttions.

In connection with equation (2), it is desirable to know, at
the moment the blood sample is withdrawn for hormone
estimation, the instantaneous rate of endogenous hormone
production rather than the average rate over s long period of
time. The followmg procedures have been employed in

imating hormone production rate:

(@) A known amount of the hormone is injected and the
percentage urmnary recovery as the original hormone or its
metabolites 1s determned. From the urinary steroid excretion
rate m the control or pre-injection period, one may then
estimate the average rate of endogenous hormone production
This estimate 1s subject to certain reservations since it 15
assumed that the rate of hormone metabolism js uniform
throughout the post-injection collection period and is identical
with that in the pre-mjection control period. It should also
be noted that the dose of hormone administered usually
exceeds the physiologieal level.

{5) A more rehable and accurate estimate of the average
rate of hormone production may be obtained by a procedure
simular to that above but employing isotopically labelled
hormone. One need determine only the specific nchvit}"ﬂf
the urinary exeretion product since the amount and specific
activity of the hormone injected are known. Most of the
assumptions made in applying procedure (a) above apply here
as well, although a tracer dose of hormone may be admin-
istered. However, the analytical errors are considerably
reduced. It is assumed that the urinary metaboelite 1s derived
entirely from the hormone, which may not necessarily be the

case.
(¢) The instantancous rate of hormone sceretion may be

caleulated from the difference in the arterio-venous hormone
concentrations of the endocrine organ in question and the r-'lt.c
of flow of blood through that organ. Expcrimcntnlf}’, _ﬂ"‘
¢ is difficult to perform and is of limited application.

procedur 1 of lim 1
Iso be subject to serious technical inaccuracies.

It may al



CircuraTiNG STEROID Horyone LEVELS 235

{d) The instantancous hormone produection rate may also be
determined by injecting a trace amount of isotopically
labelled hormone and observing the rate of decline of the
specific activity of the hormone in semal blood samples
obtained at stated intervals.

The last mentioned procedure requires further description
(for the theory of tracer methods, see Siri, 1949). The amount
by weight of hormone injected must be very small in relation
to the total amount of inert hormone circulating if the system
is not to be disturbed; a steady state must be maintained in
which the hormone blood level and the rate of endogenous
hormone production remain constant. A first order reaction
may be expected wherein the rate of declining concentration
of radioactive hormone 1s directly proportional to its concen-
tration at any given nstant:

dac

=t ... (9)
The integrated equation is:

C=C,e® el (9)
or 23 log% =kt

where C, is the initial concentration of radioactive hormone
and C the concentration after ¢ minutes, and % 1s a constant
called the turnover rate. The value for k 1s obtained most
readily when C = 0-5C, for then equation (4) becomes:
B 2008 )
4

in which ¢, 1s designated as the half-life time. The turnover

rate, k, is the fraction lTrl of the total amount of hormone

replaced per unit time. 3! is the total amount of hormone
(labelled and unlabelled); 7 is the actual rate at which the
hormone leaves the vascular compartment and hence, at the
steady state, 1s the rate of production of endogenous hormone.
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The reciprocal of the turnover rate (k) is called the furnover
tame (T). .

The proceduzes just described have been employed by
various 1nvestigators. The data thus abtained may be utitized
in estimating turnover time, as will be discussed below. The
turnover time values thus far derived are appmximate in
most cases.

Progesterone

The rate of production of endogenous progesteront in late
pregnancy was deternuned by Pearlman (1937) to be of the
order of 0+ 25 g. per day; the caleulatinns were based on isotopt
dilution procedure involving the admmistration of {164
progesterone and the subseguent ssolation and determination
of the specific activity of urnary pregnanediol. Zander and
Munst (1956} have independently arrived ot 8 syrlar
concluson. They estimated an endogenous progesterent
production of 190 to 280 mg. per day towards the end ©
pregnancy on the basis of the progesterone content of utcr}ﬂe
vein blood {Zander and Munstermann, 1954) and the utenn®
blood flow. Hence, about 170 pg. progesterone enters and
Yeaves the vascuslar compartment per muute inlate pl'tgmm)"
Thts 1s an average value taken over the course of 24 hoursi
1t may vary appreciably from one minute to the next and also
from one individual to another at any given stage of preg:
nancy. According to Zander (1055), the progesteront level in
late pregnancy 15 0-08 ug. per ml blood. This value, Iikewise,
is an average one, the range being 0-02 to 0-15 eg./ml- Blood.
These determinations were based on paper chromatography
of blood extracts and measurement of the optical density’ ot
240 map. of the eluates of the progesterone “spat”; the final
jdentifieation of the hormone was made by infrared absorptiot
pnalysis (Zander and Simmer, 1954), Now, if the total blood
yolume in pregaancy 15 assumed 1o be about 7000 mb. and the
above values are substituted in equation {2}, we arrive ot B
turnover time of progesterone of about 3-3 minutes. In this
short interval, the total smount of progesterone in circulation
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has been replaced by a fresh supply, chiefly from the placenta.
This is a crude approximation, but one which 1s none the less
quite instruetive. For example, one would expect the blood
progesterone level to fall precipitously to non-pregnancy
levels within a half-hour or less following parturibion. At
present, direct chemical estimation of the low progesterone
blood level in non-pregnancy is exceedingly difficult for lack
of o sufficiently sensitive and specific method; an indirect and
approximate estimate might be made by application of
equation (2) after having determined the rate of endogenous
progesterone production. It has not been established, how-
ever, whether the turnover time varies with the endocrine
status of the individual. In this connection, 1t is pertinent
that the intermediary metabolism of [16-*H]progesterone in
pregnancy was found not to differ markedly from that in non-
pregnancy in the absence of luteal function (Pearlman, 1957).
The valdity of the trittum label for this purpose was esta-
blished in a study in collaboration with Dr. Tait and others
(to be published). A solution of [16-3H]progesterone and
[4-'1C]progesterone was injected 1nto a cancer patient; the
ratto of 3H/KC in the urinary pregnanediol was found to be
identical, within the limits of experimental error, with that of
the hormone 1njected.

The most important factor accounting for the rapid dis-
appearance of progesterone from the blood stream i preg-
nancy is probably the rapid rate at which the hormone
undergoes metabolic transformation into biologically inactive
products. This may be inferred from the following consider-
ations: (a) very little of the hormone as such accumulates in
the body, and (b) the amount of progesterone in pregnancy
urine 1s a very small fraction of the total amount produced
in the body m marked contrast with the prodigtous quantities
of the urinary metabolites. That the liver 1s an important site
of progesterone metabolism has been demonstrated in experi-
ments on animals. In a case of infective hepatitis 1n a woman
in the 16th week of pregnancy, the progesterone blood level
was found to be very lugh, about 0-4 pg./ml. blood (Butt,
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Morris, Morris and Williams, 1051). Since endogenous
hormone production in carly pregoancy is low, one suspects
that the turnover time of blood progesterone may have been
very much prolonged in this case.

Qestrogens

The turnover time of oestrogens in the blood in pregnancy
may be derived in a fashion similar to that just deseribed for
progesterone. Pearlman, Pearlman and Rakoff (195%) in-
jected [6 : 7-2H]oestrone acetate into women in late preg-
nancy and determined the recovery of the isotope in the major
urinary oestrogens; the course of oestrone metabolism was
found not to differ appreciably from that in non-pregnancy,
and presumably this applies also to oestradiol-178 and
oestriol. Accordingly, one may estimate that about 85, 5 and
20 mg. oestriol, oestradiol-178 and oestrone, respectively, are
claborated per day in late pregnancy; the oestrone figure is
based on 1sotope dilution procedure, the others on the recovery
of urnary oestrogen following the administration of the inert
hormones in non-pregnancy. Now, as to the blood oestrogen
concentrations in human pregnancy; these are difficult to
express in terms of muerogram amounts of the indvidual
cestrogens from the bioassay data available in the lterature.
Goldberger and Frank (1942) found 600 to 1300 mouse Units
of oestrogenic activity per L. blood in late pregnancy, employ:
ing alcohol-ether extracts of blood. Rakoff, Paschkis and
Cantarow (1943) found 80 to 120 mouse units of frec oestrogen
per 100 ml. serum m late pregnancy, obtained by .clher—
alcohol extraction; the concentration of oestrogens in the
serum was identical with that of whole bleod, Accm',dl‘“g t,o
Szego and Roberts (1946}, the major oestrogenic actml}" in
human pregnancy blood is assaciated with a fraction sdentical
with or resembling ocstriol; in advanced pregnancy {55
months} a dmlysate of bloed contained by bioassay the
cquivalent of 0+55 pg. ocstradiol-17¢ per 100 ml biood.
Diezfalusy (1953) obtained blood from patients lmmct'*lﬂu'l):
followng delivery of the placenta and found by fluorimetry
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41:8, 16 and 19 pg. free or unconjugated ocstriol, ocstrone
and oestradiol-17B, respectively, per kg. blood. From
Diczfalusy’s data and those cited above on endogenous
oestrogen production, the turnover time of the various
oestrogens in blood may be caleulated to be about 6 minutes
or less; considerably more data, preferably on the same
experimental subject, are needed for a better approximation.
Like progesterone, the oestrogens have a short turnover time
1 the blood stream, the liver being an important site of meta-
bolism and biological nactivation. By way of contrast, 1t is
noteworthy that Zondek and Black (1947) observed normal
blood (and urine) levels of endogenous oestrogen 1n severe
cases of infective hepatitis in pregnanecy. These investigators
suggest that the acutely diseased liver m an advanced stage
of atrophy is still able to inactivate the large amounts of
endogenous oestrogens produced during pregnancy.

Testosterone

There 1s not at present sufficient data to caleulate the
turnover time of endogenous testosterone, but it 1s probably
quite short. Fukushima, Bradlow, Dobriner and Gallagher
{1954) determined, 1n expeniments with isotopic testosterone,
that the upper imit of testosterone production in a normal
young man was about 17 mg. per day. McCullagh and Osborn
(1938) prepared an extract of 50 ml. unhydrolysed blood
(obtained from a young man) and observed that 1t gave no
capon comb growth; acid hydrolysis gave 4 Lu. per 100 ml
blood. During = discussion at a recent Laurentian Hormone
Conference, Migeon (1956a) mentioned that he was unable to
detect testosterone in as much as 2 5 1. human plasma. This
suggests that the turnover time of testosterone 1n the blood
pool must be very short. Slaunwhite and Sandberg (1956)
recently reported m an abstract on the rate of disappearance
of mtravenously injected [4-1iCltestosterone m human
subjects. The racioactivity of the unconjugated steroids in
the plasma disappeared exponentially at two rates with half-
lives of 10 and 75 muinutes. The radioactivity contributed by
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plasma testosterone was apparently not determined, and
consequently one eannot state precisely its rate of disappear-
ance nor derive a turnover time value for the hormone in the
blood pool. The precise nature and amount of the androgens
secreted in the human species is not well established, nor that
of the active {free) androgens 1n the blood, although data on
conjugated Cy, steroids in the blood have been aceruing in
recent years (for example, Migeon, 19565).

17-Hydroxycorticoids (cortisone plus cortisol)

From metabolism experiments with [4-MCleortisol, Hell-
man and co-workers (1954) have estimated that the human
adrenal supplies about 80 mg. cortisol or stmilar steroids per
day. From the data furnished by Morris and Williams (1953),
the mean 17-hydroxycorticoid content (cortisone plus cortisol)
in normal subjects is 0-123 pg. per ml. plasma. From the two
sets of data and by application of equation (2) above, assumirg
a total plasma volume of 3-3 1. and that 75 per cent of the
blood corticosteroid is in the plasma, the turnover time of
endogenous 17-hydroxyeorticoids in the blood is calculated
to be about 26 minutes. This value is by comparison much
longer than that for progesterone (8-3 minutes).

Another approach to an approximate estimate of the turn-
over time may be made on the basis of the data furnished by
Bondy and Altrock (1953). These investigators determined
the rate of secretion of 17-hydroxycorticoids in normal human
subjects by collecting simultaneously samples of left ren‘nl
vein and arterial blood and determining the difference it
concentration of the hormone; from the renal blood flow rate,
the rate of endogenous production of l7-hydroxycorticolds
was calculated. Utilizing their data, this author derived &
turnover time of 81, 26, 78 and 19 minutes in the four normal
subjects respectively; the mean value js thus 87 minutes.

Peterson ond Wynganrden (1956) have determined by
tracer methods the turnover rate of cortisol in man and its
miscible pool. The amount of [4-¥C)eortisol which was intra-
venously injccted was sufliciently small, for example 200-500
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pg. to satisfy the tracer requirement; in the serial plasma
extracts, the labelled hormone was isolated by paper chroma-
tography and its specific activity determined. The logarithm
of the specific activity of the plasma hormone was plotted
against fime. There was initially a rapid decline lasting about
20 to 80 minutes, which was regarded as a period of equilibra-
tion of the labelled steroid in an exchangeable cortisol pool.
In the subsequent period, the curve was linear; extrapolation
to zero time gave the specific activity of the cortisol in the
miscible pool. The half-life time of this pool was found to be
83 minutes (average) and the rate of endogenous hormone
production ranged from 17 to 29 mg. per day {nine normal
subjects). The volume of the miscible pool was obtained by
dividing the amount of hormone in this pool by the plasma
hormone concentration. The apparent volume of the miscible
pool was thus found to range from 8 to 17 1. As the authors
have pomted out, “it is unlikely that the volume has any
physical reality, since protein binding in the extravascular
spaces is probably not quantitatively identical with that in
plasma, . ..” From Peterson and Wyngaarden’s data, no
definite conclusion can be made as to the turnover rate of
plasma cortisol, nor as a matter of fact do the authors venture
to do so. However, the following interpretation of the expen-
mental data might be made. The radioactive hormone is
uniformly distributed within the plasma pool almost imme-
diately followmng mjection. The plasma hormone 1s fairly
rapidly metabolized as indicated by the steep dechine in its
spectfic activity during the imtial period (20 to 30 minutes).
Simultaneously, the labelled plasma hormone slowly equili-
brates with an unlabelled pre-existing hormone pool, for
example 1n the endocrine gland, liver, and possibly elsewhere.
In the subsequent period, the latter pool which has now
attained a maximal specific activity, slowly equilibrates with
the plasma hormone pool which now possesses a low specific
activity. In consequence, the specific activity of the plasma
cortisol appears to decline slowly. How accurately are these
processes reflected by the data on exponential rates? The



242 Witriam H, PEARLMAN

difficulties in mterpretation are similar in certain respects
with those ered by Hell Rosenfeld and Gallagh
(1954) with regard to the turnover rate of plasma cholesterol.
However, if one substitutes in equation (2) above Peterson
and Wyngaarden's data on plasma hormone concentration
and endogenous hormone production rate, assuming that
75 per cent of the blood cortisol is in the plasma and that the
plasma volume is 55 per cent of the total blood volume (6 1),
the apparent turnover time of cortisol in the blood pool may
be calculated to be 47 minutes (range 21 to 90 minutes in nine
normal subjects). In a smilar study of [4-%C]eortisol meta-
bolism in man by Migeon and co-workers (1956), only the
plasma “‘free” radioactivity (chloroform extractable) was
determined and not that of cortisol. Consequently, 1t is not
possible to state precisely the rate of disappearance of the
hormone

Aldosterone and Gorticosterone
Studies on [16-*H]aldosteronc and corticosterone will be
discussed 1n the presentation by Dr. Tait.

The Half-Life Time of Exogenous Steroid Hormones
in the Peripheral Circulation

Introduction

Inasmuch as the rate of hormone metabolism is probably
the most important factor affecting not only the turnover time
but also the rate of disappearance of exogenous hormone
from the blood stream, a brief review of studies of the Jatter
type is pertinent. Although a parallel may be expected
between the two sets of data, one must bear in mind that the
half-hife time of exogenous hormone in the blood cannot 'bc
employed in calculating the turnover time, as thesc §tudlcs
come under different categories. In many of the experiments
about to be described, the jnitial level of exogenous h'ormon?
in the blood far exceeds the physiological level, pnrtwulnrl}
in the case of progesterone and testosterone,
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The investigators usually plot the logarithm of the blood
hormone concentration against time; a straight line plot is
observed, suggesting a first order reaction. Actually, there
appear to be two or possibly more first order reactions:
initially, the slope (k) of the curve in the semi-logarithmic plot
1s steep and of short duration, and may be referred to as the
minor component; 1t is noteworthy that the slope of the
major component appears to remain constant as physiological
hormone levels are approached. The half-life time (;) of the
respective components may be obtained from the equation
k= 0—'693. The vanous steroid hormones will be discussed
and the‘half-life time of the major component will be the one
gven.

Progesterone

In the proneer experiments of Haskins (1950), about 10 mg.
progesterone were mnjected intravenously into each rabbit and
the hormone concentration estimated by deterruning the
optical density at 240 mp. of extracts of plasma samples
subsequently obtamned at stated intervals. Later, Zarrow,
Shoger and Lazo-Wasem (1954) carried out similar experi-
ments, except that progesterone was estimated by bioassay
employing the intra-uterine technique of Hooker and Forbes
(1949). Haskins (1950) and also Zarrow, Shoger and Lazo-
Wasem (1954) plotted the hormone concentration against
time; 1f one recasts their data as a semi-logarithmie plot, 2
linear relationship with time will be observed. The data
furmshed by the two groups of investigators were found in
this fashion to be in good agreement. The minor component
of the curve is of very short duration and 1s 1ll-defined. The
half-lfe time (major component) is 4:9 and 11-5 minutes in
mtact and hepatectomized rabbits respectively, based on the
data of Haskins (1950); one obtains similarly 3-3 and 9-1
munutes respectively from the data of Zarrow, Shoger and
Lazo-Wasem (1954). It 15 significant that, in these experi-
ments in which the dose of admimstered progesterone is large,
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there occurs during the intial period o rapid diffusion of the
hormene from the circulation mnto the tissues, particularly
into the fat depots (Zarrow, Shoger and Lazo-Wazem, 1934);
however, within an hour, the hormone is no longer detectable
mn the fat. O pertinent interest 15 the observation by Kauf-
mann and Zander (1956) that there 1s about 17 ug. endo-
genous progesterone per g. fat tissue in women at the end of
pregnancy. In animal experiments in which trace amounts
of [21-1C]progesterone were administered (Barry et al., 195%),
the hormone did not accumulate to any significant extent in
any of the organs or tissues examined.

In experimental studies on man, the amount of progesterene
mtravenously admimstered was lkewise far above the
phystological level; the sampling of blood was too infrequent
to permit a precise determnation of the rate of disappearance
of the hormone. Thus, Haskins (1950) mnjected 100 Mg
progesterone ntravenously into a pregnant woman with
antepartum eclampsta and found a progesterone concentration
of 3-8 and 1 6 pg./ml. plasma after 1 and 8 minutes respec:
tively. Zander (1954) injected 200 mg. progesterone intra-
venously into I 1 or ovariectomzed women; the
hormone concentrations were 1-44, ¢-116 and <0-1 v-},"/"‘)
blood after 3-5 minutes, 2 hours and 24 hours respectively:
These results clearly indicate that exogenous progesteront
rapidly disappears from the blood stream in man,

Testosterone
Haskins (1950) observed the rate of disappearance of intra-
venously injected testosterone in rabbits, employing the same
procedures and analytical technignes as in the case of pro
gesterone (sce above). His data, when replotted as the logar-
ithm of the blood hormone concentration against time, suggest
a Iincar relationship; the half-hife time (major component) i
82 and 98 minutes in the intact and hepatcctomize‘d rabbit
respectively. Thus, hepatectomy does not appear to mﬂwalce
imarkedly the rate of disappearance of the hormone. Howev :f:
hcpntectomy-nephrectomy markedly prolongs the testo



Crrcurating Sterorp Hormone Levers 215

sterone level according to West (1951), from whose data one
may derive a half-life time of 4-1 and 46 minutes 1n the intact
and hepatectomized - nephrectomized rabbit respectively.
There is an initial period 1n which the testosterone is found
high concentration in the fat stores. West, Tyler, Brown and
Samuels (1951), also West, Tyler and Brown (1951), infused
testosterone intravenously into human subjects m doses of
147 to 186 mg. Blood samples were taken at intervals and
testosterone determmed by measuring the absorption of the
extracts at 240 my. The nvestigators clearly demonstrated
that, following a short equilibration period, the testosterone
concentration in the blood declined in a linear logarithmie
course with respect to time. From their data, one obtains a
half-life time (major component) of 17 minutes. The rate of
disappearance of testosterone 1n patients with liver disease
(cirrhosis) did not appear to differ sigmficantly from that in
normal subjects,

Qestrogens

It 15 well known that oestrogens are rapidly metabolized 1
the body and that the hiver 15 a site of major importance.
There are, however, no extensive data to indicate the precise
rate of disappearance of exogenous oestrogen from the blood
stream, Rakoff and co-workers (1944) mjected a dog with
250,000 1.u, oestradiol intravenously and found 1200, 800 and
580 1.u./100 ml. serum after 10 minutes, 1 hour and 5 hours
respectively. It would seem that there is initially a very rapid
disappearance of oestrogen but that the small amount of
oestrogen which remains disappears slowly. It will be noted
that the dosage was much above the physiological range and
that the oestrogens in the blood were not partitioned before
bioassay ; undoubtedly metabolites such as oestrone must have
been formed.

Cortisol

The following studies show that exogenous 17-hydroxy-
corticoids disappear from the blood stream slowly, that is by
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comparison with progesterone. It may be recalled that a
similar relationship was obtained as regards the turnover time
of the respective endogenous hormones.

Peterson and collaborators (1955) infused 50 to 100 mg.
amounts of cortisol intravenously over a period of 20 to 80
minutes in human subjects. They plotted the logarithm of the
plasma cortisol concentration agamst time; a lnear relation:
ship was obtained, and the half-hfe (major component) was
114 £ 6 5 minutes. The determination of cortisol was based
not on the isolation of this compound but on the optical den-
sity at 410 mp. after treatment of the plasma extracts with
phenylhydrazine; however, cortisol is largely measured
thereby. Peterson and co-workers (1955} also infused trace
amounts of [4-1%Cjeortisol and observed a half-life time of
60 to 90 minutes, based on the amount of isotope in the plasma.
As they have mentioned, this does not represent unaltered
cothisol, and, ndeed, a large fraction is not cortisol. In 3
similar experiment, Hellman and co-workers (1954) found that
a maximum of 13 per cent of the circulating radioactivity
was present as unaltered cortisol 15 munutes after the end of
the mfusion. Sayers and collaborators (1955) infused 100 mg-
cortisol 1ntravenously over a pertod of 20 to 40 minutes.
Plasma cortisol was determined by silica gel chromatography
and fluorescence; the half-life time of the hormone was 80 to
140 minutes.

The liver 1s a very important factor i determining the mate
of disappearance of exogenous cortisol. In the infusion expent”
ment of Peterson and co-workers (1955), the plasma lc"61§ of
this compound remained much higher in patients with eirr
hosis. The same observation was made in an earlier study of
2 stmilar nature by Brown and collaborators (1954). Jarding
and Nelson (1952) had observed a marked difference in the
17-hydroxycorticoid levels in arterral and hepatie venous
blood of & dog during and after mfusion with cortisone.

That the liver plays a central rdle in the metabolism of
steroid hormones was amply indicated by Hellman and colla-
borators (1056) in tracer studics of the absorption and meta~
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bolic fate of [4-1C]cortisol, cortisone, corticosterone and
testosterone.

Concluding Remarks

The turnover time of steroid hormone in the blood pool
expresses the quantitative relationship between the amount
of hormone produced and the circulating blood hormone level.
It appears to be chiefly an index of the rate of metabolism
of the hormone, the liver being the major site of this process.
The turnover time indicates a nct effect but does not reveal
the nature of the metabolic process. The turnover time may be
readily calculated by estimating the blood hormone level and
the hormone production rate; the latter is most simply
obtained by method (b) (cited above) which requires but a
single determination, that of the speaific activity of a urinary
hormone product. Hormones such as progesterone and the
oestrogens have a very short turnover time 1n the blood, for
example about 3 to 6 minutes, in contrast to that of cortisol
which is about 26 to 47 minutes.
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DISGUSSION

Domrr Lo

" L cutumans ves, 1 think the Pointis very well taken. 1t woug modify
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the calculations to a certain extent, and what T have presented is perhaps
an ove ~simphfication of the pm\)\em. 1t 15 certainly important to have
more on the of the steroid h by the
foetus.

Diczfatusy: I think 1 have some data which might have a bearing on
this problem.

P SR OR POV

Table I (Diczfalusy)

EXCRETION OF OESTRIOL (tg./l URINE) IN NEWBORN BOYS.
EACR VALUL REFRESENTS A URINE POOL FROM 8 T 20 BOYS.
(after Diczfalusy, Tillinger and Westman),

Day of bfe
Experument
2 3 4 5 6
1 5706 2700 630 €9 121
2 8R78 3960 595 48 84
3 5997 anrz 386 72 32
4 9200 3287 587 o7
5 4661 1271
(3 8428 3878
7 1518
Mean Tioz 2827 550 o T}
l_s.n. a2y | (1070) (1) a1 ©s)
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identified. I might add that spproximately 95 per cent of the oestriol
wvas in the conjugated form.

When such newborn boys were injected with oestradiol-173, very
Little if any oestrone or oestradiol-178 could be detected, whereas oestriol
excretion seemed to be within the normal range (Table 1), These data

Table IT (Diczfalusy}
EXCRETION OF OESTRONE (OE,), OESTRADIOL-173 (OL,) AND OESTRIOL (OE,)
IN NEWBOBN BOYS, FOLLOWING THE ADMINISTRATION OF 500 g OESTRADIOL:
173 (IN OIL) ON THE FIRST DAY OF LIFE, EACH VALUE IS EXPRESSED A3 g/l
AND BEPRESENTS A URINE POOL FROM 8 TO 20 5OYS
(after Diczfalusy, Tullinger and Westman).

“Free” “Conjugated”
Day of lfe
OE, OE, OE, OE, OE, OE;
S
2 00 0-0 133-0 17 oo | ouoo
3 00 -0 613 0.0 00 200
4 00 00 00 0-0 0.0 LEow
5 00 0.0 00 0-0 0o 240
6 00 00 0-0 0-0 00 180
2 00 0-0 176 0 2:0 oo | om0
3 00 o0 16-0 00 0-0 1777
4 00 00 40 00 00 436 H
5 0-0 0-0 39 00 00 1"'o
¢ 00 [ oo 0:0 00 3
[ P PO S S

3 2o e ahea frnctre gnd
t

. e
penipliersl DICVY, & HAVE DUEN BULE O determine these Hi & Buma: v:
domestic animals, and they range from about 0 8 to 0-2 pg. progesteron®
per 100 ml plasma, If one takes the available figures for the [3!05.";:
terone content of the human corpus Iuteum and compares them # l!_‘jn"“
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you have a short turnover time this may make a very sigmficant differ-
ence to the blood levels,

Pearlman- Yes. The values for r by the first two methods indicated
would give us the average production rate, and these are not of course
the mstantaneous production rates, which one should really have.

Bush: T very much agree with Mr. Short I think the fact that you
found m pmctlce ev:dcnce of t\m or thr‘ce lst order renc!mm mn the

infusions one gets totally different values ﬁ‘om the distribution Df corti-

Fur these turnover times

are short compared with the time taken by many substances of smaller
molecular weight to reach a steady state in man after infusions.

T think also that your argument that only one measurement is needed

on the urmn: horrnone or memb lite does. depend on \vhz\t class of

crrhetanne -

Tne 4L Ly 1y €St ot & suge Ulle WouId Dave 1o
take, say, which has a to get relmble
ﬁgures l thmk l.hat wnh progestemne n.self £ you s would be hkely co bemn

by these considerations N

AMorns The turnover time is really a mathematical rather than a
physical pieture; I think that 1s the thing to bear in mind—that 1t 15
denived from an overall 1st order reaction, which 1s just a sum of
Pprocesses, It 1s none the less useful,
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PERIPHERAL BLOOD
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ONg of the major difficulties m studying the physiofogically
active constituents of human blood lies in the small amounts
that are ble through chemical extraction procedures,
and the associated problems of acquiring adequate quantities
of material for analysis. Some years ago, we attempted to
cireumvent this problem by directing our attention to the
circulating steroids of the ilaterally nephrectomized dog, o
the assumption that in the absence of kidneys, or of adeguate
kidney function, the steroids normally cleared from the blood
would accumulate to levels which would permit their ready
deteetion. By studying the dialysates resulting from the
treatment of these dogs by the technique of “extra-corporeal
dialysis" (Kolff, 1947), we were successful in demonstrating
the presence of both free corticosteroid and corticosteroid
conjugated to glucurome acid (Savard, Xolff and Corcorat,
1952). In the intervening years, the presence of both conju-
gated and non-conjugated corticosteroids in human pcriphel'ﬂ1
blood has been amply demonstrated (Bongiovanni snd
Fberlein, 1955), and they recently have been elegantly
characterized by Vermuelen (1956). The qualitative study of
the circulating steroids in situations of anuria or renal failure
in the human has, bowever, remained unexplored, With the
generous co-operation of Dr. Warren Guild of the Kidney
Taboratory of the Peter Bent Brigham Hospital of Boston &
suitable patient was selected for study,

The patient was 2 22-year-old woman with acute tubular
neerosis resulting from a massive haemorrhage due to 20
abruptio placenta which occurred at the end of an uncompli-

arm
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cated full-term pregnancy. The anuria had been of 8 days
duration, and no more than 0 to 50 ml, urine per day had been
formed. The patient was not in Dr. Guild’s hands until the
eighth day and consequently no chemical data relative to
circulating steroid levels are available; she was, however, in
extreme uraemia with a CO,-combiming power of 12-8
m-moles/l., a blood urea nitrogen of 150 mg. per cent, and a
serum potassium of 6-7 milliequivalents/l. The patient was
placed on the “artificial kidney” and the peripheral blood
subjected to extra-corporeal dialysis (Kolff, 1947) through
Visking tubmg against a 100 1. bath of rinsing fluid. Two
additional dialyses with fresh mnsing flmd served to reheve
the patient, who went on to recovery.

The 100 L. fluid from the first dialysis were used in the
present study. The method of concentration and extraction
of the total steroid fraction was essentially that employed in
our first study on dogs and originally described for the isola-
tion of oestrogen conjugates from urine (Grant and Beall,
1950). It consisted in treating the flud twice with activated
charcoal, once with 100 g. (0-1 per cent by weight) and once
with 30 g. (0-03 per cent). The combined adsorbates were
rinsed first with tap water, then with a little acetone and air
dried. The charcoal was suspended 1n 2 1. pynidine contammng
10 per cent water and stirred for several hours. The suspen-
sion was filtered and the elution was repeated. The combined
pyridine filtrates were evaporated to dryness under reduced
pressure and the last traces of solvent removed in vacuo over
sulphuric acid. The residue was dissolved 1n 1-5 1. water to
gwe a pale yellow solution, distinctively urine-like 1n char-
acter. Experiments on the recovery of cortisol in varying
amounts from 30 1 water (Table I} indicate that at the low

" concentrations of steroid, a smgle absorption with 0+1 per
cent of charcoal gives 90 per cent recovery (see Levy and
Kushinsky, 1954).

The solution (pH 6-5) was extracted five times with 500 ml,
ethyl acetate, and exhaustively with methylene dichlonde on
a continuous extractor. Both extragts were combined and
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blood has been amply demonstrated (Bongiovanni and
Eberlein, 1955), and they recently have bcen elegantly
characterized by Vermuelen (1956). The qualitative study of
the circulating steroids in situations of anuria or renal failure
in the human has, however, remained unexplored. “'1t'h thcv
generous co-operation of Dr. Warren Guild of the Kidney
Laboratory of the Peter Bent Brigham Hospital of Boston a
suitable patient was selected for study. -

The patient was 2 22.year-old woman with acute tubula
necrosis resulting from a massive haemorrhage due to i;"‘
abruptio placenta which occurred at the end of an uncompit

252
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patient, weight approximately 56 kg., with a presumed normal
adrenal output of 25 mg. cortisol per day, it is estimated that
Runsing Fluid (100 1)
Charcoal Absorbate (100 g <+ 33 g.)
909% Pyndioe Eluate (2 x 21)
Resndue—l‘[,o 1-51)

EtOAc | CH,Cl, BubH
Non-congugated Fraction "o
1
@-glucuromdase | pH 6 5 15vel | 9 HC
Glucuronide Fraction non-Glueuromde Fraction
189 mg

Fic. 1. Steroids from dialysate of human peripherat blood,

at least 200 mg. total steroid should have been released into
the peripheral blood since the onset of anuria. It did not seem
unreasonable to assume that a proportion of this 200 mg.

Table 11
STEROIDS FROM DIALYSATE OF HUMAN PERIPHERAL BLOOD
Conjugated
Non-
conpugated non- Total
mg B-glucuromde | glucuromde | ™8+
mg mg
Corticosteroids (F S ) 065 14 — 205
17-Ketosterouds (Zmm.3) | 5 5 031 740

1 Porter-Silber reaction (1950)
% Zimmermann reaction as modified by Wilson (1954).

should have undergone dialysis and should have been re-
covered by the extraction procedure. We therefore must con-
clude that very little steroid indeed had passed from the
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Table I
TRECOVERY OF CORTISOL FROM WATER
(by charcoal-pyrid tare—Portor-Stlb )
2 F
Cortisol Water Charcoal | 909% pyrsdine
mp Iy ©1%) g ml
100 30 30 8 x 200
10 £ 30 8 x 200
5 30 30 3 x 200
1 EY 30 3 x 200 105 105

washed m the cold with dilute alkali to provide a neutral non-
conjugated steroid fraction weighing 173 mg. The aqueous
solution was then adjusted to pH 1-0 and extracted scve.rﬂ‘
times with n-butanol to remove the conjugated steroids
according to Cohen and Marrian (1936). On removal of the
butanol, the residue was dissolved in 800 ml. water and
incubated for 48 hours with bacterial g-glucuronidase (40,000
u.) at pH G-5 in the presence of chloroform. Continuous
extraction at pH 6-5 and agam at pH 1-0 with methylenc
dichloride yielded a neutral conjugated fraction weighng
189 mg. Treatment of the orginal aqueous solution with
15 volumes per cent of concentrated hydrochloric acid and
carbon tetrachloride under reflux according to Itubin and
co-workers (1954) provided a non-glucuronide conjugafcd
fraction weighng 9 mg. The extraction and fractionation
procedure is shown in Fig. 1.

The steroid content of the free fraction and the two con
jugated fractions was determined by the Porter-Silber .rcncm"
(1950), and by the Zimmermann reaction as modified by
Wilson (1954). The results are given in Table IL

These quantities of steroid, totalling less than 10 mg- “01'0.
somewhat unexpected. At least they were not expeeted by
the nuthor, for the following reasons. First, in the case of our
earlier studies, two dogs yielded a total of 2-9 mg. corti-

costeroid and 2-2 mg. 17-ketosteroid, In the case of this
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{a-ketols) were seen whose absorption spectra in sulphuric
acid were unfomiliar. Our attention has been directed
primarily to the 17-ketosteroids, whose quantities exceed
those of the reducing steroids. These were examined on paper
chromatograms in the ligroin-propylene glycol system. The
major part of this fraction was found to consist of three
individual 17-ketosteroids, whose mobilities indicated the pre-
sence of three oxygen functions. Compansons of chroma-
tographic mobility, alone and in admixture with reference
substances, and absorption speetra in sulphuric acid revealed
the two major compounds to be 118-hydroxyandrosterone and
11p-hydroxyaetiocholanolone. Inthe case of thetinrd, theleast
in quantity of the three, the results were equivocal between
11-ketoaetiocholanolone and 11-ketoandrosterone. Fhese three
compounds were found in both the conjugated and non-
conjugated fractions. Only one principal steroid was found 1
the non-glucuronide fraction, and it was tentatively character-
ized as androsterone on the basis of its chromatographic
behaviour and its sulphunc aecid chromogen., In all three
fractions, several other areas reacting to the Zimmermann
reagent were noted, but their small amounts, along with the
overwhelming of pigments, d ged any attempt
at characterization (see Migeon and Plager, 1955; and Clayton,
Bongiovanni and Papadatos, 1955).

This is the first time that the 11-oxygenated-17-ketosteroids
have been observed in human perpheral blood. The aceumu-
lation of these compounds is no doubt due to the prolonged
anuria and to the fact that the normal catabolites of cortisol
and cortisone (tetrahydrocortisol and tetrahydrocortisone and
others), which normally would be rapidly cleared from the
blood, have not eseaped in the present case; these compounds
therefore are suby d to a form of biock 1 attrition and
are further metabolized to the highest point of “steroidal
entropy”, namely the 17-ketosteroids,

‘We intend to pursue these studies hoth as to the number of

patients and the directions suggested by these prelimmnary
observations.

BLOOD—Q
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patient’s blood into the dialysis fluid, in spite of a ready diffu-
sion of the patient’s electrolytes.

This raises quite a number of interesting points on which we
may speculate. A possible reason for so little steroid in the
dialysate is the association between the patient’s peripheral
steroids (which 1 this clinical situation are high) and the
serum proteins (Eik-Nes et al., 1954); these latter may be s0
modified by the prolonged anuria that the binding forces are
too great to permit dissociation. On the other hand, it may
very well be that the anticipated high accumulation of steroid
is entirely unwarranted. Perhaps the diffusion space in this
patient is much greater than mn the normal individual; the
data which Dr. Samuels has presented (p. 208) suggest thel
this is a Iikely possibility. It may also he that the routes of
steroid elimination other than the urmne, which are not very
important 1n the normal human, are now compensating for
the deficiency in urine formation. Dr. Samuels’ group
(Migeon, Sandberg and Samuel, 1956) have shown that in the
normal human, important quantities of steroid move thm“_é'h
the enterohepatic circulation; gastric re-absorption of steroids
may thus be entirely suppressed in this patient, und con
siderable amounts of steroid may be found in the facces. The
sweat, too, may be worthy of consideration in this same
regard. These routes will have to be considered in future
studies. .

‘We now return to the final aspect of this very superficisl
piece of work and consider the nature of the individus
steroids found in the rinsing fluids from this patient. The
conjugated and non-conjugated fractions were examine
separately by means of paper chromatography following
preliminary punfication on silica gel columns. Of the cortl-
costeroids present, cortisone and cortisol have been recog:
nized in the non-conjugated fraction, and tetrahydro B
(8:17w:21-trihydroxypregnane-11:20-dione) and tetrahydro

.- oam & a—lardeceermee—ews90.0ne) in the fraction
' ment with the findings
P, r reducing substances

UL Vs st
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these circumstances,

Savard: Dr, Samuels, have you made any determination of the
“duffusible space” in these anuric patients?

Samuels+ No, we have not ealeulated that and we certainly must doso.

Migeon+ We have previously reported that the two major 17-keto-
sterords in the peripheral blood of normal men were dehydroepiandro-
sterone (DHA) (1954. J. biol. Chem., 209, 767) and androsterone (1956,
J. biol. Chem., 218, 941) Similar results were obtained by Clayton and
Bongiovanni (1935, J. chin. Endocrin. Metab., 15, 693) We also found
that the best yields were obtamed when using & 48-hour continuous
ether extraction at pH 08 (1955, J. elin Endocrin, Metab , 15, 702).
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Fio. 1. (Migeon). Levels of dehydroepiandrosterone and andro-
stetone at the time of delivery in maternal and cord plasma,

The black bars show the maternal values, the shaded bars the cord
values, The figures on top of each column indicate the case numbers.
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DISCUSSION

Samuels: In regard to clearance we have made some studies of indi-

wviduals with renal disturbances and anura, There 15 Very ‘x:mrf‘“

the
ted
xas
d's

the
oup has used—we have a battery of flat areas through wiuwn °7
B atesial flows) and 1n this 6 hours the hgh levels of conjugated 17-hydr
oxyeorticosteroids were only lowered by about one-fourth.
1n regard to the distribution of compounds, the free steroids show
e T el T L e Ao bt mniugxfct;
ect

on In

. o t this

‘ ugh
levels of conj d steroids. Lurt , Ule citange uus s 0CCUT

i iately with dwresis but follows the blood urea nitrogen, 85
ltx}::ﬁeg{)lnmite \):'ere related to the glomerular filtration rate. VWhen on¢
anurte individual was dualysed the conjugated steroids level went down



Discussion 261

By using large volumes of blood, of the order of one pint, we hmc de-
tected 11-ketoaetis and 11-hy he
glucuronide fraction mn very small quantities.

Sarard- I am very happy to hear that. This was normal blood?

Kelle: Yes, 1t was normal  We did about 12 normals, and 1n three of
these we took as much as one pint of blood. We found these two com-

unds in two out of the three cases

Migeon We have had similar expenence, Dr. Kellie We have studied
a 500 ml, pool of human plasma. In the free fraction we have detected
small amounts of androst-4-ene-3 . 17-dione, DHA and androsterone.
In the glucuronoside fraction, we have detected androsterone, aetio-

any However, there was pro-
bably not more than 1 pg per 100 ml plasma of each of these 17-keto-
steroids.

Savard In a recent paper by Bongiovanni and Eberlewn (1957, J. elin.
Endoenin. Ble!nb 17, 238) the clearance rate of administered andro-
sterone and d were and a great
difference noted The rates are, I presume, irrespective of therr con-
jugation.

Aligeon* Bongiovanm and Eberlem mentioned that following andro-
s‘erone

the androsterone would not be converted to dehydroepiandrosterone.
Samuels In Mlgeon 's studies the same conclusions \vould be logical,
that the dehyd y

cations. The effect is very marked indeed, In a recent paper i J.
Amer chem. Soc., King and Craig have used this as 2 method of
fractionation.
Bush- What pH 1s this?
Morns Presumably round about neutrality. The blood would be at
neutrahty; the pH would be buffered appmvmnately to neutrahty.
Savard: A number of people have the
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With this method we have studied the plasma levels of DHA and
androsterone at the end of the 0
maternal and cord blood {1835. Johns Hopkins Rosp, Bull, 97, 415).
Qn the upper part of Fig. 1 we have the values for DIJA; on the ower
part, the valizes for androsterone. In all cases the values for the cord
plasma were hugher than thase mn the cortesponding maternal plasma.
On the other hand, there was not for

1t 15 also to be noted that maternal levels of DHA were lower than the
normal average (mean for non-pregnant females ¢ 89 7 pg. per 100
plasma). Gardner and eollaboratars have also reported a decreased
total of 17-ketosterowds m the plasma of pregnant women.

Dr. Savard®s patient had been delivered shortly before the blood
was undertaken In view of the results of our own work on IT-hefo-
steroids 1n maternal plasma at the end of pregnancy, Dr. Saverd hﬂf
probably studied a rather abnormal situation. “Tins 15 probably shy
s data did not mention the presence of DIA m the extmcts Sixce
plasma 17-hydroxycorticosteraids stay elevated for a certam penoq of
tte folloningr deliery, there 15 also the possibility that more cortics
sterords might be metabolized 1o C,, steroids; this would partly exphiin
the prepgndcmnce of Il-oxygenated-17-ketosteroids observed by
Dr. Savard, .

Savard We did not finddehydroepiandrosterene simply because we did
not fook for ¥t We felt that the presence had been competently demot:
strated, and furthermore we would have had to use a shghtly differe?
hydralytie condition than the one we employed.

Kellie* With regard to Dr Savard’s flow-sheet dealing sith m%’;‘
stituted unne, 1 understand that this was a procedure for free steroiGs
first by mannal extraction with ethyl acetate and subsequently by con-
timious extraction with methylene chlonde Was the possibibty
covered that the methylene chlonide might be extracting conpugates?

Savard Not i thus mstance, although had there been any comugﬂ';s
present they would have been removed with our extract by the sub
sequent extraction with atkal .

Kelhe 1 wondered whether this was a possible explanation of the hk“-
yield, sinee our experience 1s that on continuous extraction with rpe' ¥
fene chlonde some ¥ are d. Did you
say that most of the Zunmermann material that was found was these
1l-pxy-compounds?

Savard. Pethaps I should have phrased 1t in another way, They were
the most prominent that we encountered, but they certamnly dd no‘
aecount for the total smount of 7-4 mg. wluch was shown by Zutt
mermann

Eeltie: Does that mean that and
there ns minor components?

Sorard: 1 would say, yes; and thas 15 qinte vousmal. Ye

FKelhe. We bove made a number of determinations on normal peopie

1 7 7 and giuc
r'}fh;’ﬁc::::ce of the sulphates v about 0 5 mi. bloor pes minute L‘;;’f
that of the glucuronules between 200-300 ml. which is extremely a3t

i lone were




THE PHYSICOCHEMICAL STATE OF
CORTISOL IN BLOOD

1. E. Busu
Depl. of Regius Professor of Meducine, Radeliffe Infirmary, Oxford

Introduction

Our Chairman’s famous slogan, which has been the watch-
word of this Colloquium, has already recerved well-deserved
approbation; however, I would not like to let this opportunity
pass of saying how much *“ Back to blood!” has been my inspir-
ation m past years. Today, however, T want to deal with an
aspect of this sort of work that 1s only just beginning to
receive close . With the develoy of efficient and
practical methods for the separation and micro-estimation
of steroids, many studies have been made in the last five years
on the nature of the steroid hormones 1n the blood of many
species (Lieberman and Teich, 1958; Roberts and Szego,
1955; Hechter and Pmncus, 1954). These studies have been
mainly if not entirely concerned with the identity and quantity
of different steroids present in blood, and with their secretion
1nto venous blood of various endocrine organs. We now know
a lot about which steroids are present m blood and in what
concentration; we still know very httle about how, and at
what rates they get out of the blood to their sites of action.
It 15 with an aspect of this last problem that I want to deal
today.

Most studies on steroids in blood lead to the conclusion that
they are almost entirely confined to the plasma, and that they
are easily extracted from plasma with organic solvents.
Furthermore, the amounts obtained by extraction with
solvents causing considerable denaturation of the plasma
protems are no greater than with those causing little denatur-
ation and relatively little breakdown of lipoproteins, as shown
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plasma or serum in a sausage casing, immersing it in  bath and adding
steroid to the outer bath, and have found that there is & considerable
diffusion through the casing into the protein solution; but of course all
these experiments would have been done with free unconjugated steroid,
so I think that your point is quate well taken.

Morris: In the original dialysis experiments with this dialysis extrac
tion procedure, there were marked differences of rate {shown by Zaf-
faroni ori; )—di of transport of different steroids. I the
amounts are Iow I think one always gets some selectivity, & relatl\'e rate
difference, rather than an absolute barrier difference; but I thunk it sa
fact one must bear i mind before interpreting too clearly.
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corticoids although they have an average of 120 days in
physiological conditions in which to come to equilibrium with
the plasma. The shockingly late realization of the great
phystological significance of this fact led to the investigations
described in this paper!

Roberts and Szego (1955) have discussed the difficult
problem of the terminology to be employed in considering
the “binding” of steroids to plasma proteins. Among the
requirements they believe necessary before a hormone can be
said to be “protein-bound” are relatively constant composi-
tion of the lipoprotein complex and the intervention of meta-
bolic processes in its formation, These restrictions seem to
serve httle purpose since the word “binding” 1s essentially
vague (along with “association”, “complexing”, *fixation”,
ete.) unless the free energy of the bonds concerned, or their
exact nature, is known. Nor isit certam that all or any types
of sterord-protein of physiol
will turn out to be catalysed by “ metabohc processes or
involve complexes of constant composition. Indeed there 1s
no evidence at present available which is sufficient to prove
that any known association between protemn and steroid is of
constant proportions or mvolves an enzymic step. Thus,
while surviving liver 1s essential for the formation of “ oestro-
protemn” (Szego and Roberts, 1946), there 1s as yet no evidence
that the *binding” step itself is catalysed by enzymes; 1t
seems more likely that the hver is needed in this system for
conversion of the oestrogen to glucuronosides and sulphates,

Since the importance of any “binding” of steroid to protein,
or like substances, resides 1n the effect this is hkely to have
upon the distribution of the steroid between vascular and
extra-vascular compartments, we can avoid terminological
confusion by employing a physicochemcal parameter, in
place of “binding”, which is both exactly defined and devoid
of any implication as to the particular mechamism involved.
This 15 the chemcal activity of the steroid under study.
Indeed this p must be idered mn any di
of the forces influeneing the distribution and transport of
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by the Jow content of total lipid in such extracts. Similarly,
the biological activity of whole plasma was accounted for by
the extractable steroids present (Bibile, 1953; Bush, 1955).
From the analyst’s viewpoint, therefore, it appeared that the
carticoids and some androgens were i free solution in plasma,
and it seemed unlikely that association with other substances
in plasma was of great significance.

On the other hand, Szego and Roberts showed that most
of the oestrogenic activity of plasma was not ultrafiltrable,
and was precipitated with plasma proteins, by salting-out of
cold acetone, in a form requiring vigorous hydrolysis before it
could be extracted in the cold (Roberts and Szego, 1955) with
orgame solvents. The significance of this, however, Was
doubtful since this type of activity was easily dialysable, ’"{d
besides, the hydrolytic procedures applied to protein prect:
pitates were such as to hydrolyse inactive conjugates. The
work of Samucls’ group (Eik-Nes et al., 195%; Schellman,
Lumry and Samuels, 1954) and of Bischoff (Bischoff and
Katherman, 1948; Bischoff and Stauffer, 1954; Bischoff,
Staufler and Gray, 1954) however, showed clearly that the
solubility of various steroids in protein solutions was greatly
increased. They showed clearly that considerable nm‘ou}“s
of steroid were “bound” to albumin although the association
was easily broken by organic solvent extraction. This work,
however, seemed to indicate’that the less polar steroids uqd
the phenolic steroids were associated more firmly and in
greater quantity than were the corticoids. .

Evidence that the chemical activity of cortisol and corti-
eoids in plasma might be much lower than i free aqueous
solution was provided by the early dialysis studies of Zaffaront
(1954). Agawn the physiological significance of this was 10
doubt since room temperature made the nchieven}cnt o
equilibrium very slow and might give results very different
from those pertaining én vive. One very simple consideration,
however, provided a sound reason for believing that the chem
jcal activity of cortiso! in plasma was extremely low; this ‘:]“
the fact that fresh red blood cells contain little or no detectable
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solvent with a small pipette when necessary, When an even
line not wider than 1+-5 mm. had been obtained the strip was
dried quickly with a hot air blast. It was stored in a small
warm dry container until counted; this avoids thickening of

epn
j Q

200

nf
o2 on L3 or £
Fio. L. Strip counting of [4-F'Cleortisol.

the area occupied by the extract due to absorption of moisture.
Although this method gives counts at infinite thickness it is
ldefﬂ when large numbers of extracts have to be counted. The
strip was mounted vertically in a frame fitting the counter’s
sample chamber so that the top edge was 2-83 mm. below the
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the steroid hormones, whatever other terms and concepts are
introduced, In practice the measurement of the activity of
non-electrolytes in very dilute solution is difficult; the exact
relevance of the term in the following experiments will be
reserved for the discussion.

Methods and Results

The general procedures were as deseribed before (Bush, 1952,
1958, 1954) and only new technigues or modifications will be
deseribed here.

Freely extractable cortisol was measured by extraction
with ether: ethyl acetate (2 : 1 v/v) instead of ethyl acetate.
Chromatograms of extracts containing much Jipid were
prepared by a new technique; instead of runmng-up the
extract to the origin of the chromatogram (Bush, 1952) with
ethyl acetate: methanol (8 : 1 v/v) or similar solvent, it was
Tun up twice with 80 per cent aqueous methanol to 2 em.
above the top of the area over which the extract was deposited.
This carries up the steroids but leaves behind the mass of non-
polar lipids. The area containing the latter is cut off and the
steroids then run up to the origin of the chromatogram with
ethyl acetate: methanol as usual, This techmque is effectively
a preliminary reversed-phase chromatogram (Morns and
Williams, 1955), in which the non-polar plasma lipids them-
selves form the stationary phase.

Radioactive cortisol was estimated by an extension of the
running-up technique. The extract or eluate of a chromato-
gram was deposited on a stnp of Whatman No. 2 paper 15 X
1:25 cm. using ethyl acetate: methanol. Five ug. {non-
radioactive) cortisol was then deposited as carrier and & small
amount of Waxoline purple (LC.I. Ltd.) as fat-soluble dye.
It was then run up with ethyl acetate: methanol or 80 per cent
maethanol to the top of the strip and some evaporation allowed
so that concentration of the dye and extract occurred for
10-15 minutes at the extreme top edge of the strip. I:quvcn'
ness of the hine of dye was corrected by manual deposition of
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ments but showed little variation within any one experiment;
this 15 largely due to the fact that our technique routinely
involves rapid batch-extraction of ten samples at a time in a
special apparatus, and very rapid evaporation of extracts
eight at a time, each batch taking 8-15 minutes for complete
evaporation. All recovery controls were carried out with
quantities of [4-14C]eortisol similar to and/or less than those
used in each experimental sample (0-5-2-0 pg.). Because of
small losses when this quantity of cortisol was incubated
in aqueous solution in glass vessels, control samples were
incubated under the same conditions for the same length of
time as the test samples. Typical calibration curves are shown
for pure [4-14CJeortisol 1n Fig. 1, and for pure and extracted
cortisol in Fig, 2.

Pilot experiments

These were carried out with non-radioaetive cortisol, or
plasma without any added steroid. Part of a fresh heparinized
sample of venous blood from a healthy donor or from patients
without endocrine disease was centrifuged within 15 minutes
of collection (and the plasma and cells collected separately).
The cortisol was estimated 1 the cells, plasma, and whole
blood, and a haematocrit taken. No cortisol was detected 1n
the cells of 14 out of 15 samples of blood, and only a trace in
the fifteenth. On the other hand, the plasma concentration
obtained by using the h 1t and the d blood
concentration was invariably lower than that measured
directly by extraction of the plasma, sometimes by as much as
50 per ¢ent of the latter value. The explanation of this resulted
from later experiments,

Dialysis of heparmnized plasma (Visking 86/82”) against
8-4 volumes of Krebs solution at 37° for 8 hours was next
carried out. Apparent distribution coefficients ranged from
6 0to >>12-0, Incubation of plasma with cortisol or cortisone
for 8 hours at 37° led to no interconversion of the two com-

pounds, nor apparently any conversion to other steroids in
detectable amounts.
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centre of an end-window counter having a 44 mm. diameter
window. Slight differences in self-absorption were noted with
extracts of greatly different purity (for example, extracts of
salt solutions compared with those of plasma), so that all

t'.rn

mr

Joo |-
rf
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o2 0k o6 ot 1
Fio 2. Calibration for [4.34Cleortisol (F).
@—counted directly. §
e ted after standard and

Mean recovery 89 per cent,

experiments mcluded control extracts of [4-11C]cortisol added
to the appropriste medium; the results for ench_ type ©
medium were then calibrated by the recovery experiment fuf
that medium. All results given below have therefore already
peen corrected for both extraction and counting error. The
recoveries varied from 70-100 per cent in dilferent expert-
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large fall in C,/C, at 24-25 hours. It was noted that in each
experiment with plasma the outer solutions were clear at 8
hours but cloudy at 24-25 hours. It was also noted that a
second expenment with plasma RB II (Table ) one week

TV C e e w w e m i wmoaty,

Fic 3 Dualysis of cortisol.

Sac volume : 20

Quter volume : 30 m!

Total quanmy or nemni 3ug
‘Temperature ;

O—plasma m sac 9 9 NaCl
90 ¢ % NaClm sac oulsld:

later gave a C/C, value of 1-56 at 252 hours compared with
a value of 8-72 when fresh.

It was concluded from these experiments that there was
present in normal human plasma a component which reduced
the chemical activity of cortisol to about one-tenth its value
m dilute saline solution. This component was relatively
unstable, showing evidence of disappearance of its effect on
cortisol within 24 hours at 87-88° {n vifro and within one week
at 2-4°. At each temperature this loss of effect was correlated
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Experiments with [4-14C]cortisol

Dialysis: 0 5-20 pg. [4-**C]cortisol were added to 10-20
ml. citrated plasma and allowed to equilibrate by shaking at
87-88° for 1-2 hours. The plasma was then placed in 8
sausage of Visking 18/82” tubing closed with six knots and
dialysed against 20-30 ml. 0-9 per cent NaCl. Experiments
were carried out to determine the time course of the passage
of cortisol into the outer solution, and the concentration ratio
(inside/outside, C,/C,) at equilibrium. Table T shows some of

Table I
Plasma Sample C.fCo at 25 2 hours
w 705
L 510
B 1170
R 878
RBII (a) 872
RB II (5) 1-56

3pg cortisol 1 system.

Sac volume: 20 ml, (Plasma; 18/32% Visking Tubing).
Outer volume: 30 ml (0 9 per cent NaCl).
Temperature. 87-88°

the values obtained with different plasmas after 25-2 hours at
37-88°. The results showed a considerable reduction in the
chemical activity of cortisol relative to that in saline, but were
somewhat vanable. This seemed to be correlated with 8
variable degree of cloudiness in the outer solution, and 80
increase in the amount of total lipid in the extracts of both
compartments over that found with fresh plasma extracts,
1t seemed reasonable to infer that considerable breakdown of
noproteins was occurring during incubation,

hplo"gogrcss curves, of which Fig. 8 is typical, showed that
equilibrium was achieved rapidly between suli{:e and saline.
On the other hand an apparent equilibrium achieved between
plasma and saline at +~6 hours (87-88°) was followed by &
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that at least two components or chemical groups which reduce
the chemical activity of cortisol are present in plasma. One of
these has a high affinity for the steroid but 1s saturated at low
coneentration, the other(s) have a lower affinity but have a
very large capacity since the isotherm is linear up to an
equilibrium concentration in plasma (C) of at least 120 pg./
100 ml. Since none of these components 15 dialysable through
cellophane it is Iikely that distribution of cortisol across
undamaged eapillary walls is governed by an isotherm of
similar form. In this connection it is interesting that the
component of high affinity becomes saturated at just about
the upper limit of normal plasma coneentration of cortisol in
man. Since plasma concentrations of this steroid in man
rarely rise above 60 ug./100 ml., even after infusions of ACTH,
1t seems unlkely that the concentration of cortisol in extra-
cellular fluid ever exceeds 10-15 pg.

The nature of these components of normal human plasma
was further investigated by experiments on purified plasma
protein fractions prepared by a method similar to Cohn’s, but
using ether as the orgame precipitant. This method is the one
employed by the Laster Institute, and the fractions were
kindly supplied through the courtesy of the Director, Dr.
A. A. Miles. Exhaustive extraction of three of these fractions
with orgawe solvents first at 45°, then at room temperature,
was carmed out and the extracts examined by paper chro-
matography for their content of cortisol. The results are shown
in Table II. About half the amount of cortisol, expected to be

Table I
CORTISOL CONTENT OF PURIFIED PLASMA PROTEIN FRACTIONS

Weght | Equwalent Vol Cornusol
Fraction P Pluma e
{G 8) y-Globulins [ 40 0 0(<018)
(F1 W.) Fibrnogen 02 40 005

(G 2)x- and p-Globulins 08 40 10
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with a great increase in the total lipid extracted by the
standard technique which was attributed to breakdown of
lipoproteins, since dialysable lipid was released.

Since all the previous experiments had been carried out
with total steroid concentrations in the inner compartment
well within the physiological range of plasma concentratian,
it was necessary to determine distribution isotherms to gain
further information about the plasma component having this

C.
rﬂﬂ”’d'
30
25

20

=

SR R— 1
20 [ 50 a0 100 1o}, oot

Fro. 4. Plasmajsaline distribution 1sotherm (C/Co)-
Temperature : 87-38°
Tune : 9 25 hours.

striking effect upon the chemrcal activity of cortisol. Four of
these have been constructed to date, all of them remarkably
similar. Fig. 4 shows one of these, which has been corrected
for the dilution effect of citrate, by assuming that the small
concentration change involved produces no sigmficant change
in the activity coefficients of the components under study.
Tt is seen that up to an equilibrium concentration in plasma
(C,) of 20 pg./100 ml C//C, is similar to that found in the carlier
experiments, namely approximately 10. Above this value,
however, the isotherm becomes linear with a distribution
coeflicient in favour of plasma of about 4-0, This suggests
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the total lipid of the extract was large compared with that
from an equvalent volume of fresh plasma. These negative
results had been anticipated in view of the known instability
of the plasma components concerned i the reduction of
cortisol actavity.

Distribution between Red Cells and Plasma

The pilot experiments of this series had confirmed previous
experiments undertaken from the analytical point of view by
many workers. However, 1t was felt desirable to attempt to
determine the exact distribution ratio of cortisol between
plasma and red cells by using the radioactive sterod to attain
maximum sensitivity for detecting the presumably mimmal
amounts 1n the cells. In order to minimize the effects of
metabolic processes upon the distribution, the first experi-
ments were carried out by using saline, or atrated plasma,
containing fluoride to mhibit glycolysis. The red cells were
washed three times in saline-citrate before
fresh saline or citrated plasma which had been equlllbrated
for an hour with [4-1*Cleortisol (2 ug.). The suspensions were
then incubated at 87-38°. Later the same experiments were
repeated, this time omitting fluoride and using glucose-saline
buffer to ensure the maintenance of normal ionic composition
of the cells.

To the author’s surprise the total recovery of cortisol from
the system was extremely low, although control recoveries
from saline and plasma were 1n the normal range (70-100
per cent in different experiments), In view of the latter, C;
was calculated by difference from C, since the measurement
of the latter seemed rehable. It seemed that cortisol was
rapidly taken up by (“on™ or “in” is as yet undecided) the
cells, although equlibrium was not surely obtained m the
fluoride-treated samples at 14 hours when haemolysis made
further incubation unreliable. In contrast, the samples
without fluoride, and 1n the presence of adequate glucose,
achieved equilibrium 1n 2 hours (Table IV) with a far greater
proportion of the steroid taken up by the cells. The difference
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found in the volume of plasma containing the weight of plasma
proteins extracted, was accounted for. Nearly all of this was
in the fraction G.2 (x- and p-globulins, comprising all the
known hpoproteins). These results were not considered of
more than superficial interest, however, since co-precipitation
is by no means an indication of association m solution.
Solutions containing concentrations of the different protein
fractions close to those found in normal plasma were therefore
prepared in 09 per cent NaCl, and [4-14C]eortisol equilibrated
with the solution for an hour prior to dialysis against saline
at 87-88° for varying times. The results of a typical experi-
ment are shown in Table III. No reduction of the activity of

‘Table III

DISTRIBUTION OF CORTISOL BETWEEN PROTEIN SOLUTIONS AND
PER CENT SALINE.

GfCo Protein
cone, ‘%{,
6 25 hr. 25 5 hr. whjeol.
—
(F.LV.) Fibrinogen 2 81 2-29 05
(G.2)a- and B-globulins 14 1 56 1-08
(G 8) y-globuling 1 42 ’ 119 0-68

Sac volume: 10 m! S\'ukmg 18/32" tubng).
Quter volume: 20 ml,

Added sterod 2 Opg.

Temperature: 37-38°

cortisol comparable to that seen in plasma was found wish
any fraction, although a sigmficant reduction was found in
all three. This was considerable in the case of fibrinogen, l_’“t
very small with the other two. The results with the frac'tlon
G.2 are of little use from the physiological point of view since
this fraction is partially denatured by the process of prepar-
ation and is only partly soluble on reconstitution. This frac-
behaved like plasma at 24 hours at 87° namely a large

ton as frecly dialysable, even at 4-6 hours, and

amount of lipid w
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in favour of the lysed eell solution, and also that the recovery
of cortisol from this solution was very low. When this was
allowed for, the measured values of C, agreed with those
calculated from the measured values of C,.

Discussion

The main purpose of the above experiments was to deter-
mine the influence of non-dialysable components of plasma
upon the chemical activity of cortisol in plasma, and thus to
get some idea of the probable distribution of this hormone
between the blood and tissue fluds. For the reasons given in
the introduction it was decided to concentrate upon a simple
method of measuning the chemical activity of cortisol in
plasma or a simple function thereof. The value of the dialysis
method seems to be that the function measured is likely to be
more closely related to the actual distribution of cortisol in
vive than any other that can be measured. Before discussing
the physiological significance of the results described above 1t
is necessary to enquire mnto the exact nature of the parameter
measured by dialysis-equilibrium experniments. In dealing
with this point it should be bered that the ch 1
activity of cortisol, in the media used 1n these experiments,
influences both the distribution coefficient between the two
phases separated by the dialysis membrane and the quantity
extracted from these phases by the organic solvent used in the
analytical method for estimating this compound If, therefore,
cortisol formed a reversible assoctation with a dralysable
substance, such that its activity was reduced to a small
fraction of that in saline, less *freely-extractable® cortisol
should be obtaned on extracting each phase of the system.
If, however, the extracting solvent itself formed an association
with the substance associating with cortisol, or caused an
alteration 1n 1ts structure that changed the equiltbrium con-
stant of 1ts association with cortisol, this would not oceur.
Further lications might amse depending upon whether
the complex formed were extractable, and whether or not the
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Table IV

DISTRIBUTION OF CORTISOL BETWREN ERYTHROCYTES
AND SUSFENDING MEDIUM

2 houre 4 hours

0 ¢ per cent NaCl! 18
Sahne-plucose buffer® ?

Citrated plasmat

Citrated plasma?

1) Fluonde added.
{2} pH 7 5.
{3) O, :C0-03 per ceat : 5 per eent bubbled through

between the distributions with saline and plasma was in CQC“
case 1n the direction expected in view of the known reduction
of activity in plasma.

The significance of these results was doubtful in view of the
low total Tecovery of cortisol. Packed cells were therefore
washed, repacked, drluted with water to give @ solution
containing 6+0 g.j160 ml. haemoglobin and centrifuged 0
yemove *ghosts”. {4-11C)Cortisol (20 u.) was added 10
10 mb. of the solution and, after equilibration at 37-98° for one
hour, dintysed against 20 ml. saline or plasma. Controls were
set up of the solution of lysed cefls, saline, and plasma-
results are gIven in Table V. Jtis seen that distributions wert

Table V
DisTRIBUTION OF CORTISOL BETWEEN LYSED RED CELL SOLUTION aAND pras¥h
QR SALINT. RECOVERIES FROM LYSED CELLS

Plasma outaids: CifCo = 1 06
Saline outsule” TifCo = 2 55
10 i, lysed cell solutiont {fib eonen.. 8 O F jroa mi)
20 mi. outsde aolution.
isking 18/327 tolung:
37.56° 8-hour wncubations.
Recovery of cortisel from ysed cell solutson:
Stored at B° for 8 hours: 353 pex cent.
Ineabated 37-58° for 8 Tovrs: 28 per cents
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normal plasma is albumin (as electrophoretically defined).
This conclusion, hawever, needs checking since his experiments
were done with heparinized plasma and in the cold. The
former affects the mobility of certain lipoproteins; the latter
could affect the dissociation constants of steroid protein
complexes.

If the distribution of cortisol between blood and extra-
cellular fluid normally approximates to an equilibrium, or
involves a steady state mm which the passage of steroid across
the capillary membrane is a rate-hmiting step, then the above
results suggest that, despite their easy extractabihty from
plasma with organic solvents, the corticoids will reach the
tissues at concentrations and rates far below those expected
from their plasma concentrations. As in the case of thyroxine,
the magnitude of this effect is such that one can hardly doubt
that the tissues’ concentration of cortisol in man depends as
much upon the concentration and properties of the plasma
component with which 1t associates as upon the concentration
of the steroid itself. It seems reasonable at present to accept
this hypothes:s since there 1s evidence to hand that the concen-
tration of cortisol in extra-cellular fluid is much lower than in
plasma (Cope and Hurlock, 1958; Baron and Abelson, 1954;
Sandberg ef al., 1954) but rises towards plasma levels in the
presence of local mflammation. Baron and Abelson (1954)
found approximately 0-2-0-4 pg./100 ml. cortisol in normal
cerebrospinal flmd: 1f the distribution between plasma and
C.S.F. were entirely determined by the 1sotherm of Fig. 4 this
would be expected with a plasma concentration of 5-10
1g-/100 ml. cortisol, namely the normal range. Although the
blood-C.S.F. boundary is more selective than that for tissue
flurds 1n general, the close correspondence of these two sets of
Tesults suggests very strongly that the distribution of cortisol
between tissues and plasma follows closely that found in the
model systems 1 vitro.

While the present experiments seem to have thrown some
hght on the distribution of cortisol between plasma and
extra-cellular fluid, they have not yet progressed far enough to
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solvents of the chromatographic system influenced its disso-
ciation constant. In the case of plasma and the plasma protein
fractions there was no evidence of any such phenomenon.
This, however, only enables us to fix an upper limut to the
chemucal activity of cortisol in the phases examined here, and
does not enable us to determine the exact function relating
chemical activity to the concentrations of “freely-extract-
able” cortisol measured.

Here in fact lies the real advantage of the dialysis equili-
brium method; while 1t does not measure the exact chemical
activity (in terms of that in a standard phase) of the steroid
under investigation, 1t determines the activity of the steroid
and all its dialysable complexes. It thus should give the best
approximation available of the activity of all those forms of
the steroid which are likely to be freely available to extra-
vascular tissues. While any such complexes are obviously,
from the above results, either ipid-soluble or easily, spht by

ot . N T s M -f them are

steroid in

. + complex

of cortisol that exists 1 normal plasma is dissociated by cold

extraction with ether-ethyl acetate, but it 1s stable in plasma
for at least 8 hours in vitro at 37-88°.

With these limitations of the method in mind it seems
reasonable to refer to “dualysable” and “non-dialysable”
cortisol in plasma, and to conclude that the former represents
an upper limit to the quantity of hormone capable of leaving
the blood and reaching the tissues. Daughaday (1955, 1956,
1957a, b) has obtained similar results, the full account of
which only appeared during the writing of this paper. How-
ever, his results were obtained at 4° and in some respects may
not tally with the present work because of this. Ht? ﬂlf"
coneludes that cortisol has such a low chemical activity
plasma (expressed as “binding ") that it may not be as freely
available to the tissues as formerly believed. He has l.nfﬂf?‘ﬁd'
from the results of an extremely elegant method of eqmllbflu'm
electrophoresis, that the component responsible for this in



PirysicocHEMICAL STATE of CorTisoL 1N Broon 281

results above suggest that an unstable lipoprotein of the «- or
8-globulins is the responsib p t, but this 1
s ot justified at present,
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demonstrate the factors determining the entry of this steroid
into cells themselves. The distributions shown in Table IV
cannot be explained by the presence of occluded plasma, nor
by changes 1n volume of the cells. One possible explanation
of the contrast between these results and those of previous
experiments, by the author and others, is that washing re-
moved the surface albumin of the cells which was partly
replaced on resuspending in plasma but not, of course, in
saline. However, these experiments are mentioned in order to
caution those who wish to estimate cortisol in red cells; by
our method recovery of cortisol from lysed cells, even when
diluted 1 in 5, was only 80 per cent at concentrations of 5-20
pg./100 ml. While this may be a feature peculiar to our
extraction method it suggests that 1t would be worthwhile
repeating previous experiments on red cells in order to check
that the failure to find cortisol in them was not due, asin the
author’s case, to very low recoveries. In any case the signl-
ficance of GfC, is in doubt 1n these experiments since C, was
calculated from C, and does not 1n this case represent ““freely
extractable” cortisol.

The experiments reported here, and those of Daughaday
(1957a, b) provide a simple physicochemical explanation for
the low concentrations of cortisol in human extracellular
flud and suggest that the phenomenon will prove to beAa
general one, and not simply a consequence of the rather specisl
examples of this flid which have been examined to date.
Both sets of experiments have shown that two non-dialysable
components (at least) are responsible for the low activity of
cortisol in plasma. It seems likely to be of some signiﬂcﬂl}ce
that the component forming a complex of low dissociation
constant appears to become saturated just at the upper Tevel
of the normal range for plasma cortisol concentrations. The
nature of this component is believed to be in doubt at the
moment since, although Daughaday’s clectrophorcsis expert
ments suggested it was albumin, purified albumin did not
associate strongly enough with cortisol to account for the
effect found with plasma (Daughaday, 19574, b). Some of the
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top of the packed RBC., In order to determine exactly how much
plasma was left, a microhaematocrit (using Aloe 23920 Hematocrit
Centnifuge and centrifuging at 10,000 rpm for 5 nunutes) was run on
each RBC sample, There is still about 5 per cent with the red cells when
one runs an haematocnit with the Wintrobe tube, and approximately
1 per cent with the microhaematoent . . -

recovery.

In our in wmiro expenments, neither time nor temperature seemed to
influence the results,

It1s not. possible to tell at the present time 1f the steroids are adsorbed
on the red cell membrane or if they actually penetrate into the cell.

experiments of a similar nature on the uptake of a vanety of other drugs
by the red cells.

Sonenberg. Dr. Bush, you showed us a distribution 1sotherm for
plasmafsaline. I wonder if you have a simlar isotherm for saline/
saline "You just showed us one concentration for saline,

Bush- That was sumply a control on the achievement of equilibrium
between saline and saline.

Sonenberg’ 1 had in mmnd the work, referred to by Prof. Morris this
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DISGUSSION

Migeon: We too have been working on the dustribution of cortisol
between plasma and red blood cells (RBC)

‘We have carried out several sets of experiments; one of them was an
in viro study (Migeon, Lawrence, Wall, Bertrand and Holman, in pre-
paration). Cortisol (1 mg./kg. body weight) was administered intra-
venously over & 80-mmute period and blood saniples were collected
1, 2, 4 and 6 hours after the beginning of the infusion, Each sumple
was centrifuged for 30 minutes at 2000 rpm. and the plasma was removed
as completely as possible. By runnming a microhaematoerit on the RBC
fraction 1t was observed that this fraction contained 5-10 per cent of its
volume of plasma. After applying a correction for the plasma left with
the RBC's, we found that 30-40 per cent of the total free 17-hydroy:
corticosteronds in o given sample of whole blood was with the RBC
fraction, .

We also studied the effect of normal saline washings (4 times with
once the volume of RBC) on the amount of free 17-hydroty00f‘fll$

o e e e SR ER A

explains why 1n our previous work with [4-4C]eortisol (1956 J. chn.
Endocrin, Metab., 16, 1137) there was very httle activity in the RBC
fraction, while Peterson and associates (1055. J. clin. Invest,, 34, 17 )
reported that 20-25 per cent of the activity was in the RBC and 75-80
per cent m plasma, Since we had washed the RBC twice with twice
their volume of saline, we had been removing most of the activity

accompanying the red cells. .
In our in rio work, we also studsed the 17-hydroxycorticosterofds
liberated by @-glucuronidase hydrolysis. After proper correction, no

PR I e  a B

t
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‘What were the amounts in the cells compared to plasma when you
tive material and analysed and

e
identified the spots?

Bush: With non-radioactive material centrifuged within ten minutes
of collection, we were able to detect cortisol i the lysed cells only 1n
one sample, but when we subsequently tested the recovery of cortisol
from Iysed cells, rather than from plasma, the recovery was extremely
low. One-fifth dilution of Iysed cells reduced our recovery to 30 per
cent. I do not know whether tis happens m your method. Have you
ever done recovery of radioactive or free cortisol added to lysed cells,
PPVt S o

. ~

\
of your glucose buffer system?

Bush: We have not done that, but we have followed very carefully
the conditions established by Maizel and Harrs for thus sort of experi-
ment, and our expetience is that in conditions where you use fluoride
the rate of entry of cortisol into these cells 13 far slower and achieves a
far slower equilibrium eoncentration inside than outside. Then when
these cells are incubated 1 the absence of fluoride, 1n the presence of
added glucose and in the presence of a fully buffered Krebs sahne solu-
tion, all the evidence of many people goes to show that electrolyte
exchange 15 perfectly normal, or at any tate relatively normal; eestainly
very much better than in the fluorided cells When you use fluonded
cells you get leakage of electrolytes. So although we have not yet
checked the concentration of sodmm inside I should be very surprised,
Judging by the results of Harris and Maizel, if the running down of the
cells 15 worse 1n the second solution.

Prunty, 1t should be done.

Bush: 1 agree.
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effect would not be seen even if the molecules were charged ones. The
maximum concentration which we used was 125 pg./100 ml, that is
about 4 udf, at which I do not think this sort of effect is seen.

DMorris. I think 1t might not be appreciable, but I think that on the
other hand what Dr. Sonenberg suggests would be waorth doing.

Bush: 1 agree.

Tait: Regarding the penetration of [4-1*Cleortisol mto blood cells,
we continually collect blood at room temperature yth [4-1Cleortisol
in the bottle. It remams for 30 minutes before centufugig and 1s
probably well shaken 1n the journey to the centrifuge, ‘The Tecoverles,

missing radioactvity has entered the cells; fhis would support Ur
Samuels’ concept of active non-transport.

Bush: 1 doubt very much whethe
with 80 minutes between the beds
blood quite under our conditions !
movement) at about 2 eycles per second for one hour at 37°, so that you
do get completely adequate mixing.

But 1f you have not got adequate mixing of your added control radio-
active cortisol, you cannot use that as a comparson for what 1s hap-
pening with the cortisol which 13 present at the start. My experience
has been that if you add small volumes of radioactive cortisol, or even
non-radioactive cortisol, in saline solution to plasma, and you let your
technician carry it up and down the room once or twice and then Tease
1t on the beneh for 80 minutes to equilibrate 1t, then you do get very
Tigh recoveries very readily. It was only when we started doing exper
ments m which we really shook the solution up to get really £oo
mixing that we discovered this very low recovery.

Tait: In . c
for eollect
the same. !
Dr. Samuels has said. tively

Bush. Yes, except that at 0° 1t 15 well known that these relal
small changes in red cell volume cause enormous changes in [’C';
meability of red cells. One only x'leeds to ggt !‘7 times the ongind

al

' e

e
e

. s

- e
. . Y

e
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individual.
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protein, in the course of transport, or at postulated reactive
sites in the target organ, may be an important key to the
mechanism of action of the steroid hormones.

Oestroprotein Formation in vitro

The oestrogenic lipoprotein complexes described in the
blood of several species (Szego and Roberts, 1946) may have
been reproduced in an in vitro model system which has been
described from these laboratories (Szego, 1953). An enzymic
mechamsm capable of promoting the association of MC-
labelled oestrone and oestradiol or their 1sotopie metabolites
with homologous serum protein was demonstrated i surviving
rat hepatic tissue, The activity was confined to liver, among
several tissues studied, and was correlated with the functional
status of the preparation, bemng high in Diver regenerating
after partial hepatectomy (Szego, 1958), and mmmal m
primary and transplanted hepatoma (Szego, 1955). These
studies were mitially carried out by cold acetone precipitation
and fractionation of the serum ncubation medium slong the
Lines summanzed in Fig. 1, and analysis of the fractions for
radioactivity and oestrogemcity. In later investigations
(Szego and Roberts, 1955a, 1956), a paper electrophoretic
method of resolution of the incubation medium was developed,
by means of which distribution of radioactivity by scanning
in an automatic windowless gas-flow counter, and of protein
by staining subsequently with bromophenol blue, could be
determined on the same paper strip. Correlation of these data
permutted identification of the serum proteins which parti-
cipated in the binding process. In the absence of surviving
liver tissue, radioactivity was confined to an area behind the
most slowly migrating protens and thus, unbound. When
incubation had been perf d in the p of surviving
liver tissue prepared by free-hand muncing, association of
radioactivity derived from [16-CJoestrone or [16-14Cloestra-
diol oceurred selectively with the albumin area, with unbound
(l.'esidual) radioactivity migrating as above. The use of splenic
tissue yielded data which were indistinguishable from the




STEROID INTERACTION IN THE IN VITRO
BIOSYNTHESIS OF STEROID-PROTEIN
COMPLEXES*

Crara M. Szrco
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STUDY of circulating forms of the steroid hormones, in
context with physiological observations, may be expected
to yield in due time valuable clues to the mechanisms which
undetlie steroid action in vivo. The information thus fﬂr
available has been reviewed recently from these laboratorics
(Szego and Robexts, 1953; Roberts and Szego, 1953, 1055
Szego, 1956), wherein evidence was summarized for the cntical
function of the liver in two apparently related phenomena:

1. The in vive activity of certain steroid hormones and thexr
interactions in inducing modification of target organ
structure and function.

2. The biosynthesis of protein-bound transport forms of
steroid hormones.

It is not the purpose of this discussion to summarize the
evidence linking these phenomena. Rather, it is intended,
first, to present extension of previous observations on ocstro-
protein formation in vitro to the investigation of hepatic
. cattae on tha ncanaiatian af anwbien] and aarbieosterone 07

ide evidence
strogens and
tein-binding

henomenon; and finally, to attempt to examine the compatl-
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bility of these data with the hypothesis that associa
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serum control. Thus, in the case of the oestrogens, the pre-
sence of liver tissue in the incubation medium was obligatory
for protein binding in vitre.

Studies on the nature of the bond have thus far provided
meagre data. Like the endogenous circulating oestrogenic
lipoprotein (Roberts and Szego, 1946), oestroprotein formed
in vitro appears to occur as a glucuronosidic complex associated
with protein carrier. This assertion is made on the basis that
hydrolysis either with hydrochloric aexd or with p-glucurom-
dase serves to release ether-soluble oestrogenic radioactivity
from the partially digested serum protemn in the case of the
material formed in vitro (Szego and Wolcott, 1955).

The specific localization of isotopic oestrogen or 1ts meta-
bolites with albumin under these conditions has been sub-
stantiated by cold ethanol fractionation of the serum ineuba-
tion medium and d ration of radioactivity exclusively
in the albumin fraction (Szego and Roberts, 1956).

It is further borne out by an experiment depicted in Fig. 2,
in which the mince preparation was incubated 1n the presence
of [16-19C]oestrone, in a Krebs Ringer phosphate bufler
instead of in whole serum. A purified rat serum albummn pre-
paration, containing a trace of p-globulin as a contamnant,
was added to the medium in the amount of 2 per cent to serve
as potential protein carrier. Here again albumn appeared
to transport the bulk of that radioactivity which was asso-
ciated with the protein moiety. It should be stressed that
albumin appears to occupy this réle under conditions which
require bulk transport of several hormones of varying chemical
constitution (and of many other quite unrelated materials),
both in vivo and in vitro, especially when the capacity of
specific carriers has been exhausted (cf. Roberts and Szego,
1955; Robbins, Petermann and Rall, 1955). It should be
noted further that albumin has been shown to serve in a
similar capacity in accepting fatty acids during the enzymi-
cally-catalysed heparin clearing reaction in vitro (cf., Anfin-
sen, 1954; Robinson and French, 1953). Nevertheless,

albumin, exclusively, may not serve this function in the case
BLOOD—10
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was released in ether-soluble form under these conditions was
devoid of oestrogenic activity (cf. also Riegel and Mueller,
1958) B-Glucuronidase hydrolysis was relatively ineffective,
in contrast to the observations on the serum protein-bound
material, These, and other findings to be reported, suggest that
the association of steroidal metabolites with liver proteins
differs markedly in character from the serum protein binding
phenomenon. The former may be a reflection of the detoxi-
fication function of the liver, as has previously been indieated
(Roberts and Szego, 1955).

Attempts to Characterize the Enzyme System which
Catalyses the Association of Steroidal Products
with Serum Protein

Preliminary studies in progress 1 our laboratories through
the efforts of Miss Jamice Kayahara have indicated that the
serum protein binding phenomenon will proceed n a suitably

' fortified rat liver ¥ te. The “complete system” is
indicated 1n Fig. 8, and it should be noted that the approach

Complete system: 0 5 ml 80 per cent homogenate rat liver (in 0 154x-KCl:
0 0023 of:

KILPO,, 1 6 x 103
MeCl,, 206 x 10
K,S0,,1 6 % 100
CO,, 1 1 X 10-2m
Fumarate, 2 6 X 10-%x
DPN, 3 4 109

Fic. 3 Provisional requirements for enzymic binding of [16-1Cloestrone or
its metabolites to serum proteins 1n wifro

being undertaken will be to remove ingredients systematically

from this too-complex medium. In Fig 4, which deprets first

efforts 1n this direction, 1t may be noted that substitution of

TPN for all or part of the DPN reduces the efficiency of the
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of the transport of endogenous cireulating oestrogens or thei
metabolites in the rat, or in other species {cf. Roberts an
i Szego, 1916).
| : In the course of these studics it became evident that :

Pia 2. The oceurrence of albumun-bound v after

acetate, 0 02031, sodum chlonde, 0 g1w; p=0 08; pIf ad-

justed to 8 ©), at a constant current of 0+5 ma per em. for 16

hours, For snalysis of distribution of radioachivity, see text, and
Szego and Roberts {1956).

significant proportion of radioactivity derived from M
' labelled oestrogen beeame firmly bound to the liver residue,
and that this association differed in several respects from that

observed to oceur with the serum proteins of the incubation
e POy Yt U] S 1w b hver
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indications of inhibition by heavy metals, in contrast to lack
thereof in the isolated glucuronosyl transferase system
(Isselbacher, 1956), suggests that activity of the latter is not
sufficient to account for the complete phenomenon in our
system, however,

Fig. 5 reveals that the association of the bulk of the bound
radioactivity in the homogenate system occurs with the
albumin fraction of the medium when the latter 1s subjected

o—

Fia. 5. O of protem-bound after the
incubation of [16-14C]oestrone m the presence of rat liver
homogenate mn_a synthetic medum, Conditions of medium
composition and of incubation were a3 described for homogenate
control in Fig. 4, Electrophoretic analysis as1n Fig 2,

to paper electrophoretic analysis, an observation quite
analogous to that in the mince preparation earher discussed.
The ifi ofa derable degree of radioactivity in the
a;-globulin region of ¥ig. 5 requires further study.

In preliminary efforts towards punfication of the enzyme, a
liver acctone powder and 1ts buffer extract have been shown
to contain enzymic activity, but at a level sharply reduced
from that of the whole homogenate (Fig. 6). In none of the
broken cell or cell-free preparations observed to date has the
activity been quite as high as that of the mince control for this
series (Fig. 6). However, in a single observation made too late
for inclusion in the figure, 1t was noted that a 15 per cent
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system. Heavy metals may inhibit, as inferred in part from
the gam i efficiency in the presence of Versene. This is in
keeping with earlier observations on the liver mince which had
ndicated profound inhibition in the Ppresence of trace amounts
of mereury. Removal of uridine diphosphate glucose (UDPG)

3
€ 80
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£ % 60
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=
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S ] x
& 20 2 i
o g g
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and glucose also eurtailed the activity of the homogenate, 3
finding which is suggestive of failure of glucuronide synthesns
(cf. Isselbacher, 1956), and thus, conjugation, prclimmm:y fo
association of the steroidal metabolites with serum protein in
the medium (cf. Roberts and Szego, 1946, 1953, 1955; Sze:gO,
1953, 1935; Szego and Roberts, 1953). The apparent require-
ment for DPN may indeed be related to this process. The
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be more fruitfully studied in context with physiological
observations, particularly since these forms appear to require
metabolic intervention for their biosynthesis. Hence 1t seemed
advisable to determine whether the in vitro system would lend
itself to the analysis of protein association with steroids other
than the oestrogens, whether pairs of hormonally active
steroids would interact in this system, and further, whether
the results achieved in these directions were 1n harmony with
observations made in vwo.

It will be recalled that a series of papers from these labor-
atories had desenibed the profoundly mhibitory effect of
concomitantly administered ACTH (Szego and Roberts,
1948) or adrenocortical steroids of specific configuration
{Szego, 1952; Szego and Roberts, 1953), upon oestrogen-
induced growth and metabolic responses in the uterus of the
ovariectomized rat (cf. also Talalay et al., 1952). A portion of
these findings has received confirmation (Velardo and Sturgs,
1956). The suggestion had been advanced in the course of
interpretation of these data (Szego, 1952; Szego and Roberts,
1958; Roberts and Szego, 1953) that the oestrogens and
certain adrenocortical steroids of appropriate structure com-
Ppete for active sites on protemn molecules essentral for steroid
activity, either as transport complexes apparently formed in
the liver, or at the target cell itself. This suggestion was
based upon the following evidence*

-

The apparently specific structural requirements for the
antagonist;
. The “titrability” of its influence, from mild inhibition
to complete obhiteration of the response to oestrogen, in
aceordance with dosage;
The lack of discernible effect of the antagonust alone upon
the metabolic processes which were mfluenced by the
oestrogens, even though blockade of oestrogenic stimu-
lation could be achieved; and, finally,
. The demonstrated affinity of certan of the steroid
hormones for protein.

©

14

-~
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homogenate exceeded the eapacity of both that of the 30 per
cent homogenate and of the mince, all reaction rates having
been expressed on an equivalent nitrogen bass.

3
v
Z 140 M
z8 & 1
e . ey
S 60 w oH
EL B a2
2z Z £35
S 40 £ 5o
& ¥ gz
w s
% 20 = e Q
(] 3Q =
[*] o< =
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Fic_6, Influence of type of liver preparation on enzymc binding
of {16-34Cloestrone of s metabolites 4o serum protein. Control
(100 per cent) activity established for 30 per cent homogenate in
the complete mediam fof Fio 41 Rfadiimn fne tha minna Krehg

Steroid Interaction in the In Vitro System

Some of the methods described above have proved useful
for the analysis of steroid interactions. As mentioned at ﬂ};
outset of this discussion, transport forms of the stero:
hormones, thovgh of great intsinsic interest, would appear to

AN
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Hepatic Intervention in the Binding of Coctisol and
Corticosterone or their Metabolites to Serum
Proteins In Vitro

Yig. 7 & trates the electrophoretic pattern and distri-
bution of radioactivity of the medium following wneubation of

[4-*Cleortisol in serum slone, It will be noted that except for

v ]

o

1.3

-y
5 1o 5 20

F16. 7. Absence of p a tvity

after momdiation of @ 035 pmaleq [1-2Cjcortisol in 2 M. rat

seram elone, Incubstion cacried out under B comstant

stream of 85 per cent O3 per centt CO,y; otherwise as

Tegend to Thg. 2 and tn Seego and Koberty (195%). Electeo

Phoresis of 20 pl. of "s‘;r tans, medsum conducted as
g 2

& trace of vadioactivity in the albumin area, the bulk is
unbound and occurs behind the slowest of the proteins (et
also Westphal, Firschein and Pearce, 1955). Except for the
trace of activity in the albusm area which oceurs with
[4-4Cleortisol without hepatic partivipation, these findings
are quite snalogous to those with isotopieally-labelled
cestragen control in the presence of serum alone {ef. Szego and
Roberts, 195352, 1056},

 When incubation is carried out i the presence of surviving
liver, moreover, sadioactivity derived from [4-4C]cortisol is
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Although these qualitative and semi-quantitative observa-
tions lent considerable support to the hypothesis, it appeared
highly desirable to test its validity with more demanding
critexia, including, as far as possible, those customanly
applied in classical enzymology.

Accordingly, studies were undertaken in the in vitro system
described earher. Since these experiments antedated the
homogenate studies previously mentioned [and indeed, have
been reported in part (Szego and Roberts, 1956), and in
preliminary form (Szego and Roberts, 19558, b)), the serum
medium-liver mince preparation was employed in the presen
of non-isatopic and “C-labelled steroids,* singly and in poirs
as indicated. Simultaneous analyss of the medium and liver
residue by the cold acetone fractionation scheme, and of the
former by electrophoresis was carried out, together with
determination of distribution of radioactivity as previously
described (Szego, 1953; Szego and Roberts, 1956).

It would appear that the requirements for elassifieation s
compehitive of the type of inhibition exerted by the 11-0Xy
17-hydroxycorticosteroids upon cestrogen action in vivo, if it
were observed to extend to in rifro inhibition of binding to
protem, would be as follows:

1. The obligatory réle of a liver enzyme system for signl”
ficant protein complex formation of the corticosteroid
moiety.

2. Association of the corticosteroid moiety with the same
protein fraction as that which serves as carrier for oestro
gen or its metabolites (herein, one which migrates with
the mobility of serum albumin). .

. Conformation to the Lineweaver-Burk and siml!ﬂf
analyses of interaction when varying amounts of i
hibitor are present at different levels of substrate.
These three criteria have been applied to this problem with

the following results.

. . . BT a1 % the

. s . o . yice

1
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Attempts to Characterize the Pattern of Inhibition by
Cortical Steroids of Oestroprotein Formation In
Vitro

Notwithstanding the crudity of the system, 1t will be
demonstrated that when the classical critena are appled for
testing the nature of the antagonism exerted by cortisol on
oestroprotein formation in vitro, the pattern of inhibition
appears to be a competitive one.

Incubation of the primary substrate, [16-14Cloestrone,
serum was carried out at three concentration levels with and
without inhibitor, unlabelled cortisol*, in the presence of
minced liver for 2 hours. Previous studies had established

* Cortisol was
and Dehme, Inc.

kindly made available by Dr Elmer Alpert of Merck-Sharp
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associated. to a striking degree with the albumin ares, as
depicted in Fig. 8. Thus, the same protein carrier is involved
as in the case of hepatically-catalysed oestroprotein formation
in vilro.

The quantitative importance of hepatic intervention in this
process is Mustrated n Pig. 9, m which are secn the relative
proportions of MC associated with serum proteins of the

5 20

N
]
3 76

T e
Fi10,8. The presence of albumm-bound radicactivity
after mcubation of {4-14Cleortssol tn the presence of 250 M-
sucvpving rot lever in sn homologous serum medium  Ex-
perimental conditions as 12 Fig 7 and Szego and Roberts
(185

[

medium in a form labile to B-glucuromdase hydrolysis, with
and without fiver tissue present during the incubation ol
varymmg concentrations of [4-UCleortisol. Analysis of _the
medium was carried out by a modified cold acetane fraction-
ation method in this instance. It is clear from Fig. 9 thn! !h.c
presence of the liver enzyme system 15 obligatory for signi-
fieant protein complex formation in vitro with [4-"§]corhsql.
Jsotopically-labelfed corticosterone  behaved simitarly in
parallel experiments.

Thus it appests th
shove have been satisfied.

at the first tsvo of the criteria indicated

.
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which is associated with the liver protein residue, a dichotomy
to which attention was earlier directed (Szego, 1953; Roberts
and Szego, 1955).

A related line of investigation being pursued by Talalay and

150~ ©=No Cortisol
692 1M Corfisol
1383 uM Cortisol
@ .
3 oo Vi
<] %
= /
€L
- [
>
501
1 1 ]
o 10 20 30
1/(S), £ MOLES

Fi6.10 Pattern of
o

12 9m Watens An

by cortisl

Present m Y ful, aliquot of orgwmal (2 ml) incubation medmum
F‘Xactmna‘hnn of the medium was carried out s Fig 1, ona 1 ml

Marcus (1956) has revealed profound inhibitory effects of
natural and synthetic oestrogens upon the activity of a highly
purified bacterial B-hydroxystermd dehydrogenase i the
oxidation of testosterone. In the course of these elegant
studes, in which considerable emphasis has been placed upon
utilization of the enzyme as a model protemn surface for the
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that the velocity of oestroprotein formation was linear up to
that time, and since the radivactivity measurements gained
in precision as greater concentrations of protein-bound
material lated, this mod, Iy long incubation period
was chosen, The results from snal ysis of the protein fractions
derived from the cold acetone fractionation procedure ore
depicted, although similar data were obtained from the
enalysis of the medwm by the electrophoretic resolution
method followed by determination of isotope and protein
distribution.

Fig. 10 reveals the results of such an experiment when the
data are subjected to the dou ble-reciprocal plot of Lineweaver
and Burk (1934). It may be noted from Fig. 10 that wiule the
intercept remains unchanged, the slope 15 dependent upon
oth substrate coneentration and inhibitor concentration.
Thus, the data conform to the requirements for the demon-~
stration of eompetitive mhibition, Further support for this
statement was obtained from the observation that the per
cent inhibition 1s dependent upon relative coneentrations of
substrate and inhibitor, being greater at low than st high
oestrogen concentrations. Additional evidence suggestive of
competition is the significant dependence of stope {v/v; : [T}}
upon substrate concentration in the graphical analysis of
Ebersole, Guttentag and Wilson (1944). .

Preliminary deta of a similar nature have been obtained in
the reciprocal experiment using [4-*¢Cjeortisol as primary
substrate, with and swithout the presence of unlabelled
oestrone or oestriol. .

In contrast to the apparently competitive nature of steroidal
interaction in the biosynthests of transport forms of these
substances ¢n vilro, the process involved in binding of stcrolfl
metabolites to the liver proteins does not appear to be simi-
larly regulated. While some inhibition is seen in the presence
of the “antagonist”, its relative independence of substrate
concentration is notable. This is believed to constitute further
evidence of the distinction between the so-called transport
form, that is the serum protein-bound material, snd that
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extended without the availability of more generally labelled
steroid of infinitely higher specifie activity which would
permit the administration of truly physiological, and thus
more meaningful, levels of steroid.

Another problem which has arisen mnvolves the specificity
of the antagonistic interaction among sterowds in the in vitre
system. It has been observed that desoxycorticosterone
inhibits ocestroprotein formation from [16-14Cloestradicl in
vitro, whereas in our hands 1t does not appreciably antagomze
oestrogenic stimulation of uterine growth and metabolism in
vivo at dose levels at which cortisol and cortisone block
completely. This serious flaw in the unquahfied interpretation
of the data ding to the afor: ioned hypothesis may
also be resolved by punfication of the system and by the
utilization of a broader range of *substrate” to “inhibitor”
ratios, Nevertheless, it is clear that the present series must
be extended to a wide variety of steroid pairs to determine the
extent to which nteraction tn ritro reflects the physiological
status of these substances 1n the whole living ammal. Such a
Pprogramme is in progress in our laboratories.

Notwithstanding these discrepancies, together with the
acknowledged sin of oversimphfication which has been in-
dulged in, 1t 15 possible that with continued testing, a broad
principle of steroid hormone action and nteraction will
emerge from these and related studies. There 15 a large and
rapudly expanding literature on the blockade of the action of
steroidal and similar substances by structurally related
analogues. Some of the more recent examples of such nter-
action, which have appeared since this topic was subjected to
comprehensive review (Roberts and Szego, 1953), include
inhibitory effects of certan other phenohe steroids on the
Uterine growth response to 17p-oestradiol (Hisaw, Velardo and
Goolsby, 1954) and to oestrone (Hisaw, Velardo and Goolsby
1854; Huggins and Jensen, 1955). Specific antagonism be-
tween pairs of steroids at levels other than the repreductive
tract is not uncommon, namely, the observations of Wood-
bury and Sayers (1950), of Selye and colleagues (Selye, 1950,
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investigation of steroidal interactions, analysis of the pattern
of inhibition revealed that 1t conformed nerther tocompetitive
nor non-competitive substrate : inhibitor interaction.

Considering the provisional nature of the present experi-
ments from a quantitative viewpoint, 1t 15 encouraging to note
that the data obtained in the in vitro system are in harmony
with the antagonistic interactions exhibited by certain cortical
steroids and the oestrogens in vivo, and are thus compatible
with the working hypothests that these hormones compete
for reactive sites on protein molecules essential for steroid
transport ov activity, as earlier advanced from these labor-
atories (vide supra).

Let me be the first to point out, however, the oceurrence of
several flies 1n this ointment. Most of these derive from the
difficulties inherent in working with such a crude preparation.

The order of magnitude of the provisionally caleulated Ky
of oestrone (2-36 x 10 M, &+ S.E. 0-19 X 10 in four
expeniments) is not strikingly different from that determined
for cortisol under similar circumstances. Yet the relaﬁ‘:e
coneentration requirements for significant inhibition by corti-
sol of cestroprotein binding are rather high, in keeping wl!h
the in vivo observations. Since the overall reaction in the 1
vitro **model” system appears obviously composed of more
than one process, this problem must await resolution through
purification and isolation of the stepwise reactions involved:
It must also be recognized that the relatively unph)’SIOlOgicul
concentrations of steroid in the in vifro system may lead fo
artifacts of complex formation with a protein that appeals
to be utilized pri ily for bulk t jport. That this is
probably the case is suggested by data derived from on
experiment in which a massive intravenous dose of [16-3C]
oestrone was administered to a Sprague-Dawley female rat.
Serum withdrawn after one minute was subjected to clectro-
phoretic separation and radioisotopic analysis, It was obser\:L‘d
that while albumin still occupied the réle of principal carrier
of bound radioactivity, some distribution to other proteins
was indicated. The in vivo experiments cannot be profitably
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1955; Selye and Bois, 1956), and of Gardner, Berman and
Deane (1954), to cite just a few examples. The appreciable
reduction 1n plasma cholesterol levels under certain conditions
of admimnistration of phytosterols (Peterson, 1951) and of
dihydrocholesterol (Siperstein, Nichols Jr, and Chaikoff, 1953),
may be indicative of a related phenomenon (cf. also Gould,
1954). The apparent behaviour as antimetabolites of certain
partially hydrogenated derivatives of earcinogenic polycyelic
hydrocarbons has been suggested (cf. Kotin et al., 1956).
Although the evidence 1s accumulating from such in vivo
observations, it falls, on theoretical grounds, far short of
proof for strictly competitive phenomena.

The line of attack employed in the present investigation
may well be profitably applied to the solution of the precise
nature of the antagonism observed in some of these and other
examples of steroidal interaction. The provisional interpre-
tations arising from the present studies suggest that the nature
of the inhibition is competitive in the instances cited. If these
observations are confirmed and extended it is manifestly clear
that a principle of the broadest implications in the field of
steroidal, and perhaps other hormonal action (ef. Woolley,
1946; Frieden and Winzler, 1948), may emerge.
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. Migmp' WWe have observed a marked disturbance of co'msol me_tabo-

Szego- At that level of course, competition may be n terms of trans-
port protein following saturation of a specifie carrier,
Roberts- 1 should think that 1t 15 unlikely that the competition would

Roberts; But, consider the relatively enormous amount of glucuromdes
that are formed during pregnancy!

Samuels: This depends on how you consider the mass of the tissue, and
the time involved, and the question of whether you have ideal conditions

t-glucurorudase. )
Pearlman; In this incubation process, 15 there any evidence that
Mmetrhalitog Af shn . e s PFrmme 30

end of a run of the usual duration. In other words, there are metabolites
which are fragments of the original substrate, but still radicactive and
move ahead even of the protem-bound matenial

Samuels, Have you identified the matenal in the albumm fraction

after ineubation with cortisol as cortisol by paper chromatography ?
Sxego No,
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DISCUSSION

Astwood - When one thinks of various clinical states, one does not recall
one that supports the hypothesis that cortical steroids inhibit oestrogen
Has the n viro inhibition been studied on other criteria besides this

concomitant gonadotrophin alterations or evidence of ovarian fatlure.
Astwood* Have you tried other types of oestrogen assay?
. Szego- It was not just the early effects of the oestrogen in the Kjrst«f

tot
of "

with albumun after incubation with radioactive cortisol? Is it a metabo-

Iite, or cortisol, or 15 1t a glucuromde
Szego: B-Glucurcmdase treatment of the partially digested serum
proteins prepared by the cold acetone method does release substantial
amounts of ether-soluble radioactivity whether 1sotopic cortisol or oes:
trogen 15 used as substrate, We have not, however, cluted the cortisol
morety from the albumin area of the strip as we have the oestrogen
T bne T tha B b enatamial rataine at least

Anon Af4hn anctenmang cial

adss-
This
N ydro-
1ysis, and no longer oestrogenic,
Bush: It would affect your interpretation quite considerably?
Szego: Very much so, I have no doubt that 1t 15 very unltkely that
it would be the original unchanged substrate. . eevn
. s
curonide. R N P 4 1. L aTea oewem TS

 Samuels: Have You grven Lt Leallielt 1 L ol 5o 4
Szego: Yes.



THE USE OF {[16-*HJALDOSTERONE IN STUDIES
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and G. WaLkeER

2nddlesex Hospital, London
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. PrEVIOUS speakers (Pearlman, 1957; Samuels, 1957) have
described how the study of the metabolism of radicactive
steroids may contribute to our knowledge of the amounts and
physicochemical state of the hormones and their metabohtes
w human perspheral blood. They have shown that quantita-
tive data concerning the steroid, such as rate of production,
Tate of turnover in the blood and miscible pool, may be ob-
tamed by following the fate of jected radicactive hormone.
This mformation may help to explain the amounts of free
hormone 1n blood.

Of the three most important hormones of the human adrenal
cortex capable of maintaining bfe, cortisol (Hellman et al.,
1954; Peterson et al., 1955; Peterson and Wyngaarden, 1956;
Migeon et al., 1956a) and to a lesser extent corticosterone
(Migeon et al., 19565) have been studied mn this way, but
metabolic studies with aldosterone have not previously been
Yeported. Simmlarly, although there is reasonable agreement
as to the concentrations of cortisol in human peripheral blood
(Bliss et al., 1953; Bush and Sandberg, 1953; Sweat et al.,
1958; Morris and Williams, 1953), the corresponding values
for corticosterone and aldosterone are still uncertain, This is
Ppartly due to the conflicting needs for known recovery together
with high specificity in the analysis of very small amounts of
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308 Discussion

Diczfalusy: Have you any evi indicating that this protein-bound
oestrogen which you obtained foll 1 i drolysis is still
oestrone?

Szego: No, as I mentioned earlier we have evidence only that 1t has
not entirely lost its ic ch as indicated by the Astwood

bioassay method, using the immature rat uterus and measuring water
uptake in 6 hours.
Diczfalusy: In which method oestriol 1s much more potent than
oestrone?
Szego: Yes
Di 2f 1

Is there any i of oestriol ing in the rat?
zego: I have no evidence of that,
Pearlman: As far as I know oestriol is unigue to the human spectes and
possibly to the primates,
Diczfalusy: What about the 1solation of ocestriol from an extract of
female willow catkins by Skarzymski (1933, Nature, Lond., 131, 766)?
Pearlman. 1 am not sure that that is relevant to the physiology of
human reproduction!
Szego: Are you ruling out the observations of Axelrod on dog bile?
P : L am not al h inced of th

at.
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- PREVIOUS speakers {Pearlman, 1957; Samuels, 1957) have
described how the study of the metabolism of radioactive
steroids may contribute to our knowledge of the amounts and
physicochemical state of the hormones and their metabolites
in human peripheral blood. They have shown that quantitas
tive data concerning the steroid, such as rate of production,
rate of turnover in the blood and miscible pool, may be obe
tained by following the fate of injected radioactive hormone,
This information may help to explain the amounts of (ree
hormone in blood.

Of the three most important hormonces of the kuman adrenal
cortex capable of maintaimng life, cortisol (IIcllman ¢! al.,
1954; Peterson ef al., 1955; Peterson and Wyngaarden, 10503
Migeon et al., 1956a) and to a lesser extent cortiensterone
(Migeon et al., 1956b) have been studied in this way, but
metabolic studies with aldesterone have not previousty heen
reported, Sinularly, although there is reasonalle agreement
as to the concentrations of cortisol in human peripheral blood
(Bliss et al., 1953; Bush and Sandberg, 1058; Sweat ¢f al.,
1053; Morris and Williams, 1953), the corresponding values
for corticosterone and aldosterone arc still uncertain, This is
partly due to the conflicting needs for known recovery together
with high speaificity in the analysis of very small amounts of _
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steroid, a conflict which can be resolved by adding radio-
active steroid to the blood in vitro before analysis. The
radioactivity can then be used to indicate losses in the exten-
sive isolation procedures necessary to ensure specificity. For
both in vive metabalic and in vitro analytical uses of the
radioactive steroids, 1t 1s essential to add amounts much smaller
than are already present 1n the body or the collected blood
but sufficiently radioactive to be followed with ease through
any process. We have prepared [16-2H]aldosterone and
corticosterone of high specific activity (== 1 uc peryg.) for this
purpose and have developed a simple and sensitive method
for assaying samples containing trtium. These trtiated
steroids have been applied to preliminary analytical and
metabolic studies.

Preparation of tritiated adrenal steroids

Fifteen mc [16-3H]Jprogesterone (specific activity 17 pC
per pg.), synthesized by one of us (Pearlman, 1956), were
incubated with 20 g. capsule strippings of ox adrenal glands
under eonditions described in detail elsewhere (Ayres, Simpson

Table I
Specific o yeeld
Steroid Amount 1 pg Aetwiy radobty
we perpg
Progesterone 2,800 130
Cortrcosterone
acetate 189
free 1,940 187
Aldosterone
diacetate 0 86
free 238 0-50
Cortrsol
ncetate 35 058

fic

terard produced by 9 mg. [16-7H Jprog (spect

ncllx):.‘t‘;-"f{% ye per ig.) with 20 g. capsule strippings of ox adrenal gland.
Values vorrected approximately for recovery.
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and Tait, 1056). The yields of the steroids produced and
their specific activities arc shown in Table I. These include
corticosteronc and aldosterone of suitable specific activity,
1-4 and 0+9 uc per ug. respectively.

Isolation procedures and measurements of specific
activities

The values for corticosterone, aldosterone and cortisol were
obtained in the following manner. The extract from the incu-
bation, after prchiminary punfication on a silica gel column
(Bush and Sandberg, 1933), was chromatographed on several
partition columns, which had a resolution of about Goo
theoretical plates for these steroids. The first colurnn (top,
Fig. 1) separated corticosterone from a mixture of cortisol
and aldosterone, both of which ran at the same speed with this
solvent system but were campletely scparated from one
another on a second column (muddle, Fig. 1). The corticoster-
one was also further purified on another column (bottom, Fig.
1). The three steroids were then separately acetylated and the
acetyl denvatives purified on three further columns. Portions
of the eluted fractions from these columns were assayed for
tutium, The amounts of steroids in the fractions were esti-
mated by their soda fl pared with
that of standards, by a fluorimeter following paper chroma-
tography (Ayres et al., 1957). The speaific activity of a parti-
cular steroid acetate 1n those fractions of the final column
containing appreciable radioactivity could thus be measured
and compared. They were found to be cqual within the limts
of experimental crror. The specific activities of the acetyl
derivatives recorded 1n Table T were therefore measured
after pooling these fractions, Corticosterone monoacetate
and aldosterone diacetate were then hydrolysed and the free
compounds punfied by chr graphy on two col as
deseribed previously (Fig. 1), The specific activities of the
free compounds were then estimated again by counting and
measurement of soda fluorescence. For a particular steroid,
the specific activities of the free compound and its acetyl
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steroid, a conflict which ean be resolved by adding radio-
active steroid to the blood in vitro beforc analysis, The
radioactivity can then be used to indicate losses in the exten-
sive isolation procedures necessary to ensure specificity. For
both in vivo metabolic and in vitro analytical uses of the
radioactive steroids, it is 1toadd ts much smaller
than are already present in the body or the collected blood
but sufficiently radioactive to be followed with ease through
any process. We have prepared [16-2Hlaldosterone and
corticosterone of high speeific activity (== 1 pc perpg.) for this
purpose and have developed a simple and sensitive method
for assaying samples containing tritium. These tritiated
steroids have been applied to preliminary analytical and
metabolic studics.

Preparation of tritiated adrenal steroids

Fiftcen me [16-2Ii]progesterone (specific activity 1+7 ¢
per ug.), synthesized by one of us (Pearlman, 1956), were
incubated with 20 g. capsule strippings of ox adrenal glands
under conditions described in detail elsewhere (Ayres, Simpson

Table I
Specific o eld
Sterord Amount 18 pg, Actwaty yachoactivty
e peryug
Progesterone 2,800 1-80 30
Corticosterone
acetate 130
free 1,910 137 27
Aldosterone 088
cetate
;’:e 238 o 00 2.1
1501
Conncclﬂlc 25 0-58 0z
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specific activity was measured as for the biosynthetic material.
Isolation of the steroids was also carried out as previously
described, but it was found possible to determine the specific
activity of the corticosterone on the final column of the free
compound (bottom, Fig. 1), and formation of the mono-
acetate was unnecessary. Separation of the cortisol and
aldosterone before acetylation was also not required, The
cortisol monoacetate and aldosterone diacetate, obtained by
acetylating the mixture of the free compounds on the first
column {top, Fig. 1), were separated on a final column i which
the mobile phase was changed after the app of aldo-
sterone diacetate in the eluate. This is the procedure which
has been used for the analysis of unine (Ayres et al., 1957)
except that then [4-24Cleortisol and corticosterone and
[earboxy-1C]aldosterone diacetate were used as indicators.
The specific activities of the 1C.labelled corticosterone and
:}Idostcmne were, however, too low for their use as indicators
in blood, and tritiated steroids were substituted.

Following injection of tritiated ald the daily rate
of production of the hormone was estimated by hydrolysing
2n immediate 23-hour collection of urine by continuous
extraction at pH 1 and room temperature and determining the
specific activity (*H activity/amount of steroid) of the
aldosterone released. Small amounts of [carboxy-“Claldo-
sterone diacetate were also added to the extract before the
final eolumn so that our usual analytical procedure could be
¢arried out {Ayres et al., 1957} and the correlation of C, 3H
and the steroid on the final column investigated. In all cases,
whete values are quoted, good correlation was observed.

The radioactivity of the tritiated material was assayed by
d'epcsitiug the sample from a chloroform solution on a
mm“[a' planchet, 3 em. in diameter, which had a large number
f’fmtru]ar eoncentric grooves, about 0+03 mm. deep, scored on
its surface. This ensured upiform distribution of the radio-
activity. If the sample weighed less than 80 pg., it was dis-
solved in 0-3 ml. of a solution of wax in ehloroform (800 pg.

Wax per ml.) and 0-2 ml. of the resulting solution was
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derilvative were found to be equal on a molar basis. The
radiochemical purity of these final preparations was confirmed
for aldosterone by bioassay and recrystallization of a portion

s PN
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Fig. 1. Partition colrnns for purification of free compounds
Columns -
60 cm, in length, 1 cm. internal diameter;
24 g, Celite 535; 12 ml. stationary phase.
Solvent systems :—
Top column
Methanol s water (1:1 v/jv);
benzene : ethy! scetate (16 : 1. v/v)
Middle column
Methanol : water (2 : 1. v}vg,;
benzene : petroleum ether. b.p. 80-100° (7 1 8, V/¥).
Bottom column

Methanol : water {4: 1. v/v};
benzene : petroleum ether. b p. 80-100° (17 : 3. v/v)

from added pure compound, and by recrystallization of the
monoacetate in the case of corticosterone. .
For analytical purposes, very small amounts of mtlz_xted
corticosterone and aldosterone, together with [4-HCJcortisol,
were added to the blood and, after purification, the final
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24 hours following precipitation of proteins. This fraction-
ation was similar to that employed by Migeon and co-workers
after injection of [4-MCJeortisol and corticosterone exeept
that, compared to the procedure adopted by those workers,
we used more chloroform for the first extraction, more enzyme
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Fic 2 Chloroform-extracted radioactvty, pH 6, as per cent dose/l,
plasma measured 2 hours after injection of vanous radioactive steroids.

¥

for the second, and chloroform instead of ether for the third
€xtraction at pH 1. Also, all extracts were punfied before
assay by silica gel chromatography as deseribed by Bush and
Sandberg (1953).

‘The results for the free steroid fraction (1) 1n plasma ob-
tained 2 hours after injection are shown in Fig. 2. Correspond-
g values, obtained by Migeon and collaborators (1956a, b) 2
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placed on the planchet. Chioroform was added to spread the
solution over the entire surface. The planchet was then
counted 1 a Tracerlab flow counter. The overall efficiency
was about 12 per cent and the coefficient of variation, neglect-
ing statistical errors, about 2 per cent. If the sample were
heavier, 1t was deposited directly on the planchet, and after
the wmitial count, a self-absorption correction was earried out
by adding a standard amount of fritiated steroid of negligible
weight and recounting the sample. The coeffiefent of varia-
tion, without counting errors, was about § per cent.

Stability of the Iabel

As a result of the experiment with [16-*H] and [4-3C}
progesterone (Pearlman, 1957) there seems no reason to
doubt the stability of the label nt the 16-position, unless
transformation of the molecule occurs near the point of
attachment of the tritfum atom. We have also obtained good
quantitative agreement for the rodioactivity in various
fractions of blood as hetween our results after giving [16-"H]
corticosterone and those of Migeon and co-workers after
[4-34C)eorticosterone. Radionctivity might be lost if the side-
chain were removed, or even perhaps if 17-hydroxylatien
occurred, but there is no evidence to indicate that these ase
major reactions in the metabolism of sterords,

Di ance of [16~3H]ald one from }
blood

Two normal young males received intravenously 2 and ¢
pg. (16-*H]aldosterone respectively at 9 am. Blood was
collected from both subjects two hours later at 11 am, and
also from one subject at 12 noon, The radioactivity in '_;he
plasma was measured following: (i) chloroform extractiont
{1 x 1-5 vol.) at pH &, (ii) chloroform extraction (4 X 15
vol.} nfter incuhbation with @-ghicuronidase (1000 u. kcvto'
dase” per ml at pH 4-5 and 47°C for 15 bours) following

ation of the proteins by aleohol, (ifi) contimious

preeipit and pIl 1 for

chloroform extraction at room temperature
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quantities of blood necessary for analysis. Fig. 3 shows the

radioactivity in the free steroid fraction of plasma for one

subject, 2 and 8 hours after giving tritiated aldosterone,

compared with values obtained at different times after giving
oor
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HOURS AFTER INJECTION
¥16. 8. Chloroform-extracted radioactivity, pII 6, per cent dose per 1.
Plasma, measured 1, 2, 3 and 4 hours after njection of various radio-
actave steroids.
lab?lled cortisol and corticosterone. For aldosterone, the
radioactivity 15 reduced mixfold during the period from 2
to 3 hours after the injection, compared to 1-6-fold in the
corresponding period for cortisol and 2-2-fold for corti-
costerone. The half-ives would therefore be 0-4, 1-4 and
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hours after giving {4-1Cleortisol and corticosterone, and after
[16-%H jeorticosterone, are also shown. After giving [16-°H]
aldosterone, the radioactivity in the free steroid fraction
(0-060 and 0059 per cent of dose per . plasma) is much less
than the corresponding results after [4-1CJeortiso! {mean
1447, range 1-23-1-63 per cent/l. 5 cases) or [4-44Cleorti-
costerone (mean 028, range 0-19-0-40 per cent/l., 4 cases)
or [16-3H]corticosterone, 027 per cent/l. Although the data
ig still linited, 1t would appear, even at this stage of the
investigation, that the amount of radiozetivity in this
fraction after giving labelled aldosterone is very low relative
to that obtained after giving the other two adrenal hormones.

The corresponding figures obtained by Peterson and Wyn-
gaarden (1956) after giving [4-11C]cortisol are even higher than
those of Migeon and collaborators (1956a) with the same
steroid, although the former workers measured the fadio-
activity speeifically as cortisol. Migeon sud co-workers claim
that about one half of the radioactivity in their free steroid
fraction is due to cortisol. After giving [16-*H]aldosterone,
about 80 per cent of the total radioactivity in the free steroid
fraction in the plasma 2 hours after injection was due to
aldosterone itself. Thus it seems that 2 hours after the injee-
tion of the two hormones, radioactivity in the blood due to
the admimstered steroid is about 20 to 30 times less after
aldosterone than after cortisol. The lower amount of radio-
activity at this time may be due to a relatively greater miscible
volume, thatis a greater fall in radioactivity during the initial
mixing period, or a three to five times shorter halfife of the
activity after equilibrium has been established, The half-life
of aldosterone would thus be 0-3-0-4 hours, taking 1-4 hours
for the half-Iife of cortisol (Migeon et al., 1956a; Peterson and
Wyngaarden, 1956). This last explanation would meon that
Pderkerone i mare topidly matahalized or exereted coml)m'c("

A U s e e e e -
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been examined. Fig. 5 shows the distribution of radioactivity,
compared with that of known steroids m the eluates of a
partition column on which aldosterone and cortisol run at
exactly the same speed. As the major peak of radioactivity,
which accounted for 46 per cent of the total counts in this

.
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B
Plasta, 2 hours after injection of various radicactive sterords

Particular fraction of one blood sample, 1s indistingmshable in
Tunning properties from tetrahydrocortisol, 3« : 116 : 17« - 21-
tetrahydroxypregnan-20one, 1t seems likely that 1t 1s due to
tetrahydroaldosterone, 3z : 118 : 21-trihydroxy-20-o0xo-preg-
Dan-18-0l. Work 1s proceeding, in collaboration with Dr. J.
Bar!ow and Dr. A. E Kelle, on the more certain character-
1zation of this compound. In the other blood examined, this
Peak accounted for 23 per cent of the total counts in the
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1-0 hours. If the radioactivity is measured specifically as
aldosterone, the hali-life would appear to be even shorter,
about 0-3 hours. These results indicate that more rapid
metabolism or excretion of aldosterone compared with cortisol
is the explanation.

The following explanations of this more rapid clearance of
the aldosterone have been considered:

(a) Increased renal clearance of the free steroid This seems
unhkely for, as is also the case with cortisol and corticosterone,
the amount of free compound 1n the urine is small and so is the
radioactivity (about 0-1 per cent of the dose) in this form after
gving labelled aldosterone.

(b) Increased conversion to other free compounds without
conjugation. This again seems unlikely, as the total radio-
activity in the free steroid fraction in both blood and urine
is small

() Increased conversion to other compounds which are
conjugated as glucuromdes, hydrolysable by g-glucuronidase
but not by mild acid eonditions. This route would appear to
be the main mode of metabolism for cortisol and corti-
costerone.

Fig. 4 shows the radioactivity released by @-glucuromdase
after extraction of the free steroids in plasma obtained 2 hours
after giving labelled aldosterone, with the corresponding values
after radioactive cortisol and corticosterone administration.
The values obtained after injecting [16-3H]aldosterone arc
slightly lower than after giving [4-14C]eortisol and [4-¢C] and
[16-3H]corticosterone. Re-incubating the plasma with fresh
enzyme gave only 10 per cent more radioactivity. Incrﬂ.«'lse‘l
glucurenide formation of this nature thercfore scems unlikely
unless the conjugate is excreted more rapidly than the corres-
ponding metabolites of cortiso! and corticosterone, IIo‘ve\'Fr.

the fraction in the urine released by f-glucuronidase cfm'tmn’i
no more radioactivity than is obtained after the administra-
tion of [$-14C]eortisol. )

The nature of the free steroid released by g-glucuronidase

from plasma following an injection of [16-3H]aldosteronc has
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n examined. Fig. 5 shows the distribution of radicactivity,
ipared with that of known steroids in the eluates of a
tition column on which aldosterone and cortisol run at
ctly the same speed. As the major peak of radioactivity,
ich accounted for 46 per eent of the total counts in this
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Fic. 4. Rad released by B. per cent dose/l
Plasma, 2 hours after wnjection of various radioactive steroids.

Tti::ular fraction of one blood sample, 1s indistingwshable 1n
ning praperties from tetrahydrocortisol, 8« : 118 = 172 : 21-
rahydroxypregnan-20one, 1t seems likely that it 1s due to
rahydroaldosterone, 8z + 118 : 21-tnhydroxy-20-oxo-preg-
1-18-0l. Work ig proceeding, m collaboration with Dr. J.
rlow and Dr. A E. Kellie, on the more certain character-
tion of this compound. In the other blood exarned, this
2k accounted for 23 per cent of the total counts in the
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1-0 hours. If the radionctivity is measured specifically as
aldosterone, the half-hfe would appear to be even shorter,
about 0-3 hours. These results indicate that more rapid
metabolism or exeretion of aldosterone compared with cortisol
is the explanation.

The following explanations of this more rapid clearance of
the aldosterone have been considered:

{a) Increased renal clearance of the free steroid. This scems
unlikely for, as is also the case with cottisol and corticosterone,
the amount of free compound 1n the urine is small and so is the
radioactivity (about 0-1 per cent of the dase) in this form after
giving labelled aidosterone.

(&) Increased conversion to other free compounds without
conjugation. This again seems unlikely, as the total radio-
activity in the frec steroid fraction in both blood and urine
is small.

{¢) Incrensed conversion to other compounds which are
conjugated as glucuronides, hydrolysable by §-glucuronidase
but not by mild acid conditions. This route would appear to
be the main mode of metabohism for cortisol and corti-
costerone,

Fig. 4 shows the radioactivity released by p-glucuronidase
after extraction of the free sterowds in plasma obtained 2 hours
after giving Inbelled aldosterone, with the corresponding values
after radioactive cortisol and corticosterone administration,
The values obtained after injecting {16-3IIJaldosterone are
stightly lower than after giving [4-UC]cortisol and [4-1C) and
{16-SH]corticosterone, Re-incubating the plasma with fresh
enzyme gave only 10 per cent more radioactivity. Tnereased
glucuronide formation of this nature therefore seems unlikely
unless the conjugate is excreted more rapidly than the corres-
ponding metabalites of cortisol and corticosterone. Howcv'cl‘.
the fraction in the urine rel 1 by g-gl id tt
no more radioactisity than is obtained after the administra-

tion of {4-HCjeortisol. .
The nature of the free stesoid released by 8-glucuronidase
from plasma following an injection of [16-*H]aldosterone has
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[16-*H]aldosterone. Whilst this value 1s higher than the
corresponding one for [4-1Cleortisol (0-05 per cent), 1t is
much Jower than those for the free steroid fraction after
[#-C]cortisol and glucuronide fraction after [16-*H]aldo-
sterone. The amount of aldosterone released by this procedure
was also very low and probably less than that released at
neutral pH. It might also be expected that mixed conjugates
of the same molecule would be formed, for example glu-
curonide on the 8-position and sulphate on the 18-position.
However, the radioactivity in the extract obtamned by con-
tinuous extraction at pH 1 and by incubating with B-glu-
curonidase was independent of the order i which the two
Procedures were carried out, which argues agamst the existence
of large amounts of this type of conjugate in blood. This does
not exclude the possibilities that the aldosterone and its
metabolites, conjugated in this manner, may be more rapidly
exereted than the usual glucuronides or may not be completely
hydrolysed by the present methods. In a 24-hour collection
of urine, about 10 per cent of the injected radicactivity 1s
released by continuous extraction at pH 1, of which about
one-third is due to aldosterone itself. These figures may have
to be revised 1f more efficient methods of hydrolysis are
developed for this type of conjugate.

(e.) It may be that exeretion of the free compound, or the
conjugates of the free compound, and metabolites by the faecal
route could account for the rapid clearance of aldosterone
fmfn the blood. We have no data on this pomt, but 1f 1t were
50 it would be an unusual route of excretion for a steroid by

man,
Rate of Production and Plasma Values

‘vaxded that the speed of muang of a steroid with the
;lll]lselble pool is fast compared with the rate of metabolism
en

e, and &p = concentration in plasma of any two steroids
4 and B,
L

"4 and ¥4 = miscible volumes of the steroids,
Bl00Dp—11
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fraction, and it was also present in a similar extract from urine.
Little radioactivity due to free aldosterone was released from
this fraction in blood.

(d) Increased formation of conjugates hydrolysed by mild
acid conditions. Since Luetscher’s work (Luetscher and Curtis,
1955), it has been known that aldosterone is metabohzed in &

BOSITION OF STANDARDS
ON SIMILAR COLUMN

“——TETRAHYDROCORTISONE
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Fic. 5. Running properties of radioactmvity released by B~

glucurorudase from blood 2 hours after wnjection of [16-4H]
aldosterone,

different manner from cortisol. Much more free aldosterone,
20-30 times 1 our experience, 1s released from urine after
continuous extraction at room temperature and pH I than at
neutral pH, whereas the free cortisol is not incrensed by this
procedure. It is possible that the formation of this type of
conjugate, possibly a sulphate or even an easily hydmlysub]e
glucutonide in the 18-position, could account for the rapid
removal of aldosterone from the blood. Continuous ch!orm
form extraction of blood ot pH 1 and room temperature ):18}&15
0-15 per cent of the dose per 1. plasma, 2 hours after giving
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16-3Hlaldosterone, Whilst this value is higher than the
orresponding one for [4-14Cleortisol (0-05 per cent), it 1s
nuch lower than those for the free steroid fraction after
4-4CJcortisol and glucuronide fraction after [16-*H]aldo-
terone, The amount of aldosterone released by this procedure
vas also very low and probably less than that released at
eutral pH, It might also be expected that mixed conjugates
f the same molecule would be formed, for example glu-
uronide on the 3-position and sulphate on the 18-position.
However, the radioactivity in the extract obtaned by con-
nuous extraction at pH 1 and by mncubating with g-gla-
uronidase was independent of the order in which the two
procedures were carried out, which argues agamst the existence
of large amounts of this type of conjugate i blood. This does
ot exclude the possibilities that the aldosterone and its
metabolites, conjugated in this manner, may be more rapidly
exereted than the usual glucuromdes or may not be completely
hydrolysed by the present methods. In a 24-hour collection
of urine, about 10 per cent of the injected radioactivity is
rleased by continuous extraction at pH 1, of which about
one-third is due to aldosterone 1tself. These figures may have
to be revised if more efficient methods of hydrolysis are
developed for this type of conjugate.

(€} It may be that excretion of the frec compound, or the
conjugates of the free compound, and metabolites by the faecal
Toute could account for the rapid clearance of aldosterone
from the blood. We have no data on this point, but 1f 1t were

50 it would be an unusual route of excretion for a steroid by
man.

Rate of Production and Plasma Values

.F'{owded that the speed of mixing of a steroid with the
:nhlsclble pool is fast compared with the rate of metabolism
en

ifz, and 2= concentration in plasma of any two steroids
4 and B,

V4 and ¥ = miscible volumes of the steroids,
200D—11
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Tf and T = half-lives of the specific activities of steroids
A and B in the blood, following an injection of the
respective radioactive hormones and after equilibrium
has been cstablished (usually after half an hour),

P, and Pg == rates of production of the two steroids,

th Aol oy L B
en 2 TP, TRV,
If one that the miscible vol of the steroids to

be considered are similer, which is probably true for cortisol
and aldosterone, as indicated from Fig. 2, then
w Py T}
5=F I
The rate of production of cortisol has been deduced from
mensurements of the turnover rate of the miscible pool
{Peterson and Wyngaarden, 1956), from clinical data on the
amount necessary to maintain patients with Addison's
disease (Knowlten, 1952), and from calculations derived from
the quantities of metabolites in urine (Dorfman, 1954), and all
agree in giving about 20 mg./day as the most likely secretion
rate for normal adults. The half-life of cortisol, as defined
above, is about 1-4 hours from the data of both Peterson and
Migeon and their co-workers. The plasma concentration would
appear to be about 10 pg. per 100 ml. plasma, this representing
the mean daily value bearmg in mind the diurnal variations.
The plasma concentration of aldosterane at .80 n.m. has
previously been estimated by biassay following chromnt_0~
graphy in pooled samples of normal bload (Simpson and Tait,
1955) and found to be 0-02-0-20, mean value 016 ug. per
100 ml. plasma. The amount necessary to maintain normal
electrolyte balance in Addison's disease would appear to be
about 250 pg.fdny (Prunty et al., 1954). The production rate
can be ealenlated from the speeific activity of aldosterone in
the urine sfter administration of {16-31]aldosterone and the
results for two young male students exereting normal amounts
of aldosterone ore shown in Table 1T giving values of 170 and
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190 pg./day for the secretion rate. Taking the value of T for
this hormone to be about 0-4 hours, the mean daly concen-
trations in plasma, predicted by the above equations, should
beabout 003 ug. per 100 ml, plasma. This s rather lower than
our previous values, but is not in conflict with those on indi-
vidual subjects (determined simultancously with the rate of
production measurements on the same males) in the present
studies as shown in Table II. It is unlikely that dwurnal

Table 11
Rate of |24-hr. Unind Predicted
Production | Atdosterone | Jhoed, | | Dlood Tlood
Subject of at Cortisol | dldosterone | 4,01 rone
Alosterone|  pIr1  |2€ 100 mL | pg 00 ML 4L oy,
v 4 plasma | plarma | BE: -
pg.perday| inpg. ‘plasma
A
normal 170 14 10-0 0:07 003
diet 00%0 14
c
"‘mnl 190 8 98 <010 003
o
©
low sodum | 750 42 20 014 013
et 0080 18

vanations would alter these values, for we have observed httle
alteration in the urinary exeretion of aldosterone during
consecutive 8-hour periods. However, these measurements of
aldosterone in blood cannot be regarded as being very accurate
because of the low concentrations. One of the subjects was
t}m"e"ﬂe depleted of sodium by sweating and placed on a low
sodium diet untal he was excreting only 7 m-equiv. Na per day
in his urine, The urinary output of aldosterone, extracted
at pH 1, rose fivefold, in agreement with the observations of
Other workers, and the rate of production increased in nearly
Qhe. same proportion to 780 pg./day. This shows that the
action of a low sodium diet 1s on the secretion rate rather than
onthe mode of metabolism, According to the above equations,
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T{ and T] = half-lives of the specific activities of steroids
A and B in the blood, following an injection of the
Tespective radioactive hormones and after equilibrium
has been established (usually after half an hour),

P, and Pp = rates of production of the two steroids,

o P Ty Ty

L x 77 x A
If one assumes that the miscible volumes of the steroids to

be considered are similar, which is probably true for cortisol

and aldosterone, as indicated from Fig. 2, then
Ty _ P, Tf
EXND PR ¢
The rate of production of cortisol has been deduced from
measurements of the turnover rate of the miscible pool
{Peterson and Wyngaarden, 1936), from clinical data on the
amount necessary to maintain patients with Addison’s
disease (Knowlten, 1952), and from calculations derived from
the quantities of metabolites in urine (Dorfman, 1954), and all
agree in giving about 20 mg./day as the most likely secretion
rate for normal adults. The half-life of cortisol, as defined
above, is about 1-4 hours from the data of both Peterson and

Migeon and their co-workers. The plasma coneentration would

appear to be about 10ug. per 100 ml. plasma, this representing

the mean daily value bearing in mind the diurnal variations.

The plasma concentration of aldosterone at 9.30 a.m. has
previously been estimated by bioassay following chromxt_tr
graphy in pooled samples of normal blood (Simpson and Tait,

1955) and found to be 0:02-0-20, mean value 0-16 pg. per

100 ml. plasma. The v to maintain normal

electrolyte balance in Addison’s disease would appear to be

about 250 pg.fday (Prunty et al., 1954). The production rate
can be calculated from the specific activity of aldosterone in
the urine after administration of [16-3H]ald and the
results for two young male students excreting normal amounts
of aldosterone are shown in Table II giving values of 170 and

then
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190 ug./day for the secretion rate. Taking the value of T for
this hormone to be about 0-4 hours, the mean daily concen-
trations in plasma, predicted by the above equations, should
beabout 003 pg. per 100 ml. plasma, This is rather lower than
our previous values, but is not in conflict with those on indi-
vidual subjects (determined simultancously with the rate of
production measurements on the same males) in the present
studies as shown in Table II. It is unlikely that diurnal

“Table II
Rate of | 24-kr, Urind Predicted
Production | dtdssterone | rood | | Blood | piooa
Subject of at o | et | tidosterone
Aldosterone | prl 1 |#ELI00 . HE MO0 M | ag (100 ml,
ug perday| inpg. s plasma
A
ormal 70 14 10-0 007 003
diet 0030 14
c
normal 1% 8 28 | <010 003
diet
c
Yo sodrum 780 42 20 0-14 013
et 0 08-0 18

variations would alter these values, for we have observed little
alteration in the urinary excretion of aldosterone during
tonsecutive 8-hour periods. However, these measurements of
aldosterone in blood cannot be regarded as bemng very accurate
:’ecause of the Iow concentrations. One of the subjects was
. o(eirlefore.deplet.ed of sodium by sweating and placed on a low
) hlfm dl'et until he was excreting only 7 m-equiv. Na per day
at {; ;lnne. The urinary output of aldosterone, ext.racted
ot h,; , rose fivefold, in agreement with the observations of
o workers, and the rate of production 1.ncreased 1n nearly
acte :mfe ;lwroportlvon to. 7§0 pg-/day. Tl.us shows that the
o th ofa low sodium diet is on the secretion rate rather than

¢ mode of metabolism. According to the above equations,
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the plasma values should then have been 0-12 ug. per 100 ml.
plasma. The actual value was 0-14 3 0-06 pg. per 100 ml.,
which is 1n good agreement, indicating that the lower limits
of the values previously obtained on pooled plasma are more
likely to be the true ones for individual specimens.

If the correct value for the aldosterone concentration in the
plasma of normal subjects is about 0-03 yg. per 100 ml. then
it scems doubtful whether any simple method can be evalved
for its estimation in this fluid, and knowledge of the effective
level of hormone reaching peripheral tissues must be deduced
indirectly from the equatron,
constant X rate of production X T

museible volume

plasma ration =

The measurement of rate of production in the particular case
of aldosterone is no more difficult than obtaining values for the
urinary excretion of aldosterone 1f the methods described in
this paper are used (Ayres et al., 1957), and could be easier with
a few difications. T, and ible volume must ideally be
obtained from the disappearance of radioactivity in plasma
after injecting (16-3H]aldosterone which, although a laborious
procedure, is simpler technieally than measuring the aldo-
sterone 1 the plasma dircctly, In certain circumstances
alterations in the T, or miscible volume values would be
revealed by estimating the total amount of radioactivity as
aldosterone, released by extracting urme at pH 1 and also at
neutral pH. This gencral approach to the problem would give
the mean daily concentration of aldosterone in plasma, and
would hence be of more value for clinieal diagnosis than for
acute physiological experiments. i

For corticosterone, taking T as 1-0 hour and the miscible
volume equal to that of cortisol, then mean daily plusr.ml
concentration (ug. per 100 ml. plasma) = 05 X 0-7 X daily
rate of production m mg.

Table ITT shows the plasma concentrations of cortisol and
corticosterone for four normal subjects at 9.80 n.m, :\Icnsurv
ment of the rate of production from the specific activity of the
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free corticosterone in urine following an injection of [16-*H]
corti one presents iderable technical difficultics
beeause of interfering substances on the final paper chromato-
gram. A more general method may be the estimation of the
specific activity of an exclusive metabolite. However, m one
subject, (F) (Table I11), a reliable estimate of 0-84 mg. per day

Table ITI
Normal riisol Cortrcosterone
Subjects € 300 ml. plasma pg 100 ml. plasma
a 10 —
B 10 _
¢ 13 06
D 5 <04
E 27 05
¥ 18 03
& 1 0 85-0 45

Was obtained for the production rate, which is n fair agree-
ment with the value obtained from the plasma concentration
using the above equation. It therefore appears that cortico-
Sterone is & minor component of adrenocortical secretion
the four normal men so far investigated.
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DISCUSSION

Farrell: Thig 18 very exciting work. I am especially interested in the
urpary form of aldosterone. You mentioned that about 10 per cent of
“‘? mjected dose was recovered in the urine, so presumably 80 per cent
of it must have been present in some other form

Tail: 10 per cent was released after continuous extraction at pIf 1and
R T . A Rt

45 per cent of the dose. "The aldosterone released at pH 1 15 about 5 per
eent of the dose.

Farrell: So about half of the in; jected dose has thus far been recovered
after 23 hours?

Tau: Yes.

Migeon- Don’t you think that you could noticeably increase your
Tecovery by studying the second 24-hour urine collection?

Zail. We have the unne but we haven’t analysed it yet. The crude
€xtracts might be very difficult to analyse if the radioactivity 1s low as
there are certain technical dificultses 1n assays of tntum.

snd it j Now your inj were made intraven~
Ously, Dr. Tait? Intravenously injected steroid hormones are, as a rule,
£xcreted in the unne in contrast to the mtramuscularly administered

ormone. In my i tntated p was mjected intra~
Touscularly, and the bulk of the radioactivity was excreted 1n four days;
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thereafter it 15 quite small. Oun the cther hand, in Gallagher's experi-
ments With intravenously wnjected “C-labelled progesterone, most of
the radioactivity was excreted i the urme in about 8 hours or so

Migeon Yagree with Dr. Pearlman that sterouds given intramascularly
are excreted move slowly than those administered intravenously. How-
ever 1 our experiments with [16-2*Cloestrone, the hormone was groen
mtravenously Afterthe first day 87-51 per cent of the dose was excreted;
the second day the cumulative excretion was 63-72 per cent, the third
day 71-80 per cent. On the fourth day, 8 3 to 7 4 per cent was still
excreted; on the fifth day 1 410 3 9 per cent; ang on the sixth day 08
10 1-6 per cent of the dose,

Farreil+ Dr. Tait, in connection with the urinary allosterone, your
work has advanced this problem & very great deal, smee you are able to
recaver 50 per cent of the injected dose, which is much more than has
been previously recovered. Have you apphed your techniques to, for
example, patients in cardiac faure, n whom inereases of the urinary
aldosterone have been reported? e have heard a considerable smount
of speculation to the effect that these mcreased values may not be due to
increased production of steraid but rather to altered handhng of it.

Tart: The only rate of production measurement ne have made oft
urme from a patient with a pathologieal condiion was on a severe but
untrented nephrotic patient ;n which the unnary aldosterone was
normal and the rate of production was raised by only 50 per cent
compared with our two normal values,

Singer - On the question that Dr. Farrell rarsed regarding altered renal
handling, there ate some expenments which we did in Montreal which
might be of wmterest. We wondered whether altered venal handhng
mught be responsible for the high output in the nephrotic syndrome.
We therefore studied rats whick had been rendered nephrotic and found
that the aldosterone secretion 1 the adrenad vein blood swas elevated.
In one tnstance 1t Was ten times higher than the level obtained in control
ammals, So it seems that, although there may be an alteration in renal
handhng m this condition, there does appear to be an incrensed secretion
of aldosterone.

Farrell: We were § to find in i 1 cardiae farfure in
dogs no increased vutpnt of aldosterone wnto the ndrenal vein, We have
wondered »f mcreased urinary exeretion of aldosterone rmght be relat
1o renat changes associated with cardiae disense or some other abnor:
mality of the metabolic handling of the steroid rathec than to on schunl
change i the ate of secretion,

Dush: How do you preoduce your cardiac farhure?

Farrell- By constriction of the pulmonary arteries

Snard- Could the increased output of aldasterone in states of swhat

1 think Dr, Venning called apprehension, such as those prior ta exami-
nations and fhe presentation of scientific papers, be correlsted at all iq
the patienta with cardiac faslure, whom 1 imagine wauld be considenably
) p"hmmte :cem« posstble. The dogs were anaesthetized and presum-

“arrell; 1!
nb{y no emotional factors complieated the study,
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Samuels: Dr. Tait, did you attempt to measure total tntium activity
in the urine?

Tl'lll.' I think the hni i ies In i tritium wall
it a3 e

semtillation counter, )

Singer: T have Just made a quick comparison of the aldosterone values
that we obtain in the adrenal vein blood of rats  If one assumes that the
production rate continues the same for 24 hours as 1t does in the 15
tl"ourith.at we have studied, then the daily production rate, per umt

eass 1\3, the only check we have on our rate of production measure-

Wrvenane ndeeeteana® PR .o .- -
i .- . .
Er .

e Siher polat that intrigues me s youe nformation about the
ot Cotticoste . tell us how
Tch of the ~resat o ot YOUT strppangs. Can you tell w2 3%
1

i
«

2t In thy al
Werrht af s e 93(}13:1‘(1:‘ the production of corticosterone per_equ
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be abave 100 ug/day. You could expect that {n pregnancy this tetr
hydro-like derivative will also be excreted in relatively increase
smounts,

. Tax- Yes, 1 think that. that type of urine rught enable us to jsolat
it It would be Very nice to repest these experiments with tritiate
aldosterone in pregnancy. The answer to some of the questions raiser
depends on whether the ! of the d urinary ald

8roup 15 viot yet convineed that some of these untreated pathological
eases do show 1nereased unnary aldosterone,

Loraine. Your observations were made mainly in normal subjects,
DOT you X’I;ave any information on blood levels i patholegenl conditions?

it Neo.,

Heller. Dr. Tat, have You had oceasion to look for dwrnal changes
n your normal subjects?

Latt. Yes, in normal subyects with uncontrolled diet, such as those
shose daily rate of prog af aldost; was d, and in
normals on a controlled diet snd fully rechnmg, consecutive §-hour
coliections shawed hitle vanation, particularly compared with that of
free cartisol, 'The small vanation that did occur was not correlated with

eortisol, sodium or Venning and Luetscher nlo found this,
FPearlman: It might be interesting to compare for the sake of com-
Jets th ime of end: 1. in the blood pool

e
with that of the other steroid bormones. The figure previously given for
progesterone and the oesteogens 15 8 to ¢ minutes, that for cortisof is
26~47 minytes, and on the bagis of Dy. Tot's figures we would armve ata
tumnover time for aldosterone of about 8-10 minutes, In other words,
the turnover time of sldosterone is much eloser to that of the rapidly
disapp 2 sterowd h such ay and the
rather than that of cortisof, i

Aforris: In the days when D, Wilhams and I were working in this
field, there was some conflict, between Bush and aurselyes oyver the
different levels of corticosterone in plasma. T think that 1 must aceept
Dr. Toit’s elegant work as being quite definstive here, and that we were
wrong and Hush was certaimly night. At the tume Ithought the evidence
veas farrly well balanced. 3

Busk: § cannot fet Prof. Morns’s handsome withdeawal €5 by without
thanking lum (a) for laying & Jong-lived bogey i my mind, and ()

esolve these conflicts i pasay, 83
it saves & lot of other peaple & 2ot of troublc, and it leayes them free 1o do
other more useful things,



Short Communication:

THE DETERMINATION OF PLASMA OESTROGEN
LEVELS IN LATE PREGNANCY*

E. H. Arrxex and J. R. K. PreEDY
Medweal Undt, London Hospital

. WE would like to present our preliminary results in six cases in
bamae e - . L s DI

The techruque used was as follows: .

About 9 ml, Jate pregnancy plasma was refluxed for 45 minutes
in 1-8N-HCL It was hoped that this procedure would result in the
release of all oestrogen bound to protein, in addition to the hydrolysis
7‘f'conjugntes. Pure oestrogens appear to be stable to this treatment

A8 Leswilihg extract was subj 0 partition T p

as follows. The extract was transferred to a partition column,
14 em. long, 0-57 cm. internal diameter, contaning “Hyflo Super-
cel” g5 supporting phase, mtunately mixed with the stationary
phase—72 per cent methanol: 28 per cent distilled water (v/v).
Chromatography was carried out using three suceesstve mobile
phases, of the following compositions:

Furst mobile phase—20 per cent CCl-80 per cent petroleum ether
(b.p., 60°-80°),

Second mobile phase—14-6 per cent CCl,-13 per cent CHCl~
72+4 per cent petroleum ether.

Thu‘;ll mobile phase—48 per cent CHCl;-52 per cent petroleum
ether,

{All percentages are v}v),

The compositien of the second mobile phase was obtamed by
mixing the first and third mobile phases, in the proportions 73 per
cent and 27 per cent respectively. The successive mobile phases were

* This short eommumcation was presented &t the Conference by Prof
C. J. 0. R. Morns.—En.

831
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delivered to the column by automatic means. A brief description
of this chromatographic procedure is given by Aitken and Preedy
(1956), using stationary and mobile phases of shghtly different
composition,

One ml. fractions obtained from the column were dred off and the
‘ toT :d fluormetrically by the method
except that benzene was substi-
sthanol mixture used to dissolve

the dry residues before fluorimetry.
The degree of separation of the three oestrogens, oestrope,
oestradiol-17f and oestriol, using the above procedure, 1s shown In
Fig. 1. Quite small amounts of oestrogen, 0-1 pg. or less, can he

10 o e’ 100
OESTRONE 3
{0 09yg)

/
{

OESTRADIOL -I7P,’
OESTRIOL

(0103} |5 1)

[N

4 12 16 20 24 28 32 36 40 44 48 52 58 60
VOLUME OF ELUENT (ml)

FLUORESCENCE INTENSITY

Fic 1. Separation of the three man oestrogens by partition chromato-
graphy. The oestrogen peaks are labelled The Interrupted line wdi-
cates changes 1o polanty of the mobile phase (see text).

conveniently estimated. The interrupted line indicates the intro-
duction of the third and more polar mobile phase mto the system,
. ) : o * increase in
The small
) represent
o he column
when the polanity changes. i

Fig. 2 P pper curve) shows the result of our procedure in Iate

et lngmn noma @ ml Tha thraa asckeaman neal-a are Iahelled

interfering material, .

mA furthber 9 m). of the same plasma was submitted to the same
rocedure, but before the extract was chromatographed approxi-

mately 024 ug. oestrone, 0-12 pg. ocestradiol-178 and 0:38 pg.
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oestriol were added. The result is shown in Fig. 2 (lower curve).
It will be seen that the addition of the pure cestrogens results in o
symmetrical increase in size of the three labelled peaks.

LATE_PREGNANCY PLASMA (9mi}

OESTRONE {0 24 )

" OESTRIOL {0 38191

&4 OESTRADIOL 17-B (012pg)

FLUORESCENCE INTENSITY

b 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68

WITH_ADDED OESTROGENS

24
zj OESTRONE CESTRIOL

CESTRADIOL- 7R

FLUORESCENCE INTENSITY
5%

4 B 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
VOLUME OF ELUENT {ml)
Fic 2. Upper curve, A typical result obtamed from the chromato-
graphy of late pregnancy plasma.
Lower curve. The addition of crystalline oestrone, cestradiol-178
and oestriol to the same plasma results i o symmetrical mcrease 1
size of the labelled oestrogen peaks.

The plasma levels of oestrone, oestradiol-178 and oestriol n the
six cases of late pregnancy which we have studied are given in
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17 . -
s1x normal males have also been studied. In some no oestrogen could
be detected, but mn others cestrone and cestriol of the order of 0+1-
0-2 pg 100 ml plasma was found. No oestradiol-178 could be
RIS SN “ T yem OERR "

for urine, that is a mean of 82 per cent (Aitken and Preed);, 1956).

Table 1
TLASMA-OESTROGEN LEVELS IN NORMAL LATE PREGNANCY
(Reproduced by permission of the Editor, The Lancet)

v | rme T Oty v
Cose | 4, of | parous (P}

o preg- or muili- Oestra-

nancy | parous (M) | Oesirone 0l 173 Oestriol
1 29 a M 2 65 1.25 428
2 25 38 P 308 2:04 17 5
3 84 38 M 715 2.19 710
4 36 38 M 10 30 140 8:65
5 22 39 P 9 20 2.93 17
6 36 42 M 6-50 1.82 865

Tt ~vmanme Vlralee $hat 4l ncanadica sl datant ana f the newlv

L
urne.
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following three tables.

Table I (Loraine)

CONCENTRATION OF OESTROGENS 1 PREGNANCY BLOOD

Oestrogen concentration g./100 ml
Source

Oestriof Qestrone | Oestradiot-173

Cord blood 38-70 10213 0 51-9-85

Maternal blood.

5280
(3540 weeks’ gestation)

1546 07 g4

Table II (Lorame)

RECOVERY OF OZSTROGENS FRON BLOOD

Recovery per cent
Muatersal tested
Qestriol Oestrone QOestradiol-178
Cord blood 72108 (100) 65-90 (79) 63-93 (86)
Male blood 51111 (74) 40-76 (G6) 62-82 (11)

. 333
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Table III (Loraine)
DISTRIBUTION OF OESTROGENS IN WHOLE BLOOD

Dustribution per cent
Free Conjugated  Protein-bound
Oestriol 21 39 40
Oestrone 80 ml 20
Oestradiol-178 80 ml 20

Diczfalusy: It was very gratifying to see Dr. Preedy’s nice data,
but I should hike to pomnt out one discrepancy. My analyses in 1953
(Acta endoer., 12, suppl. XII) were carried out on so-called retro-
placental blood, re. on vagmal blood following delvery; therefore
one would expect somewhat higher values here in the immediate

ghbourhood of the pl thanm the sy ic circulation, Last
year we reported an 1mproved method for the estimation of oestrone,
vestradiol-17p and oestriol in tissues(Diczfalusy and Lindkvist(1956).
Acta endocr., 22, 203). Recently this method has been applied to

s TR 1ew Ea e v oamogens
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' ter 1
Dr.
Bush

purp pumps itin. Inoticed, Dr. Bush, that you quoted & \:nlued o:
(- mosecty Hn B, e e 6 P el

his
Cus I . L is
Yoo cagried 1n the blood, five-sixths of it is carried in the sed cell?
Or would you care to go that far? . o
‘Bush: No, I wouldn't. T think there are two things: first, in rizo
youhave o steady state mn which the concentration of freely extract-



GENERAL Discussion 837

able cortisol from red cells would appear to be very low; but in view
of the low recoveries of cortisol I have described from Iysed cells, I
think those results by direct analysis of red cells may need further
examination. Certainly I regard my own figures on this question as
subject to considerable doubt and intend to repeat the work on
larger volumes of cells, correcting with the recovery for the radio-
active sterord. Second, however, the in vifro uptnk:a to my rmind
SR S . eyt

PRERAY ST TN

concentration 1n or on the cells agree with the results caleulated from
the outside figures, whieh are not to my mind n doubt. The two
possible explanations to my mind are, either that the phenomenon
does not exist +n vivo because the cells have been damaged in vitro;
or that there may be a metabolic removal of cortisol en vivo so that
the steady state concentration 1s low. I think until one has analysed
{resh cells with a control on the recovery from these cells, one cannot
be sure of the actual content of red cells in vizo.

Farrell: Along the same line of questiorung, I have noted that in
trated plasma the ratio mside : outside 13 0-3 - Now that certainly
i 3 Lo o s A

pending medium 1s very much greater.



METABOLISM AND PLACENTAL TRANSMISSION
OF CORTISOL DURING PREGNANCY,
NEAR TERM

Craupe J. MiceoN, JEAN BERTRAND, Parricia E. Waui,
RoperT 8. STEMPFEL and HARRY PRYSTOWSKY

Depariment of Pediatrics and Obstetrics, The Johns Hophins Hospital,
Baltimore, Maryland

KNOWLEDGE of adrenal physiology during pregnancy and
during neonatal life has advanced rapidly in recent years.
Such progress was due primarily to the development of
methods for the determination of circulating steroid hormones
and to improvements in the techniques of measuring their
urinary metabolites.

A progressive rise in the levels of free plasma 17-hydroxy-
corticosteroids (17-OH-CS) during the course of pregnancy
has been observed by several investigators, Gemzell (1953)
reported a fourfold increase in plasma 17-OH-C$ near term
‘when compared to the levels observed early in pregnancy.
At 80~40 weeks of gestation and prior to the onset of labour,
Assali, Garst and Voskian (1955) found an average level of
49 pg. per 100 ml plasma and Robinson and collaborators
(1955) an average of 83 pg. Bayliss and co-workers {1955)
observed an increase from control values of 10-18 pg. to an
average of 24 pg. per 100 ml. In our experience, the 8 a.m.
levels of free plasma 17-OH-CS, near term, were somewhat
less elevated than those reported by most investigators cited
above. At 87-40 weeks of pregnancy, the average in 28
subjects was 23-8 yg. with a standard deviation of +9°2,
compared with an average of 15+5 = 6-8 pg. per 100 ml.
plasma in a group of 54 non-pregnant femulcs.. This dgscre-
pancy in results must be related to differences in techniques
even though most of the other workers were using the method
of Nelson and Samuels (1952) or a modification thercof. In

238
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the present study, the modification of Eik-Nes, Nelson and
Samuels (1958) was employed; n satisfactory correlation
existing between results obtained by this method and paper
chromatographic techniques in normal individuals before and
after ACTH administration (Bush and Sandberg, 1953), as
well as in patients undergoing surgical and medieal stress
(Migeon et al., 1956b). As shown in Table I, in two women

Table [
CoMPARISON OF THE RESULTS OBTAINED By TOE METTIOD OF NELSON AND
SAMUELS AND PAPER CIROMATOGRAPHIC TECHNIQUEST

17-011-CS L‘ompw"dli‘
.1100 mi, {100 mi,
Sampler Delivery i ron s | 5

(paper
Samuels) chromatography}

Maternal plagma | Elective Cacsarean 21-5 180
Maternal plasma | Elective Caesarean 260 18
Maternal plasma Vaginal delivery 56 0 47-6
Cord plasma Vaginal delivery 210 14 5

g5 asuple was mado up by pooling spprosimataly edual swounts of pastas from three
¥ Techalque desctibed by Migeon and co-workers {19566}

near term (prior to an elective, repeat Caesarean section) the
values obtamed for 17-OH-CS were in good agreement with
the amounts of cortisol eluted from the paper chromatograms
of corresponding extracts. It 15 therefore our feeling that,
at the end of pregnancy, the levels of free plasma 17-OH-CS
are not more than twice the control values.

1t has been observed that labour also causes a rise in the
maternal concentrations of plasma 17-OH-CS. This is illus-
trated in Table IY by the higher pre-delivery values in the
vaginal series when compared to those obtained in the elective
Caesarean group. Our findings confirmed those of other
Investigators (Assall, Garst and Voskan, 1955; Gemzell,
Robbe and Strém, 1956).

The trauma of parturition in itself appeared further to in-
crease the maternallevels asshown by the higher concentrations
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found at delivery when compared to the pre-delivery values
in the vaginal series (see Table II), although this might be only
the culminant effect of labour.

Following delivery, the plasma 17-OH-CS levels were
reported to remain elevated for a period of time (Robinson
et al., 1955). In our experience (Migeon et al , 1956a), on the
third day post-delivery, the maternal concentrations weve
found to be higher than normal in the vaginal series (Table IT).

From these data, 1t has been assumed that there was a pro-
gressive merease of the rate of carticosteroid production during
the course of pregnancy. Other evidence was given by the
study of urinary excretion of corticoids by pregnant women:
glucocorticoid excretion has been reported to be increased
by Venning (1946); urinary neutral reducing lipids were also
found to be elevated (Heard, Sobel and Venning, 1946; Jailer,
1951; Dewis, 1954). An elevation in the urinary levels of
formaldehydogenic substances and the steroids reacting with
dinitrophenylhydrazine has also been reported by Tobian
(1949), and by Jayle and co-workers (1953}, respectively.

Several theores have been presented to explain these results®

An 1ncrease 1n size of the maternal adrenals has been
mentioned by various authors (see review by Whiteley and
Stoner, 1957), and has been taken as evidence of hyperfunction
dunng pregnancy; this would be the result of the high levels
of oestrogens 1n maternal and foetal blood (Gemzell, 1953).

It has also been postulated that the placenta was the site
of corticosteroid biosynthesis and that, consequently, the
elevated plasma 17-OH-CS observed durmg gestation might
be the result of an extra-adrenal source of hormones. Such a
theory is sustained by the fact that adrenal cortical hormones
were detected in human placenta extracts by Johnson and
Haines (1952) and by de Courcy, Gray and Lunnon (19‘?2)-
Furthermore, the findings of Knowlton, Mudge and Jailer
(1949), those of Jailer and Knowlton (1950), Hills and his
associates (1954) and Juiler (1956) suggested that in ;'n'c’g{rlmt
‘Addisonian women there was some evidence of adrenocortical-
like activity, presumably denived from the placenta.
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842 CraUDE J. MigEON ET 41,

The ovaries have also been proposed as a possible site of the
increased corticoid activity during gestation (Devis, 1949).

As a result of this information, we undertook the study of
the metabolism of [4-1%C]cortisol in pregnant women.

Study of the metabolism of [4-14C]cortisol
during pregnancy, near term
One pe of the radioactive steroid was administered 24-48

10 to
TAgLE FRACTION GLUCURONOSIDE FRACTION

/
+ e
A © SUBLECT a0 ~ os
o ap
. . »a
.

- Ay

PER CENT DOSE PER 1000 ML PLASMA

°
20 40 €0 120 240 20 40 €0 120 240
MINUTES  AFTER  INJECTION

- L

hours prior to “elective, repeat Caesarcan section * (Migeon,
Bertrand and Wall, 1957).

The disappearance curves of free radioactivity jn ﬂ_le plasma
and those of the glucuronoside fractions are shown in F1g. 1.
The results are expressed in percentage of the dos'c admin-
istered per 1000 ml. plasma and are plotted ngx?inst time. _Thc
shaded areas show the extreme range of variation obtained
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in five normal males and two non-pregnant females (Migeon
¢t al., 1956¢), while the broken lines show the average values
for the control group. The half-life of the free fraction is
80 minutes for the controls in contrast to 140 to 160 minutes
in the four mothers. This means that s pregnant woman
near term who has a cortisol production equal to that of a
non-pregnant individual, could have a level of free plasma
17-OH-CS twice that found in the control subject. It follows

0
FREE FRACTION GLUCURONQGSIDE FRACTION

PER CENT DOSE PER 1000 ML PLASMA

3
4 SUBJECT AL \‘\
asf 4 SvoreeT At 3
-
. -
oL
5 v
BRI 7 B Z30
WINUTES  AFTER  INJECTION

Fic. 2, Radioactivty 1n the free and glucuronoside fractions from plasma
of mothers who received [4-4Cleortisol 17 to 69 mmnutes prior to an
elective repeat Caesarean section

that this alteration of cortisol metabolism could be entirely
ble for the de of the increase in plasma
17-OH-CS observed at the end of pregnancy by Bayliss and
collaborators (1955) and by ourselves. However, it would not
completely account for the three- to fourfold increase reparted
by Gemzell (1953) and Assali, Garst and Voskian (1955). Itis
pertinent here, of course, that the glueuronoside fraction was
much smaller than normal,
In Fig. 2 are given the curves obtained in six cases where
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the radioactive steroid was given 17-69 minutes prior to
elective, repeat Caesarean section. The results were similar
to those found in patients who had received {4-14C]cortisol
24-48 hours prior to delivery; the rise in plasma 17-OH-CS
levels observed following this surgical procedure would there-
fore appear to be due to a true increase in adrenal function,
We also studied the urine in these subjects. Collections were

Ll 10,
- Lt

URINARY TOTAL
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=
g
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cor aot

2 €10 48 E 2610 18 as

MOURS  AFTER INJECTION

patients Ak, Al Ast, A AN 1LCOVU I 1i—Uv BunuEY peaas T

made 4, B, 12, 24 and 48 hours after the administration of
{4-1*Cleortisol. The total radioactivity of each sample, as fvt”
as the radioactivity of the free fraction, glucuronoside fraction,
continuous ether extraction at pI 0+8 and the stro.ng acid
hydrolysis fractions were determined. The technique of
preparation of the various extracts has been deseribed efse-
where {Migeon et al., 1956c). o

1In Figs. 8 to 6, the rates of excretion of radioactivity per
hour are plotted against time. The shaded aren shows the
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range of variation obtained in seven normal individuals; the
broken line representing the average. The full lines arc the
curves obtained in the pregnant subjects. On the left are the
cases given isotopic cortisol 24 to 48 hours prior to Caesarean
section, and on the right, those to whom it was administered
17 to 69 minutes prior to section.

During the first 4 hours following [4-1C]cortisol injection,

s
URINARY
Fage FRACTION

LXS

ol

aos.

© PATIENT 4O © PATIENT AL
o - ap . A

PER CENT DOSE EXCRETED RER HOUM

o . ar . an
L- Do P

oo , 5
2810 8 38 260 10 38

WouRS  AFTER  INJECTION
Fic 4 Rate of uninary excretion of free radioactivity (see comments for
Fy

the rate of excretion of total radioactivity (Fig. 3) was one-
half of that found in normal subjects. After this initial
Period, the rates observed 1n pregnant women near term were
not sigmficantly different from those found in the control
group. The low excretion of radioactivity duting the first 4
hours accounts for the fact that the total 48-hour urinary
excretion was only 64 to 78 per cent of the dose compared to
an average of 88 per cent for the controls.

- - et e e -
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There was some decrease in the excretion rate of the glu-
curonoside fraction during the first 8 hours, and after this
period of time the rate was at the lower limits of the normal
range (Fig. 5)- These findings correlate with the levels
obtained from plasma.

The amounts of radioactivity obtained after 48-hour
continuous ether extraction at pH 0 -8 (Fig. 6) were somewhat
0

GRIMARY
P GLUCURONOSIDE FRACTION

N

o PATIENT AO Q1 & PATIERT AL
P AP PREY

« - AT oosd a2 w AW
PR Ay o - an

PER CENT DOST EXCAETED PER HOUR

oot
2 & 10 zZ 610 18 B

HOURS AFTER  INJLCTION
. " . =t

Fa. |

Jarger than normal during the 4 to 8 hour collection periodi
thereafter, the rate of excretion was variable. :

1f alteration in the metabolism of cortisol was the maifl
cause of the increase in plasma 17-OH-CS concentrations and
if, consequently, cortisol production was not_ significantly
changed during pregnancy, it would follow fn?m our data o0
urinary excretion of radioactivity that the urinary excretion
of corticosteroids in pregnant women should not }Jc elevated.
This is in contradiction to the results reported in the hter-
ature. However, & critieal exnrqinnliox_l of these rcsu}ts can
explain the apparent difference in findings. In the bioassay
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employed by Venning the free corticosteroids are not removed
prior to pH 1-0 hydrolysis, and it is probable that cortisol and
eortisone are biologically more potent than their tetrahydro
derivatives (Venning, Kaznin and Bell, 1946). It is conceiv-
able, therefore, that the increase in glucocorticoid concentra-
tion observed by this author might be related to the increased
proportion of free compounds excreted during the terminal

URINARY CONT ETHER EXT,

o PATIENT AG
.- ap

s PATIENT AL
e - as

PCR CINT DOSE EXCRETED PER Houm

¢« - AT s« AN

. 2 v aAM
36 2610 36
HOURS AFTER  INJECTION

Fic,8 Rate of unnary excretion of radioactmity following 48-hour con-
finuous ether extraction at pH 08 (see comments for Fig. 8)

phase of pregnancy. Methods which measure neutral reducing
Lipids and formaldehydogenic steroids are known to be relat-
ively non-specific. Itis possible that some of the other steroids
and/or their metabolites which are produced and excreted in
large amounts during pregnancy might interfere with the
measurement of urinary corticc ids by these techniq;

On the other hand, the determination of urinary 17 : 21-di-
hydroxy-20-ketones by the reaction of Porter and Silber
(1950) is probably somewhat more specific, even though it
does not measure all the metabolites of cortisol, such as cortol
or cortolone which have been recently isolated (Fukushima
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There was some decrease in the excretion rate of the glu-
curonoside fraction during the first 8 hours, and after this
period of time the rate was at the lower limits of the normal
range (Fig. 5). These findings correlate with the levels
obtained from plasma.

The amounts of radioactivity obtained after 48-hour
continuous ether extraction at pH 0-8 (Fig. ©6) were somewhat

URINARY
GLUCURONOSIDE  FRACTION

10 "0
N EN

o % 03

& PATIENT
P
o3y ¢ - AT 00sd = -

P Ay 0 -

01 o PATITNT AO ard
. AP

PEM CENT 0OST EXCRETED PER HOUR

oot oor
2 & 10 L] as 2 ¢ 10 1. L
HOURS AFTER INJECTION
Fro. 5 Rate of unmary exeretion of t ble by chloroform
Tollowing B-g! idase hydrolysts (see ts for Fig. 3)-

Jarger than normal during the 4 to 8 hour collection period;
thereafter, the rate of excretion was variable. )
1f alteration in the metabolism of cortisol was the mail
cause of the increase in plasma 17-0H-CS concentrations and
if, consequentlys cortisol production was not sxgniﬁcantly
changed duxing pregnancy, it would follow from our data on
urinary excretion of radioactivity that the urinary excretion
of corticosteroids in pregnant women should not !Je elevated.
This is in contradiction to the results reported in the hter-
ature. However, 2 critical examination of these results car
explain the apparent difference in findings. In the bioassay
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Sinee it is very improbable that the ovary produces any
corticosteroids, it appears that, during pregnancy near term,
the maternal adrenals are the man site of 17-OH-CS pro-
duction, but this production is not increased

Transplacental passage of cortisol near term
Another aspect of our work was the study of the trans-
placental passage of corticosteroids.
Our attention was first attracted by the relationship existing

VAGINAL DELIVERY

17-OH-CS IN MATERNAL PLASMA

1o 2o 30 40 j
17-OH-CS IN CORD PLASMA
Fre & Tratas o tom hntmnnm tha A L denn -

between maternal and cord levels of plasma 17-OH-CS. As
shown 1n Fig. 7, when the maternal levels were over 40 pg.
per 100 ml plasma in cases of vaginal dehvery, the cord blood
levels were over 10 ug. On the other hand, 1n cases of elective,

P
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et al., 1955). When using the latter technique, httle or no
increase in urinary corticoids was observed by Jayle and co-
workers (1958) and by Devis (1954). Furthermore, Gray (1954)
found that free eortisone excretions were higher than normal
while the concentration of tetrahydrocortisone, obtained
only after hydrolysis, was in the control range or perhaps
slightly lower. Our data entirely confirm these findings.
In view of our results, one can also discuss the various
theories of the origin of corticosteroids during pregnaney.
Recently, Whiteley and Stoner (1957) have investigated the
effect of pregnancy on human adrenal cortex—they observed
a shight increase in weight of the adrenals, but the difference
with that of non-pregnant females was mot statistically
significant. Furthermore Vogt (1957) has shown that oestro-
gen therapy decreases rather than increases corticosteroid
output by the adrenals. Therefore 1t seems that the maternal
adrenals during pregnancy are not in a state of hyperfunction.
The human placenta contains 60-100 ml. maternal blood
and the small amounts of corticosteroids isolated from this
organ might come from the blood eontained in placental tissue.
The increase in corticosteroid excretion by pregnant
Addisoman women reported by various authors might also
be related to the fact that the techmques of analysis used by
these workers were measuring steroids other than cortisol or
its metabolites. Beaulien, Bricaire and Jayle (1956) failed to
detect any urinary 17-OH-CS m a pregnant Addisoman when
cortisone therapy was withdrawn; Kaiser (1956) did not
observe any increase 1n the levels of urinary 17-OH-CS of a
patient maimtamed on a constant dose of cortisone. The
progressive rise in plasma 17-OH-CS found by Jailer (1?56)
in a similar case with constant steroid therapy can be explained
by our findings of 2 longer cortisol half-life during pregnancy
near term. It has been shown that pregnancy does not protect
the Addisonian mother agnmnst the development of acute
adrenal cortical insufficiency (Fulls et al., 1954; Kaiser, 1956).
Therefore, it scems that the placenta produces little or no

corticosteroids.
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case, the response of the mothers was similar to that of the
non-pregnant subjects. On the nght in Fig. 0 are the
17-0H-CS levels in cord blood samples obtained after ACTH
infusion to the mother, compared to the cord concentrations
obtained when the mother had not receved ACTH. It is

pp that ACTH administration to the mother produced
ELECTIVE REPEAT CESAREAN SECTION
MATEANAL LEVELS CORD LEVELS
25MG ACTH 1V. INFUSION| AT THE END
H NO ACTH
ERD) l__ OF AcTH
]
\IO
s
3, 0
o
340
2
&30 .
<
zzn :
- s
LTy . 3
L -
2%
e 2 4 s
HOURS

Fic. 9, Effect of ACTH wfusion to mothers prior to an elective Caesarean

Bection on maternal and cord levels of plasma 17-hydroxycorticosteroids. The

end of the ACTH snfusion corresponded to the time of delivery, The cord
copcentrations were more than 10 pg, per 100 ml, plasra,

an merease m the 17-OH-CS levels i the cord. This effect
could result from the transplacental passage of ACTH from
the mother to the foetus, and activation of the foetal adrenals,
However, 1t 1s more likely that 1t was due to an mecreased
Ppassage of corticosteroids from the mother to the baby.
Cortisol was then administered—50 and 100 mg.—to
mothers 80 minutes prior to elective, repeat Caesarean
section. As expected, the maternal 17-OH-CS levels were very
high (Table IIT). Of interest here is the fact that cord levels
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repeat Caesarcan section (Fig. 8), most of the materna
concentrations were under 40 g, per 100 ml. plasma whil
those in cord blood were less than 10 #g. In most cases th
vord blood values were one-half to one-fifth of those of the
mother,

Attempts were then made to inerease the 17-0H-CS

CESAREAN SECTION

5

5]
S

24

@«
o

o
o

20

{7-0H-CS IN MATERNAL PLASMA

T

20 30 40
I7-OH-CS IN CORD PLASMA

Fic, 8, Relationshon hotmeme ds ——oooor 00 oo . "
in maternaf plasm . .
Caesarean sechon,
48 g, per 100 ml

concentrations of the mother by either ACTH or cortisol
administration in order to see if a parallel change would take
place in cord blood.

ca s PE S

The shaded area in Fig. 9 shows the value of one standais
deviation above and below the mean 17-OH.-C$ response in &
large group of controls. It may be noted that, except for one
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were higher than any of the values obtained not only in cases
of elective section but also in cases of vaginal delivery.
Furthermore, these levels were, in all cases, one-half to one-
fifth those found in the mother.

In order to prove beyond any reasonable doubt that cortisol
can cross the placental barrier, cord blood samples were col-
lected following [4-14C]eortisol administration to the mother.
In Table IV is given the free radioactivity in maternal and

Table 1V
RELATIONSHIP BETWEEN FREE woncnver IN MATERNAL PLASMA AND 'nu'r
FOUND IN CORD PLASMA OF [4-14C]
THE MOTHER PRIOR TO AN BLEC’"V‘E REPEAT CAESAREAN SLCTION
Tome bz | 108 225 s
Subjects Injection M,,m:,.' "C,,,,i
and delivery Mother Cord )
17 mamn, 770 161 478
27 mun. 419 146 2 87
39 mun 3 46 121 2:86
51 mun. 8 29 157 200
60 min, 411 0 80 514
89 min 464 170 273
24 hr o 0 —
48 hr. o 0 —
48 hr 0- 0- —_
48 hr. L ° —
44 hr, o 0 —
cord " . v f the dose per I
plasm . to reach the cord
very gnificant amounts

17 minutes after the injection to the mother, The ratio of
maternal to cord values of free plasma radioactivity was i the
. Caro e - B L

sL00D-12
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(¢} Finally, the fact ‘that no free or glucuronoside radio-
activity was found in the foetal circulation 24 to 48
hours after injection suggests that the foetus has means
of disposing of cortisol and its metabolites. They could
either be excreted by the foetus or returned to the
mother,

Conclusions

1. Pregnancy, near term, does not appear to be accom-
panied by an inereased corticosteroid production. The
elevated levels of plasma 17-OH-CS observed n this condition
seem to be mainly related to a disturbance 1n cortisol eata-
bolism charactenized by a slower rate of reduction and/or
conjugation of this steroid.

2. Cortisol can cross the ‘“placental barrier”, but mn a
definite maternal : cord plasma ratio. Consequently, the
levels of 17-OH-CS in cord plasma would seem to be merely
the reflection of maternal concentrations
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administered 24 to 48 hours prior to delivery, no radsoactivity
was detectable in either maternal or cord blood.

In a paper chromatographic study of maternal and cord
extracts, 57 and 42-5 per cent of the free radioactivity,
respeetively, moved in the area corresponding to cortisol.

In Table V are given values representing the plasma

Table V
REATioNSIIP BETWEEN OLUCURONOSIDE RADIOACTIVISY IN BATERVAL
FPLASMA AND THAT FOURD IN CORD PLASHA FOLLOWING ADMINISTRATION OF
[4:11CjconTISOL FO THR MOTHER PRIOR TO AN ELECTIVE BEPEAT CAERAREAN

SECTION
Fame betneen m%",,l,;,a ‘;If:,'m, Ratio
Sulyects yection Mather, Cord
aad deltvery Mother Cord
A G 17 T o 48 ©-13 851
Al 27 tmun, 03t 009 378
A E 29 sun, 013 [ 1
A L. 5% mmn, 0 38 0 08 475
AL 60 s, 048 013 2 92
A M €9 mmn, o 56 024 2 33
A O 24 b, o @ hat
A Q 46 hr [ [} ~
AP 18 hr 0 °- -
AT 48 he 0 o -
AU 44 hr. [ o

glucuronoside fractions. These levels are low, but 2 significant
amount of radioactivity was found in the cord blood, wl:ule
24 to 48 hours after injection of [4-2CJeortisol, no radicactive
glucuronosides were detected.

From the data presented it may be concluded that:

(s} [4-¥Cleortisol can cross the “placental barsies™.

(b} The fact that radio-conjugates were also detected in the

cord blood indicates either that they ean also eross the

placental barrier or that the foctus has some means of

metabolizing the steroid.
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« : . . .
amniotic fluid in toxaemia and n non-toxaemic women. Do your
observations offer any clarification here?

Migeon: We have tried, on two occasions, to measure the 17-hydroxy-
corticosterords of amniotic fluid by the method of Glenn and Nelson
{1953, J. elin. Endocrin, Metab., 13, 911) but have found only negligible
amounts,

When we gave [4-14C]cortrsol to the mother, 17 to 69 minutes prior
AT e B D # -3--4v.-o—t-et- 43 WWhen the
" cted a very

se adminis-

..

Drczfalusy- Hoet’s work was published in Ezperientia (Hoet and
Osmski (1954) Kaperientia, 10, 467). It involved chromatographic

adrenal function of the foetus.

First, 1n cases of “elective, repeat, Caesarean section™ (that is to say
when no labour has taken place and when there was little maternal
st}:ess), the 1"1-}‘:,‘ d 1n cord plasma were

normal adults
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whereas we could hardly detect any free oestradiol or ocstrone in
several foetal organs, in the nmniotic fluid, or n the urine of new-
bom babies; so the question amses, what happens to these free
placental oestrogens? Either they do not eross the placental barrier,
or it tj]ey do—m'ul’l think they do—a considerable part of them seems

he receives from his mother. Iowever, e have some information on
how the baby might handle, after birth, the cortisol that crossed the
?l'acenml barrier. When [4-1%C]cortisol is admunistered to the mother

not accounted for.

Duczfalusy Have you studied the placenta?

MMigeon. Yes, we have some information on the placentas of mothers
who received [4-%C]cortisol 48 hours prier to delivery (that 1s, at a
tme when no radivactivity could be detected in the maternal plasma).
At that time, the placenta contamed significant amounts of radio-
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Fmally o¢v . .
(also N H
culata S
factgll . waratet develops. I one s
willing * . ~uia lasciculata s the site of corticosterard

produc. ., W may be seen that the histalogy of the meonatal adrenal
fits well with our findings.

However, this 15 only indirect evidence Furthermore, we do not
exclude the possibility of changes in foetal adrenal function when the
status of the mother 1s modified.

IIarns. Laboratory data indieates that the pituitary-adrenocortical
system of tmuce, tats and rabbits is actne before bith. The hypophy-
sectomized {decapitated) foetal rat or rablut shows adrenal atrophy,
and the umlateral adrenalectoruzed rat foetus 1 reported to show
compensatory hypertrophy b the remaining adrenal cortex. Alsoin the
human the reduction in size of the adrenocortical glands in the 2nence-
phale monster 15 usually thought to be due to o paturtary deficienty
{for references see Jost, A. (1953). Hecent Progr Hormene Kes, 8, 408).
Have you studied the cancentration of adrenal sterosds i the blood, of
umbiical cord biood, of pregmant Addisonmn patients on constant
mawntenance doses of cortisene?

Afgeon Unfortunately, we have not had the opportusmity of studymg
pregnant Addssonian mothers, As we mentioned in onr paper, Beauliet
and colleagues fasjed to detect unmary 17-hydroxyeorticosterolds in a
pregnant Addwsoman when corhisone therapy was wthdrawn, further-
more, the admustration of ACTY during oue of these periods 6f cor-
tisone withdrawal did net result m urinary excretion of 17-hydra¥y~
corticosterards

Jasler's patient was recewing a constant dose of cortisane but ber
plasma ¥7-byd 1 oude levels rose 1y during the
course of pregnancy. We feel that this phenamen~= ' i
by our finding of a longer corbe~'* 7

A certam number of Addi .
of 17-hy droxycerticosterosds u o
does nat rmse these levels, an

relative adrenal insuffictency " Lo
conceivable that ther plasma , ..smusteroid concentrations
would mncrease somewhat durtg the cotrse of pregnaney without an
ineresse in cor id p and, 1y, their disease

might be favourably infiuenced
Diczfalusy Do you thunk that the foetal organ 15 capable of con-
jugating cortrcosteronds?
Bfigeon- Qur data do not enable us 1o #r—
true that we have detected ~~~
do pot bnae -t

s

mot!
m‘})‘z}z N v vi oestrogen, we find a high con-
ane (e di01-17p), in the placent:

centrc -
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If we believe that during late pregnancy cortisol production is not
increased, there is no doubt that the plasma levels of 17-hydroxycorti-
costeroids are elevated. It is also possible that the hormone concentra-
ﬁonhin the various tissues is i sed, and that might be why arthritis

. . . e

‘ : p . ©
chemical reaction that is going on in the tissues? Certainly the pregnant
Wwoman has not got Cushing's disease, and yet she has a concentration
of cortisol in the blood of much the same order as those found in
Cushing's disease. Tt seems to me that 1t may well be that it is a certain
reaction in the metabolism of those steroids which 13 important in the
Physiological effect, rather than simply the level of the sterouds in the
fluds bathing the tissues,
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amuels, Thay EOtCIsm coyrg be mae of our wor1 at that time, g
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now,
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blood, and their results indicated that in pregnant women the
circulating levels were very low. Edgar (1953a) developed
their technique and applied it to the problem of progesterone
determination in the blood of domestic animals. He was able
to detect the hormone in the blood taken from the ovarian
veins of ewes, but he could not find any in the peripheral blood
of the pregnant and non-pregnant ewe, mare, cow OF SOW, using
a method with a sensitivity of 0-1 pg./ml. blood (Edgar,
1953b). Zander and Simmer (1954) developed a technique
with a sensitivity of 005 ug. progesterone/ml. blood, and they
estimated the progesterone levels in the peripheral blood of
women during late pregnancy, the average concentration
which they found bemng 0 142 pg./ml. plasma {1e. 14-2
pg./100 ml.). Hawever, Zander (1955) was unable to detect
progesterone 1n the blood of non-pregnant women at various
stages of the menstrual cycle. Using a combmation of
Zander’s and Edgar’s techmques, Raes:de and Turner {1955)
found progesterone in the blood from the ovarian vem of
goats, but they failed to detect the hormone in the peripheral
blood of either the cow or the goat.

A number of authors have demonstrated that the human
placenta is a rich source of progesterone, and values given by
Zander (1956) and Pearlman (1957) indicate that, towards the
end of pregnancy in the human, the placenta 1s releasing as
much as 250 mg. progesterone into the maternal errculation
every 24 hours. The levels of progesterone in the foetus are
even hugher than those in the blood coming from the uterine
vein, or 1n the peripheral maternal blood (Zander, 1956), and
Forbes (1955) has produced some evidence to indicate that
the foetus 1tself may produce progesterone, in addition to the
placenta. Philipp (1986) and Hoffmann (1954) have detected
progesterone biologically m the urine of newborn infants,
and Hoffmann and Uhde (1956) presented some mnterestmg
indirect evidence in favour of progesterone production by the
human foetal adrenal. However, Zander (1956) believes that
the placenta 1s the main source of progesterone during preg-
nancy; as evidence for this view, he cites the fact that the
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ProcRrESS in the investigation of the part played by
progesterone 1n reproduction has been hampered for a long
time by the lack of a sufliciently sensitive and specific method
of assay. The fact that large doses are usually required to
produce a biological response has to some extent invalidated
the numerous bioassay techniques that are nvamlable. How-
ever, Hooker and Forbes {1947) developed a microbiological
assay capable of detecting 0-0002 ug. of the hormone, and
the specificity of the technique seemed high. More recently,
Forbes and Zander (1956) have shown that two naturally
occurning metabolites of progesterone, the 20-hydroxy deri-
vatives, both give positive responses in the Hooker-Forbes
bioassay, the 20B-epimer being twice as active as progesterone
in this respect. A number of studies were carried out on t?\e
levels of progesterone in the blood of women, sheep and rabbits
using the Hooker-Forbes technique, but there was always &
marked diserepancy between the results obtained by bioassay
and those obtamned from chemical determmnations, Other
biclogical tests have been applied to the problem.Df pro-
gesterone determination in blood, and Duyvené de Wit ( 1?33»
1941}, using the ovipositor response of the bitterling, ob!':amcd
some slight evidence for the presence of the hormone in the
peripheral blood of the cow ar.ld the pig; but .since.ocstmgeﬂs
and androgens gave false positive responses in this test, the
validity of his results is questionable,

Butt and colleagues (1951) were the first to develop a

reliable chemical method for the assay of progesterone in
862
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the only exception, and even then up to 200 ml could be
handled conveniently, After removal of the ether by evapor-
ating the extract to dryness, the residue was dissolved in
80 ml. light petroleum; the light petroleum was then extracted
six times with 10 ml. portions of 70 per cent methanol. In
view of the high partition coeflicient of progesterone in such
a methanol/light petroleum system, over 98 per cent of the
progesterone was recovered In the methanolic extracts,
together with an even greater percentage of the more polar
adrenal stercids. Fat and pigments present in the omginal
ether extract remained in the light petroleum phase, and on
evaporation of the methanolic extract and concentration 1n a
smell - * . o T
chrom N
systen . L ,
@ : B-unsaturated ketones were detected on the chromato-
grams by ultraviolet contact photography; they were then
eluted from the chromatogram and measured spectrophoto-
metrically, using & mucro-cell of optical depth 1 em, and
capacity 0-5 ml. Using this technique, 1t was possible to
detect less than 1 pg. progesterone; when 5, 10 or 15 pg.
progesterone were added to a 250 ml. sample of ox plasma,
the recovery rate was of the order of 50 per cent, and there
was evidence that the losses occurred mainly during the elution
of the chromatogram with absolute ethanol, rather than dur-
ing the initial ether extraction.

The two maimn critenna used for the identification of all
« : B-unsaturated ketosteroids consisted of the Ry value and
the ultraviolet spectrum. However, as 1t 1s known that there
are at least two other steroids which could be confused with
progesterone 1f these two eritetia alone were applied—namely
the “unknown” compound reported by Hagopian and co-
workers (1956) in human placental perfusates, and A”-
dehydroprogesterone (pregn-4 : 11diene-8 : 20dione) (Zander
and Simmer, 1854}, it 15 desirable to check the 1dentification
of the steroids when enough material becomes available by
such additional procedures as the infrared spectrum.,
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excretion of pregnanediol in the maternal urine continues
ungltered if the foetus is removed and the placenta left in situ,
and in addition he has been able to isolate progesterone from
o chorion-cpithelioma, Although progesterone has been iso-
lated from human foetal fluids (Zander and von Munstermann,
1956), it would appear that the foetus is incapable of convert-
ing it to pregnanediol, since pregnanediol has never been
detected in the urine of the newborn child (Zander, 1956).

Since the evidence for progesterone production in the pla-
centas of domestic anmmals was sparse and inconelusive, &
study was made of the steroids in the placentas of the mare,
cow, sheep, goat, and pig (Short, 1956). Progesterone and
208-hydroxypregn-4en-8one were readily detected in the mare
placenta (Short, 1957), although there was considerably less
progesterone than 1n the human placenta. However, in all
the other species mentioned, progesterone was not detected.
In view of the fact that the corpora lutea are not essential
throughout the whole length of pregnancy in the mare,
cow and ewe, it seemed important to establish whether
progesterone was in fact the hormone responsible for the
maintenance of pregnancy in such animals, This necessitated
the determnation of blood progesterone levels in these
species.

The method described by Zander and Simmer (1954) was
first tried, but difficulties were st once encountered when large
volumes of plasma were extracted. The volumes of solvent
became inconvemently large, and the final extract was SO
contaminated with fat and pigments that it was completely
unsuitable for paper chromatography. A technique was
therefore devised which overcame these difficulties. It was
found that 1f approximately 0-45 per cent (w/v) NaOH was
added to the plasma, no emulsions were formed on subsequent
extraction with an equal volume of ether, Durng this ether
extraction, nearly all the fat and pigments remained in the
plasma layer, whilst the steroids passed into the ether. In thlls
onner, volumes of plasma ranging from 14 ml. to 800 mlL
could be extracted without any difficulty; human plasma was
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the production of progesterone, which passes into the foctal
blood and maintains the pregnancy. Presumably, sufficient
hormone can diffuse across the placental barrier to exert a
direct progestational effect on the endometrium, without a
significant amount of the hormone ever appearing in the
maternal blood stream. This apparent foetal autonomy raises
2 number of interesting powmts concerning the mechamisms
underlying parturition or abortion in the mare. As Mayer and
Klein (1955) expressed it, ** Tout se passe comme s1, au moment
de l'ovo-implantation, ¢installait un mouvement d’horlogerie
qui dure un temps donné, celw de la vie propre du placenta.”
One is also led to speculate why such hugh levels of pregnane-
diol are excreted 1n the urine of pregnant mares, although no
work has ever been done to compare the levels found n
preg and non-p s, It 1s hoped to undertake
a study of the pregnanedml content of mare allantoic flmd;
if the foetal placenta can produce the 208-hydroxy metabolite
of progesterone, perhaps 1t can also produce pregnanediol.

The Cow

Adler, De Fremery and Tausk (1934) were the first to
demonstrate progestational activity m cow placental extracts,
and subsequently Ehrhardt and Hardt (1937) managed to
confirm this finding, but only mn one out of three placentas
that they assayed. McDonald, McNutt and Nichols (1953)
demonstrated that the corpus luteum in the cow could be
removed after about 200 days’ gestation without interrupting
the pregnancy n the majority of ammals, but they en-
countered some ndividual varations.

From these results 1t would have seemed logical to expect
that the cow placenta was capable of produeing progesterone
during the later stages of pregnancy. It was therefore surpris-
ing to find that no progesterone could be detected chromato-
graphically m kilogram quantities of cow placenta obtamed
late 1n pregnancy or at parturition. In order to secure more
definite information on this point, blood from the uterine vein
of a 224-day pregnant cow was assayed for progesterone,
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The Mare

In the pregnant mare, the corpus Iuteum of ovulation lasts
for about 85 days, and at the cnd of this time a second crop of
corpora lutea is formed in the ovaries. These secondary
corpora lutea subsequently regress, so that at about 200 days
of gestation the maternal ovaries consist solely of fibrous
tissue, with only a few small follicles present. Ovariectomy
may safely be performed at this stage without interfering with
the pregnancy (Asdell, 1946). The mare placenta was found to
contain progesterone as early as 120 days of gestation, in a
concentration of 73 ug./kg. tissue. At 270 days about 250 pg.
progesterone/kg. tissue were present, together with a smaller
amount of the biologically active progesterone metabolte,
208-hydroxypregn-den-gone. It has not been possible, how-
ever, to detect any progesterone in 1 1. amniotic or allantoic
fluid from a 200-day pregnant mare. The fibrotic maternal
ovaries from the same ammal contained only about 3 pg.
progesterone, whereas mare corpora lutea were found to bea
rich source of progesterone, a level of 46 mg./kg. luteal tissue
having been found 1n a normal cyelical corpus luteum.

In view of the occurrence of progesterone in the mare pla-
centa, 1t was somewhat surprising to find that no progesterone
could be detected in the perrpheral blood of pregnant mares.
The analysis of 410 ml, plasma obtained from the uterine vemn
blood of a 258-day pregnant mare failed to reveal any pro-
gesterone, neither was it possible to detect any of the hormone
in 500 ml, plasma samples from the jugular vein and brachial
artery of the same ammal. However, since the mare placents
is epithclio-chorial 1n nature, it may be that the p]ncenhﬂ
barrier is comparatively impermeable to the placental
steroids; it is certainly known to be impermeable to the
maternal y-globulms. The analysis of hypertrophied foetal
gonads has shown them to be devoid of progesterone, in spite
of the morphological similarity which exists between them
and normal Juteal tissue. This could be taken, perhaps,. as an
indication that, duning the late ‘Stages of Pregmmcy. in tfhe
mare, it is the foetal placental tissue that is responsible for
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did not contain a corpus luteum; this has recently been
confirmed by Raeside and Turner {1955} in the goat.

Further work is in progress with a view to obtaining a more
exact knowledge of progesterone levels throughout the repro-
ductive cycle of the cow, and it is hoped to investigate the
h \| hanisms for the mai of pregnancy m
this species in the absence of the corpus luteum.

The Sheep

Ehrhardt ond Hardt (1887), studying the progestational
activity of sheep placental extracts by bioassay, obtained
negative results, But it is known that ovariectomy in the ewe
may be performed as early as the fiftieth day of pregnancy
without inducing an abortion (Denamur and Martinet, 1955);
there is also definite morphological evidence of involution of
the corpora lutea by the 126th day of gestation (Grant, 1934).

Using the Haoker-Forbes bi techni Neher and
Zarrow {1954) investigated the concentration of **progestin™
in the peripheral blood of pregnant ewes. They found (1) that
the levels tended torise during pregnancy, and (2) ovariectomy
performed as early as the sixty-sixth day had no effect on the
concentration of “progestin” in the blood. They therefore
concluded that the placenta must be the major source of
*“progestin™ during the second half of pregnancy in the sheep.
Their bioassay results indicated a level of 0-3-2 pg. “pro-
gestin”/ml. blood at oestrus, rising to 6 pg./fml. in the luteal
phasc ™ Sl oo ..
at 6+
rising '
parturition.

Edgar (19535) mn his experiments was unable to detect
progesterone in the peripheral blood of pregnant or non-
pregnant sheep, using a chromatographic technique which had
a sensitivity of 0-1 pg./ml. Moreover, he did not find any
progesterone 1n the blood withdrawn from the uterine vein
of a 80-day pregnant ewe, However, he was able to find 2 rE.
progesterone/ml, in the ovarian vein blood of a 98-day
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However, using the technique described by Zander and
Simmer (1954), no progesterone was detected in a 80 ml
sample of plasma obtained from this cow. Two attempts to
demonstrate the presence of progesterone in oestrogen-free
extracts of full-term cow placentas, using the rabbit bioassay,
met with negative results,

Further experiments were carried out, with the aid of the
chemical assay technique described above, in order to deter-
mine the levels of progesterone in blood taken from the jugular
vein of cattle at various stages of the reproductive cycle.

Table I

'TIiE: CONCENTRATION OF PROGLSTERONT IN THE PLASMA OF COWS
Results are expressed m pig. progesterone/100 ml. plasma. Recovery rate 50

per cent.

Sl Breea Stage of Cyele yo Do .
1 Guernsey | 72 hr. before ovulation 500 | not detectable
2 Guernsey 24 hr before ovulation 500 0 20
3 | Guernsey | 0:5hr. after ovulation 500 | not detectable
4 | Guernsey | 12 days after ovulation | 621 019
5 | Guernsey | 14 days after ovulation | 500 | not detectable
6 | Guernsey | 4 5months pregnant 500 024
7 | Guernsey | 4-5months pregnant 500 0-28
8 Ayrshire 8 5 months pregnant 500 4
9 Friestan 9 months pregnant 500 nLembleJ

Although the number of animals investigated is small, 1t is
obvious from the results given in Table I that in certain
instances progesterone can be demonstrated in cattle blood.
But it appears that there are no marked differences between
the levels found in pregnant and non-pregnant animals; this
indicates that the placenta was probably not contributing a
significant amount of progesterone to the maternal cirenlation
during pregnancy. The presence of progesterone in the .blood
of an animal the day pr eceeding ?V“l&tion js interesting in the
light of Edgar’s (1953b) findings in the ewe, where he was able

to detect progesterone in the blood draining an ovary that
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chromatograms. This appeared to be an « : B-unsaturated
ketone because its ultraviolet absorption spectrum had a
maximum at 240 my. and its Ry value was identical with
that of 20x-hydroxypregn-4en-8one(20x-hydroxypregnenone),
This latter substance, which is a progesterone metabolite, had
previously been reported in human blood and tissues (Forbes
and Zander, 1956), as well as in the tissues of eviscerated,
adrenalectomized rats treated with progesterone (Wiest,
1956), 20x-Hydroxypr is of iderable interest
because 1t possesses a high degree of biological activity in the
Hooker-Forbes test, and its presence in the peripheral blood
might help to explain the gap between the high levels of blood
‘“progestin® reported by Ncher and Zarrow, and the low
levels of blood progesterone found by Edgar. In this con-
nection it is also interesting to note that in the rat at any rate,
the €y, carbonyl group of progesterone can be reduced in the
peripheral tissues, thus giving nise to this other biologically
active “progestin”,

The results obtained from the chemical experiment des-
eribed above are summarized 1n Table IL. As can be seen

Table IT
THE cox oF

IN THE PLASMA OF PEEGNANT EWES
Results are expressed i g sterond/100 ml. plasma. Recovery rate 50 per cent

1EN-3

Treatment and | Vol of 20u-hydrozy-
Buwel  Breed | fmeof utopsy | plasma B "’/g"’""'," pregn-ien-2ane
0. (days pregnant) | ml | 48 /100 ml g 100
1 Welsh Ovartectomized 630 023 0 31
Mountam | Killed day 100
2 Welsh Ovariectomized 570 0 39 039
Mountain | Killed day 98
3 | Crossbred | Unoperated 500 035 070
Klled day 89
4 Welsh Unoperated 500 033 0-44
Mountawn | Killed day 89
5 Border Unoperated 500 0 30 0:38
Lewcester | Kulled day 96
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pregnant ammal, which presumably indicated that at this
stage the corpus luteum was still actively secreting the
hormone. A 8+-5 month pregnant ewe also contained appreci-
able quantities of progesterone in the blood draining the
ovaries, one of which contained only Graafian follicles.

‘Thus there would appear to be a marked discrepancy in the
peripheral blood values as estabhshed by biological and chemi-
cal mssays. With reference to this, Neher and Zarrow (1954)
point out that there may well be another progestational
hormone having an even greater hiological activity than
progesterone 1tself.

The present study mcluded a senes of experiments designed
to test the possibility that progesterone may be produced by
the sheep placenta. Several kilogram batches of placental
tissue were extracted, and the purified extracts examined

h tographuically for the p of the hormaene. In no
mstance could any progesterone be detected, nor was it pos-
sible to obtain a positive bioassay response i & rabbit injected
with an oestrogen-frec extract of sheep placenta. In order
to investigate this problem further, six ewes were mated
and 50 days later thew peripheral blood was examaned for
the presence of progesterone. Although the analyses were
performed on the plasma from about 700 ml. blood, t!lis
amount. appeared to be nsuffictent for the accurate determin-
ation of the progesterone concentration. At about the sixtieth
day of gestation, the ewes were assigned at random to two
expenmental groups; one group was ovarsectomized, and the
other served as a control. In no case was pregnancy affected
by the ovenectomy. Allsix ammals were slaughtered at about
the hundredth day of gestation, and from each, 500-650 ml
plasma were collected for progesterone assay. Unfortunately,
the sample from one animal was lost, but on chromatography,
progesterone was detected m each of the other five plasma
extracts. This proved (1) that progesterone was z}ctuaﬂy
present in the peripheral blood o}‘ sheep, and (2) that it coutld
he pmduced by an extra-ovarian source. In nddx;lcn s{;
propesterone, another maore polar sterond was detected on
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It is obviously not possible to refute Forbes’s claims on such
scanty experimental evidence. However, from the ovari-
ectomy results alone it would appear that in the goat there is
no significant extra-ovarian source of progesterone.

The Pig

There are no reports i the literature of the effects of ovari-
ectomy on the course of pregnancy in the pig, but Duyvené
de Wit (1938), using the hitterling ovipositor test, claims to
have detected 20 pg. progesterone in 203 g. pig placental
tissue. This he regards as an indication that the organ
functions more as a store than as a produecer of the hormone.
He also claims (1941) to have detected progesterone in the
blood of a sow at a level of 40 pg./l.

As a part of the present study, kilogram quantities of pig
placentas obtained by Caesarean sectmn were extmcted ona
number of and ! y for
the presence of progesterone; in no case was 1t posslble to
detect the hormonein these extracts. A few assays were carned
out on the blood progesterone levels of pigs, and the results

‘Table III
THE CONCENTRATION OF PROGESTERONE IN THE PLASMA OF BOWS

Results are expressed 1 pg progesterone/100 ml. plasma. Recovery rate 50
per cent.

Pig Vol. of plasma Progesterone
No. Stage of Cycle . 18 /100 ml.
1 luteal 500 083
2 90 days pregnant 500 0-3¢
3 4 days postpartum 500 not detectable

are summarized in Table II1, It 1s interesting to note that the
concentration found in the pig during the luteal phase was
higher than that found in the pregnant animal.
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from that Table, ovariectomy has little effect on the levels of
progesterone or 20x-hydroxypregnenone in the blood, It
would therefore appear that the extra-ovarian source of
progesterone is able to compensate fully for the removal of
the ovarnies. The evidence presented here indicates that in the
ewe the placenta probably contributes little if any proges-
terone to the eirculation duning preg y.

The Goat

Ehrhardt and Hardt (2987) obtamed inconclusive results
from the bioassay of extracts prepared from large quantities
of goat placentas, and Mettes and co-workers (1051) confirmed
previous observations that the corpora luten are indispensable
throughout gestation for the maintensnce of pregnancy.
Raeside and Turner (1955) detected high concentrations of
progesterone in the blood from the ovanan veins of a goat in
late preghancy, regardless of the presence or absence of a
corpus luteum. However, they could not detect any pro-
gesterone in the uterme vem blood of the pregnant goat. It
therefore seemed unlikely that the goat placenta was capable
of producing any progesterone. Forbes (1955}, using the
Hooker-Forbes bioassay technique, detected “progestin® in
the umbilical cord blood of goat foctuses during the last
month of pregnaney. In three out of five goat foetuses exam-
ined, Forbes found the levels of “progestin” to be higherin
the umbilical artery than m the umbilical vein, and he cites
this as evidence that the foetus may produce progesterone
which is subsequently removed by the placenta.

In the present study, it has only been possible to examine
a very hmited amount of goat material, but it is hoped to
undertake & more extensive study in the near future. In an
extract prepared from 1-2 kg. full-term goat placentas, no
progesterone Was detectable chromatographically. However,
in 500 mi arterial plasma obtained from a 16-week pregnant
animal, 071 g, progesterone/160 ml, plasmn was detected.
A 12 ml, plasma sample taken from the foetuses of the same
animal failed to reveal any progesterone.
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Savard-Tshould Iike to complument Mr Short on the very lovely study
that be has done; T should also Iike to recount a few pomts of o rather

was administered mtravenously over a 3-day period,
e Ansler + meman twren antlantad nnd fanns Anield 4 oo ar 1w

e NRYRN X




874 R. V. SHort

Summary and Conclusions

It is apparent that wide species differences exist in the hor-
monal mechanisms responsible for the maintenance of preg-
naney. The high progesterone output of the placenta, as seen
in the human, 1s not observed in any of the domestic animals
considered here. In fact, the mare is the only other amimal in
which progesterone could be 1dentified in placental tissue.

In the ewe, the maintenance of pregnancy after ovariectomy
appears to depend on an extra-ovarian source of progesterone
other than the placenta.

The biologically active progesterone metabolites found in
the blood of some species probably make an important contri-
bution to the overall progestational state of the animal. The
continuing discrepancy between the biologieal determinations
of blood “progestin® and the chemical determinations of
blood progesterone indicates that other as yet unidentified
progestins may oceur 1n the blood.
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Short: T don’t know anything about that. There 1s some slight evi-
dence that progesterone may be bound. If you add it te plasma and do
QRO A0S e iy oy R R
PP '

to 60 per cent. **~
the chromatogr . . . '
plasma, and m b

elution from th . '
L

related to p particularly preg-
nanedol of the 208 type, and also an unidentified o : f-unsaturated
ketone which Dr. Forbes later found to possess some progestational
activity. on ive aspects of pro-
duction and metabolism 13 also available from urnary studies For
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qtivll’y., Interestingly enough, the cholesterol
e SR N T ST

.

in the placenta. In our studies on the mare unne, we were able to iso-
OSSR A M

I suppose.

Borth: 1 can confirm that,

Bush: Mr, Short, 13 your extraction with ether done at room tem-
perature?

Short: Yes, and I do 1t once with an equal volume and twice with half
the volume of ether,

Bush: I presume that this addition of sodium hydroxide 1s preventing
the usual very high lipid content that you would expect to get in such
extracts. _

a3 Tan 2 ool e CVies $ha sHenacity 0f




CATECHOL HORMONES IN BLOOD

U. S. vox EuLer
Department of Phystology, Faculty of Medieine, Stockholm

TuE wide variations of the figures for adrenaline and nor-
adrenaline concentrations in peripheral plasma indicate that
the different methods employed do not give comparable results.
‘While the measurement of the normal concentrations m the
peripheral blood ers great hodological d
the conditions are more favourable for the estimation of cate-
chol hormones 1n the suprarenal venous bloed and in the blood
of patients with catechol amine-producing tumours.

Suprarenal venous blood

Generally the catechol hormones oceur in sufficiently high
concentrations in the suprarenal venous blood to allow direct
estimation by biological methods. During resting conditions
the catechol amine level 1s low. It is, however, difficult to
ascertain what should be regarded as the true basie level,
In unanaesthetized animals several factors may enter which
tend to mecrease the secretion from the gland. Even shght
pain, 1mmobilization, and other conditions, which induce
mental or physical stress, are condueive to increased output
of hormones from the gland. These factors seem to have been
largely avorded by Satake, Sugawara, and Watanabe (1927)
who collected blood samples from the suprarenal vein in the
unanaesthetized, unrestricted dog after previous deafferenta-
tion of the operation field. They found a concentration of
adrenaline equivalents of about 0-05-0-1 pg./ml. during rest,
Part of this was presumably noradrenaline.

The surgical trauma 1n anaesthetized animals from which
suprarenal venous blood 1s collected probably induces
hypersecretion 1 most cases. Dunér (1953) found, in cats

870
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same Ry value 85 progesterone in this system, namely, one that was
reported recently from the Worcester Foundation by Dr. Pincus and
eo-workers, which they from human pl 1 pech m
fact 1t 15 progesterone, then is there some mechamsm which makes the
adrenal take over progesterane production 1. the absence of the ovaries?

From 195 rol. sdeennl vein plasms, taken at the 53th day of preg-
naney, the concentration of tins substance was about 5 pg. per cent

plesma and at about 95 days of pregnancy st had gone up ta about 7+5
ug per cont. At this stage, the periph blood level of s
about 8+3 pg. per cent, 56 although the adrenai vein concentration i 20
tunes that of the peripheral blood level, st 1s stslt obviously not enough
to account for the entire amonnt of errculating horaane.

Parkes, Are you gz that the duct ef p is
peculiar Lo pregnancy ¥

Short: That we don't know. We have not had s chance to try the
nron-pregnant angnal

Parkes VWhen we obtained progesterone from pdrenal extract waste
products, as they weze then, 1 should say that very few of these animals
were prognant.

Short: 1 think one has got to make & distinction between the content
of progesterone within an adrenal, and the adrenal production of pro-
gesterone I don't think the two would necessarly go hand i glove

Savard. Mr. Short, have you any values on the duly unmary output
of what mught be d as hol in these
other species? I have been partiewtarly wmpressed with what we hine
encountered i the pregrnant mare, where there seem to be great quan-
tities of these substances 1 the unne, and with the very low Jevels
airculating w the blood, one wondets just what the reason mught be.

Short, In the mare 1 find sbout 250 pg progesterone per kg. placenta,
and & mare placents weighs several kg, As regards levels in the urine of
other species, as Pr. Pearlman bas mentioned, Dr Klyne has deftntely
established that there is no pregnanediol in cow wnne, It has been
datected i goat urine, but as far as I aw aware, no systemata study
has been done in pregnant and non-pregnant goats. Nesther has any-
body studied the dio Jevels in versus pregnant
mares. .

‘Savard: Dr. Kiyne has faded to find the pregn-8s : 20x-diol whieh
would be the one encountered n human unne, I consider that withn
the error of our radicactive studies, this 1s quite absent from the preg-
nant rare, other a are present.

Short: T don't know which ones Dr. Klyne looked for 1n the cow, but
1 know that Dr, Turner has had some evidence to indicate that the coss
probably excretes progesterone s an androgen m the faeces. I he gave

doses of Prog he a1 inerease m the amount
of androgent in the faeces, and I think Dz, Pearlman's finding of proges-
terone metabolites in the bule ties in with that story.
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Peripheral blood

The constant finding of adrenaline and noradrenaline in
urine indicates that the peripheral blood contains these
hormones, even though the concentration 15 mostly so low as
to present serious obstacles to their estimation. It can be
assumed that the concentration level depends partly on the
contribution from the suprarenals, which may be approxi-
mately caleulated from the hormone level and the flow of the
suprarenal venous blood. In the cat 1t scems permissible to
use an approximate dilution factor of the order of 100; that
is, a flow of 2 ml blood from both suprarenals per minute
corresponds to a total minute volume of 200 ml. When
caleulated on this basis and taking the “resting” hormone
concentration as less than 0-1 pg. noradrenaline and 0-03 ug.
adrenaline per ml. suprarenal plasma, the level in the peri-
pheral arterial plasma would be less than I ug. noradrenaline
and 0-8 pg. adrenaline per 1. The figures are evidently only
very approximate since they involve certain assumptions and
may easily vary according to the secretory activity of the
suprarenals. The possibility of a decrease in concentration
during the passage through the lungs should also be con-
sidered. In this connection it should be emphasized that
almost all of the adrenaline originates from the suprarenals,
as concluded from observations of the adrenaline output in
urine before and after adrenalectomy in man (Euler, Franks-
son and Hellstrém, 1954) and in the dog (Diaz, de la Barreda
and Aleala, 1935).

A question which requires consideration is whether the
constant inflow of adrenaline from the suprarenal blood
causes a building-up of a higher adrenaline level than that
corresponding to simple dilution. This is obviously the case
if not all of the adrenalme is removed from the blood during
one passage through the body, which can hardly be the case.
On the other hand, there 1s no evidence that the resulting
level is considerably higher than that caleulated from the
inflow, This conclusion is supported by the observation that
adrenahine injected into the blood stream rapidly disappears.
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subjected to light nembutal anacsthesia, about 0:10 pg.
noradrenaline per ml. suprarenal plasma and about 0-03
pg./ml, adrenaline. Similar figures have been obtained by a
number of workers {(Table I),

Table 1

ADRENALINE AND NORADRFNALINE CONCENTRATION IN
SUPRARENAL VENOUS PLASMA

. Adrenaline | Noradrenaline
Anfmal s Author

Cat {chloralose) 015 033 Tloltz et al. (1952)

Cat (anaesth.) 0 093 0 0861 Mirkun and Bonnycastle
(1934)

Cat (chloralose) G 037 018 Folkow and Euler (1954)

Dog (unanaesth,) | 0 050 1 — Satake (1958)

Dog (anaesth ) <0 01 <0 02 Lund (1951)

Rabbit (anaesth) | 0 10 0 021 Mirkin and Bonnyeastle
{1951)

Cat {rucotine) 48 56 Folkow and Euler (1934)

The concentration of catechol hormones in suprarenal
blood can be raised by various means, such as direct or
reflex splanchnic stimulation, and by various drugs with
nicotine-like action, and by histamine. The catechol amine
levels may then reach figures as high as 5 pg./ml. suprarenal
plasma. .

For the differential biological estimation of adrenaline and
noradrenaline in suprarenal blood or plasma, direct assay on
the cat’s blood pressure and the chicken rectal caccum ts
satisfactory. The figures for adrenaline and noradrenaline
can then be computed (Euler, 1949). »

Summarizing, it can be stated that dunng conditions
rest as closely as possible the catechol hormon.c
n in suprarenal venous blood is low, although it is
ble by direct L .

approaching
concentratio
nearly always
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during rest are available, some conditions are known 1 which
the level is sufficiently increased so as to allow fairly aceurate
estimations.

In cases of phaeochromocytoma Lund has been able to
measure the catechol hormone content of human venous
plasma, The figures ranged between 10 and 100 pg./L
estimated by Lund’s fluonimetric method (1952). Holzbauer
and Vogt (1954) in o careful study found measurable quanti-
ties of adrenaline in venous human and canine blood after
injections of insulin. The range found was 0 25 to 6-4 pg./L
in dog plasma, while the control level invariably was below
0-25 g /. in the dog and less than 0:06 pg./l. 1n man, The
noradrenaline content of plasma was below 1 pg./l. which
represents the threshold of the biological method used. Since
the recovery of added amines was satisfactory 1t was felt that
the figures observed are significant.

In a case of phaeochromocytoma studied by Euler, Gemzell,
Strom and Westman (1955}, blood samples were collected by
catheterization of the vena cava and the plasma content
estimated directly by biological methods. Figures ranging
between 0-02 and 0-1 pg./ml. plasma were obtained, depend-
mg on the level at which the sample was drawn.

i g a sinmlar rel; hip between the excretion of
adrcnalme in urne and the catechol hormone level in peri-
pheral venous plasma as in cases of phaeochromoeytoma
{Euler et al., 1953) and msulin hypoglycaema (Euler and Luft,
1952), the resting level in plasma would be less than 1 pg./l.

Catechol hormones in effluent during stimulation of
nerves to organs

Stimulation of the adrenergic nerves to an organ causes a
release of the adrenergic nerve transmitter which 1s partly
utilized and partly appears in the effluent blood. Direct
estimations of the catechol amunes in effluent blood have been
made by Peart (1949), Outschoorn and Vogt (1952), Mann and
West (1950), Mirkin and Bonnycastle (1954), Brown and
Gillespie (1956) and others. In all cases noradrenaline was
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The situation as regards the noradrenaline is more complex
since 1t enters the blood stream both from the suprarenals
and from the adrenergic nerve endings. Certain indirect
information may again be derived from the observations on
the catechol hormone excretion in urine in adrenalectomized
patients. While the adrenaline excretion drops sharply after
adrenalectomy, the noradrenaline is only little affected.
Moreover, the noradrenaline excretion is normally higher
than that of adrenaline both in the cat and dog and in man,
although the suprarenal gland contains more adrenaline.
It must be assumed then that most of the noradrenaline
present in arterial blood is derived from the adrenergic nerve
endings and carried by the venous blood. Some observations
of Weil-Malherbe and Bone (1954) may be taken as support
for this contention, Also for noradrenaline the rate of removal
is probably such as to maintain the arterial blood level slightly
Tagher than that corresponding to the inflow.

In the venous blood one may find widely varying noradren-
aline figures depending on (1) the arterial blood level, (2) the
rate of removal, chiefly in the capillary system, and (3) the
release from adrenergic nerve fibres in the contributory area.
Clearly the last-mentioned factor 15 of considerable import-
ance for the sigmficance of the values found by direct estima-
tion. If venous blood is collected from an arm vein, the
noradrenaline output may be very different from that obtained
in blood from the liver, jugular or renal veins.

Noradrenaline figures in peripheral venous blood should
for this reason be referred to the regions from which they are
denved and should not be regarded as representative for the
whole body.

n his study of the catechol hormones in peripheral human
and bavine blood plasma Lund (1951) found that the level as
a rule did not attain 1 yg./l.

Using column chromatographic separation of the eatechol
hormones of beef peripheral plasma Euler and Floding (1957)

found values below 1-2 g/l While few reliable assays of the
catechol hormone content of the peripheral venous blood
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aline per 1. plasma. A large number of papers have since
been published in which this method or modifications thereof
have been used. Similar figures to those found by Weil-
Matherbe and Bone have been reported. In the search for the
cause of the discrepancy between this method and the
trihydroxyindole method 1t was noted that relatively large
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amounts of 3 : 4-dihydroxyphenylacetic acid (dopac) nor-
mally occur in urine (Euler, Euler and Floding, 1955). Its
appearance In urine suggested that it was also present in
blood, and presumably n far higher concentrations than the
catechol armines. Column chr tography of beef peripheral
plasma after adsorption on alummmum oxide and elution
showed the presence of dopae, while neither dopamine nor
catechol amines could be demonstrated under the prevailing
conditions (Figs. 1 and 2). Dopac is thus the quantitatively
most important catechol compound in plasma, as it is in
Dro0p—13
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found in concentrations of 0°01-0-1 pg./ml., while adrenaline,
if present at all, occurred in smaller amounts. These results
suggest that the contribution of adrenaline to the venous blood
from sources outside the suprarenal medulla is small and
inconstant, as is also borne out by the results from assays of
the urinary output after adrenalectomy 1 man,

Comparison of assay methods

While direct biological estimation of the eatechol hormone
content in blood or plasma may give reproducible and reason-
ably accurate figures, this method is only applicable in excep-
tional cases and cannot be used as a standard method.

Biological estimation may be used after purification and
paper chromatographie separation, & method, however, which
is time-consuming and difficult. It has been used successfully
by Holzbauer and Vogt (1954).

The chemical methods which have been most widely used
are based on fluorimetrie estimation of either the trihydroxy-
indole (THI) derivatives or the condensation products of
catechol hormones with ethylene diamine (EDA).

The trihydroxyindole method was first applied to catechol
hormones in plasma by Lund (1951) who obtained satisfactory
results with plasma from cases of phaeochromocytomas, after
injections of catechol hormones, and in peripheral blood
from exsanguinated animals after adsorption of the eatechol
amines on aluminjum oxide and subsequent elution. In
normal beef or human plasma measurable quantities were only
found occasionally, indicating that the normal content was
below the threshold of the method, or about 1 yg./l. (adren-
aline) and 2pg-/1. (noradrenaline). .

By condensation of eatechol and catechol derivatives with
ethylene ine, strongly fl t compounds are formed
as shown by Natelson, Lugovoy anvamcus (1949). Weil-
Malherbe and Bone (1952) appled this principle to plasma
after pmiﬁcation on aluminium oxide. The ﬁgures fuu‘nd

higher than those obtained with the trihydroxyin-

rather ,
g;zetechnique: about 1-2 pg. adrenaline and 4--5 pg. noradren-
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‘Table 11
3 : 4.-DIKYNROXYPUENYLACETIC  ACIO (DOPAC} AND NORADRENALINE 4
ADRENALINE IN DEEF PLASMA (SERUM IN NO. 4) CALCULATED FROM FLUOR-
ESCENCE VALUES IN ©OF COLUMN
(ETIYLENE DIAMINE METROD)

Sample Dopac Noradrenaline + adrenalne
~No. kgl el
15-5 <2

2 72 2

3 23 2

4 89 <1

[ 196 <2

Mean 121

The catechol figures in heef plasma, after adsorption on
)} oxide and sul elution, obtained with the
trihydroxyindole and the ethylene diamine methods are
shown in Table IIT.

Table IIE

FLUORDIETRIC LSTIMATION OF CATECHOLS IN iG./L BEEF PLASMA COLLECTED
URING EXSANGUIN ATION

Noradrenalne equivalents
Dopac equialents

Trhydroxyndole |  Ethylene dusmne (eshylene diamine method)
10 16 8.4
12 14 73
28 8 4 44
26 17 6 92
44 188 98
10 188 98
36 09 10-4
40 23 12
36 22 1 35
30 18 2 935
13 24 125

Mean = 8 1 Mean = 18-3 Mean = 9 5
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urine, Since, on the other band, dopae like other catechol
substances gives a fluorescent condensation product with
ethylene diamine, the ethylene diamine method eannot be
regarded as specific for catechol hormones.

The ts of dopac caleulated from the fluorescence of
the corresponding fractions in five plasma samples subjected
to column chromatography sre shown in Table IL

The condensation with ethylene diamine was earried out

FLUORESCENCE UNITS E.D.A.

2

25

Fre.2. Asm Fig I Another beef plasma sample, to
which dopamine had been added befare adsorption.

with aliquots (0-05-0-3 ml.) of the column fractions contain-
ing 8 parts n-butanol saturated with 0-1n-IICI+ 1 part
105 acetic acid. To the sample was added 0-7 ml, ethylene
diamine 4+ 05 ml. 23 ethylene diamine hydrochlonde and
water to 10 ml. After incubation for 20 mmutes at 50° the
fluorescence was read using a primary filter with maximum
transmission at 436 my. and a secondary yellow-green filter
with transmission limit about 500 mp. The formation of
fluorescent compounds With ethylene diamine has recently
been studied by Burn and Field (1956).
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adrenaline and take up added adrenaline in proportion to
their ATP-content, but not noradrenaline. The amounts of
adrenaline found in pig’s platelets were 5-8 4 0-88 myg./108

Table IV

ADRENALINE AND NORADRENALING CONCENTRATIONS IN TUMAN PLRIPHERAL

PLASMA OR SFRUD ESTIMATED BY THE TRISYDROXYINDOLE METHOD (THI) AND
THE ETHYLENE. DIAMINE METHOD (EDA)

drenaline | N alin
Methoa | 4 e M“:':/? line Author

Rat uterus | <0 06 <10 Holzbaver and Vogt (1054)

THI r<1 <1135 Lund (1951)

THI 0 00 020 Valk and Price (1956)

EDA 0 083 18 Valk and Price (1956}

EDA 014 40 Manger et al. (1954)

EDA 04 21 Aronow ef al. (1956)

EDA 12 53 Weil-Malherbe and Bone

{1953}

platelets or, assuming a platelet count of 400,000 per mm.?
(Hikmet, 1927) 4 X 1011 per 1. The adrenaline amount may then
be calculated as 23-2 pg./1. blood.

Summary

The fluorimetric method based on the formation of tr-
hydroxyindoles may be used for the estimation of eatechol
hormones mn blood plasma. The fluorescent compounds
obtained by condensation of plasma catechols with ethylene
diamine include dihydroxyphenylacetic acid which 15 present
in high concentrations in plasma, rendering the method
unspecific.

The normal adrenaline level of peripheral venous human
plasma appears to be less than 0-1 pg./l. and that of noradren-
aline less than 05 ug /. Dumng mnsulin hypoglycaemia the
adrenaline level may be increased more than tenfold, and m
patients with catechol amine-producing tumours the nor-
adrensline level may be increased more than 100-fold.
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A fair agreement is noted between the dopac estimated after
chromatographic separation and the dopac equivalents
obtained by fluorimetric estimation using the ethylene
diamine method. On the other hand, there is a large dis-
erepancy between the noradrensline equivalents calculated
from the fluorescence observed with the two methods.

Valk and Price (1956) have recently drawn attention to
some shortcomings of the ethylene diamine condensation
method. As a result of their studies they conclude that the
ethylene diamme method 1s not specific for noradrenaline
and may not be so for adrenaline. They introduced two
modifications of the Weil-Malherbe method prompted by the
increased fluorescence of the adrenaline condensate in alumina
eluate and the rapid decay of fluor in noradrenal
condensates when excited by light of 436 mp.

It was further observed that omission of the fluoride-
thiosulphate preservative did not alter the recovery of
adrenalne, reduced that of noradrenaline by less than 20 per
cent but diminished that of dopac by more than 50 per cent.

A comparison of the trihydroxyindole and ethylene diamine
methods when applied to dog’s arteral plasma showed good
agreement between the adrenaline levels (about 1-8 ug. /L)
while the noradrenalme concentration estimated by the
trihydroxyindole method was only about 80 per cent of that
obtained with the ethylene diamine method, (0-29 and 0-85
pg.fl. respectively). The figures found by Lund (1951} in serum
from exsanguinated dogs were 0:0-78 pg./l. adrenalme and
6+8-17 -2 pg./l. noradrenaline.

In human venous plasma Valk and Price found 0:00 -
0-005 (S.E.)ug. adrenaline per L and 0-20 4:0-097 pg.
noradrenaline using the trihydroxyindole method. Table IV
shows some figures of the catechol hormone concentration

obtained with different techniques.

According to Weil-Malherbe and Bone (1954) catecf'nol

. cortororere vt v yplk and Price
However, Born
« gtelets contain

wraen -
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adrenaline and take up added adrenaline in proportion to
their ATP-content, but not noradrenaline, The amounts of
adrenaline found n pig’s platelets were 5-8 4 088 myg.f102

Table 1V
AND NOR CONCENTRATIONS IN [UMAN PERIPHCRAL
PLASMA OR SERUM ESTIMATED DY THE TRINYDROXYINDOLE METHOD (Ti1) AND
TAL ETHALFNE DIAMINE MFTROD (EDA)

Method Adrenaline NWZ‘Z?M“M

wa.fl Author

Ratuterus | <0 06 <10 Holzbauer and Vogt (1954)
THL t<1 <115 Lund (1951)

THI 0 00 02 Vatk and Price (1950)
EDA 0 083 13 Valk and Price (1956)
EDA 014 10 Manger ef al. (1954)

EDA 04 21 Aronow et al (1956)

EDA 12 53

Weil-Malherbe and Bone
(1953)

platelets or, assuming a platelet count of 400,000 per mm.?
(Hhkmet, 1927) 4 X 1012 per 1. The adrenaline amount may then
be caleulated as 23-2 pg./1 blood.

Summary

The fluorimetric method based on the formation of tri-
hydroxyindoles may be used for the estimation of catechol
hormones 1n blood plasma. The fluorescent compounds
obtained by eondensation of plasma catechols with ethylene
diamine include dihydroxyphenylacetic acid which 15 present
in high concentrations in plasma, rendering the method
unspecific,

The normal adrenaline level of peripheral venous human
plasma appears to be less than 0-1 pg./l. and that of noradren-
aline less than 0-5 pg./l. During msulm hypoglycaemia the
adrenahine level may be increased more than tenfold, and
patients with catechol amine-producing tumours the nor-
adrenaline level may be increased more than 100-fold.
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DISCUSSION

Vogt: Prof. von Euler, are the of
line the same or not? Is, for instance, any evidence avallnble from ex-
periments 1 which a constant dose of adrenaline or noradrenaline was
infused over a period of time and the amount exereted m the urine
measured? The reason why I ask 1s that we believe that, at Jeast under

v07 Euler: X should say I almost feared that question, because I must
adnut that the clearance data are very scanty and I think I mentioned
that they are only meant to give a general dea. However, I quite agree
that it is necessary with the improved methods available really to work
out 1 detail the clearance figures, and also to find out whether they apply
at different concentration levels, which 1s also important

Harris: Prof, von Ealer, can you tell us what the present position is

(SN

¥ogf- 1 am afrmd I have no precise information to give, Quite some
tme ago I tried to estimate adrenaline and noradrenaline n_the blood
of denervated animals and there was a very small secretion In adrenal
vein blood of denennted smmals the ammmts were of the urder of
R el ko NG

ment would have to be done after mid-brain section; but 15 there any
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data that the catechol-amine content of the bload in, for example, the
great vein of Galen or the straight sinus 1s increased after diffuse
stimulation of the hypothalamus?

Vogt: 1 me the point of view of the sympathm in the brain 1 have

The total there, \vhich 15 stored

absolutely o Infory “ ? = P the
. . . rage

. . mu-

lation?

Vogt: You would exclude the adrenals by taking them uut"

Harris: 1 was thinking of an
any descendmv nfluence on the ndrenal medulla or sympathetm
sys

Vagt: Well, 1f you found high figures that would mean that you would
actually determune synthesis.

von Euler: We have an observation on a cat with one suprarenal
denervated; for some reason the cat died during the night and in the
morning we took out the suprarenals and analysed them, There was a
normal content m the denervated one while the other was almost
empty. So I think there must be a rather restricted secretion from the
denervated adrenal 1n such conditions.
Smger. You menuoned that the secretton 15 low § in Addison’s disease.

the 8-methoxy derivative of

smocytoma.
. would like to know what the
) itions, If I remember Born’s
telets suspended in completely
¢ adrenaline were tahing this

unphysSIologicauy et
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amine. Now, in the experiments with ox serum to which you referred
and in which you found these very low figures, you ought to have had
everything present which platelets could have released; does the result
not, at least for the ox, invalidate this view that the platelets contain
a lot of noradrenaline?

von Euler: I have had exactly the same thought as Dr Vogt, and I
think that when we were using serum in some of the experiments the
adrenahine should have been released and then v e should not have missed
1t. I also noticed that he used rather high concentrations of the amines
when showing that the platelets are able to take up amines. But on the
other hand, he demonstrated that pig platelets contan adrenaline
without any treatment.

V'ogl: But that was adrenaline and not noradrenaline.

von Euler: Only adrenaline,

Vegt. Yes, and that does not explam Werl-Malherbe's high results
for noradrenalune.

Diczfalusy- Prof. von Euler, if I und d correctly, in ad 1
tomized patients there is really no adrenaline demonstrated in the
unine, Would it be possible to admunister small amounts of adrenahine to
such patients and estimate the amount excreted? This might then give
us an answer to the ism of it Have such i
been carried out?

vort Euler: They have not been carried out but I think it should be
possible. It would certainly be interesting
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Morns: Dr. Parkes in his opening remarks sugpested we went
“Back to Blood™. I think it might be perhaps useful, at the end
of this week to look back to see if 1t is really worth while taking this
as a mam theme or not. I think it 15, and for several reasons. The
first Dr. Parkes himself gave in his opening address, that the hor-
monc In blood in whatever state 1t is mn, whatever concentration it
18 in, is 10 fact the active prineiple. I think Dr, Bush made the poin},

[ .
what 18 the mmimum concentration of any hormone which is neces-
sary to produce a biological effect, because the effect is usually
lirnited by some lr‘ate process,

petaabet A4 . PRGN

ErL T (N

Aswill be m later, from the physical stand-
quite o complex physical
e t 3 ions of the

because I think that this indicates quite clearly that the assay 1tself
is inadequat i

aint ths is quite wrong; st will require
picture of the response to thes
2 EREN “ .

‘ t

L h TNa T emn"maln wanar

ieme is that, m the case of the

he concentration of other hor-

tatic mechanisms., So it fs quite

. the case of the adrenal A,C}ZI

i Jy e Auiiy ntration, but to e

;‘,’gﬁ;ffﬁ;&gmy it is equally lmpo!t:ﬂ;‘t to kn;\g :}ie fron:s:nmh-
. tical hormones. There are these feed-back effects, an

tion of the corti o




GeNcran Discussion 395

in order to nssess the varables on one hormone very often 1t is
valuable to know the concentration of another. I think tlus has a
v o . . e h
1odine. That 15 only one example of & mechamsm for which we
cannot immediately see any rational cause, Another example was
provided by the work Dr, Randle talked about, the inhibition of the
response of the diaphragm to insulin by growth hormone and
17-hydroxycorticoids. Dr. Samuels has provided his evidence about
glle effect of the thyroid on corticoid production Dr. Szego gave a
iy h Y W . 5

trations we cannot use the kmd of calculation Dr Pearlman tatked
about, a type of calculation which 1s a very important contribution
to the study of the subject, because many of these numbers have at
present only mathematical reality, and we cannot as yet resolve
them into their components They are the first step i getting a sum
pool or mn effect what one might call a sum half-life, which later on
with additional information could be parcelled mto two or more
different components. This agamn illustrates very nicely the import-
ance of studtes 1n blood

There are one or two things which are against work with blood.
An important one was brought up by Prof, von Euler this morning.
It 1 that the rate of release—and I think that one must use the
word “release”, we do not know really much about the synthesis
of the hormone—from the cell m which 1t 1s forming may be quite
likely to change from moment to moment. So an assessment made
at one time 1s not necessanly vahd a short time afterwards. This 1s
the d ; when we measure, we can measure, the
same hormone 1n urine, we get what one might call an integrated
Tesult, integrated over a certain period of time, whereas the blood
value s really a differentral value In some ways the mtegrated value
is also a useful type of nformation, especially 1n those cases where
we may have rapid changes m rate of production and posstbly in
rate of utilization and destruction, and the blood level may be so
vanable as to be rather difficult to assess, I think that applies more
particularly to certain hormones than others

Another pomt 1s the practical difficulty of measuring hormones
n blood We have hLeard plenty to indicate how difficult this 1s;
about the types of inhibitors which can occur, etc. Generally one
has to deal with very much smaller quantities of material but that is
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not an insuperable difficulty today. Nevertheless the practical
difficulties are quite considerable compared to urine analyses, but
I think that these difficulties will disappear with improved tech-
niques and I do not think we need worry about that too much.

I have two more things to say. First, how are we going to mves-
figate these problems? Xt 1s becoming quite a habit i colloquia to
dismiss experimental methods and to say that the discussion should
be confined to results This of course1s nonsense. A conference
which dealt entirely with results without any reference as to how
they were obtaned would be as unreal as the one which devoted

M o T R P "

are 1n blood and how can we find out? It may perhaps be useful to
trace an 1maginary evolution of a method for the estimation of a
hormone. What happens m the first place is that somebody finds
some odd physwological result—t will often be quite bizarre—
which at the time 1s quite mexpheable, Then the chemist comes
along and says 1t woulg be quite nice to isolate the active principle.
He always has contempt for the broassay methods, but he learns
after the first three years that the bioassay methods are much more
vital than the teck for 150l ; the ct 1 1solatron 1§
easy relative to bioassay techmques. Then eventually a factor 1s
isolated and 1s ct 1zed and 1ts e 1on 15 blished
People then begin to look for very speaific properties n 1t and they

§ e B A

1igh

In

the papers here we heard a very mice example of this trend of using
a relatively non-speaific method and usmg a greater punfication
of the fractions which are applied. I think this 1s a very important
modern tendency. Instead of using a highly specific method on a
very 1mpure matenal, I think it 1s very much more rewarding to
purify the material and use, m the first mstance, a fairly speefic
thod, exther ck 1 or 1, and as one goes further on
and wants to know more to use a less specific methgd. So finally
one uses a quite non-specific method with characterization of the
material, which you are looking for by other means, histochemeal,
wromatographical, and so forth If you do not do thrs, then you miss
all the metabolites. I can give one sumple example from an experi-
ence m my own laboratory. Dr. Farmer has just found, for instance,
that corticotrophun in unne is partially 1n the oxidized biologically
inachive form which you can reduce to restore 1ts activity. About
15%{75 per cent of the material 1s in this form, Now if you were

cb
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looking for only biological activity, as we were in the past, you miss
this sort of thing. So I think that as rescarch proceeds one should
use specific methods of isolation, and less speeific methods of final
analysis. This way we will not miss the metabolites and we will not
miss other forms that may be useful.

Dr. Roberts brought up the problem of how he needed to frac-
tionate the test material further as the assay as he was using 1t was
non-specific and he was trying out other fractions; 1t was mentioned
that similar fractionation was necessary for the growth hormone
assays. I think 1t is more and more clear that the way to tackle
this type of problem 1s to apply good prehmnary fractionation
methods. If people should think that fractionation 1s difficult in
such small quantities, I should advise them to look at Edstrom’s
beautiful work on the and pierog d of
nucleic acids by electrophoresis It s a quite simple technique, and
goes down to 103 pg. We haven't even started to use methods like
that in endocrinology yet, so there 1s quite a lot of room for develop-
ment still,

The other big problem which remams, and which we can only
tackle after the first 1s tackled, 1s m what form these substances are
present in blood. There are many ways of tackling it and Dr. Bush
told us about one method, equltbrium dialys:s, there must be many
other possibilities

I certainly agree with Dr. Bush on his defimtion of the term
“binding™; T think we should be very careful about using this
:VO;'dL. “BRinding” m the past ‘ge‘xlerally," meant someth w}uc)j:

cules are of the order of about 1-2 keal./mole at room temperature,
and T should say the energy of complex formation should about
double that to be considered a bond; this of course 1s an arbitrary
defimtion, but 1t will wclude hydrogen bonding and distingwsh
from general forces of adsorption.

The future then lies very much m terms of these two hines of
approach; on the one hand, i of the pl 1
state of these substances, and secondly the brological effects of the
complexes, Finally, although we know a httle about this for the
steroids, we know nothing about it for the peptide and protein hor-
mones, and I was very pleased to hear Prof. Heller tell us some
first. steps along this route. The steroids from this pomnt of view of
course are more easy to recogntze and the techniques are easier, but
both problems are equally mmportant. I feel these are the most
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important things, and alongside these, developments of analytical

techmques will finally give us more knowledge of ““Ilormones in

Blood”.

Bush: Most of what I want to say 1s intended to stimulate dis-
b Tw e N : . vof

! of
. i

Le o - .
enough to find somethung like the dorsal muscle of the leech, or the
guinea pig uterus, or the rat’s colon available, so that we can often
assay extremely small quantities of a hormone, Howeser, when
sensitivity is low, we bave to consider whether the use of whole
organs, and even worse, whole ammals, 15 not somewhat wasteful.
While such assays sufficed for much of the endocrinology that has
gone on to-date, my impression 1s that the vast majority of bo-
assays we have heard of so far, with the possible exception of that
for human chorionic gonadotrophin, are not sensitive enough to be
worth conwidenng seriously for blood assays. The sort of troubles
that come up when the older methods of assay are used are that
mmuch of the materal 1s adsorbed, or Jost, in parts of the tissue which
are not effectively responstve to the assay; in some methods the
uptake of bormone ~ oo oo e
efficiency because of

of the experiment, . .

1 don’t think has been mentioned explieitly, 15 that some of these
assays may lose efficiency by the presence o_f protmly&ic lenZ)"Ene’s

.

nee n methods may 1mprove one’s assay and how important
?gzgﬁcity in this matter often 15, [ would cite the fact that Dr. Vogt
and Miss Holzbauer found that even when adrenaline and nora-
drenaline had been separated on chromatograms one had fo be
to exclude the interference of histamine, It would scem
eloss to attempt the biological assay of hormones with-
tention to careful fractionation than scems usual, In

careful
utterly hop
out more &t
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the field with which T am famibar, where the specifiaity and the
relighility of the cl 1 assay of the sub concerned 1s far
higher than ong could hope for by the present bioassay methods,
one nevertheless barks one’s shins against problems of separation
and fractionation every day.

Another example iy the improvement m btoassays that can be
gained by carrying out a simple adsorption step, such as the alumina
adsorption of ammes, the oxycellulose method for ACTH, and the
adsorption  methods for gonadotrophins.  Another interesting
example we heard of this morning was one from Mr, Short who
found that by the apparently trivial addition of small amounts of
sodwm hydroxide to Pplasma, an extract which otherwise contains
several grams of fat, making separation of the hormone extra-
ordnanly difficult, is converted to an extract which 1s almost free
rom fat, T think it minht ha warth whila Innline mtn cama of the

Bottar for TSH, may not be the assay methods of chowce. Sl;(!h
fast- o - N ity and may well

. vas made by Dr.
1sed that even in
zneral conclusions

#imost as much weight was given to results obtained n bioassays
with apparently infimte lmuts of error as to those obtained 1 much
:7_‘016 Precise assays with a rather high index of precision. In diseus-

Prof. Gray mentioned this morming that there 1s a possibility of
disease bemng caused by a change of peripheral consumption 1n the
Lssue. Another mechanism for endocrine disease could be a dis-
turbed mechanism of regulation between the eirculating target gland
bormone and the trophue hormone. This problem can only be
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studied in blood. I should like to hear whether other people also
have information,

A patient in whom an observation was made was a man of
25 years who had a thyroidectomy for thyrotoxicosis, and who
we saw 1 1953 with local myxoedema, You have to realise that of
& thyroidectomy is done for Graves’s disease, you do not treat the
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Fia. 1. (Querido).
disease, as the mechanism which caused the thyrotoxicosis is s.tiﬂ
there. In this case we were happy enough to find an excessive
amonnt of thyrotrophic hormone mn the blood when he was in 2

4800 b pgr per e
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nicely. But I want you to note that it was still above the normal
level. We later continued to gve this patient thyroid powder and
the PBI values remained practically normat between 4 and 8 pg.
per cent.

We have repeated, at regular intervals, the estimations of thyro-
trophic hormone in the blood, which suddenly after many months
PO Pty e i S S DU A0 T

SN

11 Lue DIV IS CONCETNEed, does NUL lunetol wen,

These observations of course are rather difficult to make and I
wonder whether other people have made simlar observations m
other endocrine disease, or have other data supporting the 1dea of 2
change 1n the feed-back mechamsm.

Loraine’ Prof. Quendo, 1n the shde you showed of the patient
with myxocedema the blood level of TSH was very high Ihd you
at the same time conduct any assays on urine? If so, do you have
any data ding the renal cl of the I ?

Querido: No, we haven’t done any renal excretion. The only
thing I can say 1s on the basis of animal experiments. When we were
domng studies of the disappearance rate of TSH 1n rabbits, we were
never able to find by hod ployed in our lat y any
activity in unne, neither by adsorption or ultrafiltration procedures.
But we have, of course, Indications that it 1s fixed in the kidney and
is cleared at a very fast rate. If} 1 thy pl
is mjected, you may find m 15 minutes 30 per cent of the material
in the kidney with biological assay.

Referring to what Prof, Heller was saying about this kidney
mechamsm, we have tried to find out whether this mechamsm could
be of sgnificance 1n patients. We did some rough experiments to
try to block the kidney mechanism for extraction of thyrotrophic
h Inj with hyd d casemn caused excessive
swelling of the tubules cells, but still the kidney could fix the thyro-
trophic hormone. We had to go as far as mercunal poisoning of the
kidney to block the mechanism. So I think if one may transfer these
observations on animals to humans, the reserve capacity of the
kidney to pick up such minute quantities of biologically active
materml_ as ti}ytotrophic hormone must bs& in relation to other
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would have to find a blocking substance. Taking the excretion of
penteillin as an example: one can block its excretion quite effectively
without damaging the kidney at all.

Quenido, 1 agree,

Harris: Dr. Purves at a symposium here last year (1957. Ciba
Foundation Colloquium on Endocrinology, 10, 17) raised the pomt
that Prof. Quenido has just ratsed, that at least in some cases of
hyperthyroidism there is an extra-thyroidal pathology. This is
shown by normal or increased blood level of TSH simultaneously
with an 4’ con ion of protein-bound iodine. In other
words the feed-back mechanism has faled at some point which 15
outside the thyroid gland. There 1s also a phystological corollary to
this which we (Harns, G. W., and Woods, J. \V.(1957). Ciba Found-

S e s oy T ey g

Prof. Mornis I think made the pomt of assaying both the target
organ hormone and the pituitary trophic hormone in blood simui-
taneously. I think ths 1s a very mmportant point, certainly with
regard to studies of the factors regulating pitwitary activity.

Prunty: The scurvy gumea pigs are an example of the falure of
this feed-back system. It was pointed out the other day that if you
admunistered still more cortical hormones to them the feed-back
mechanism seemed to be restored.

Sonenberg: As you may recall, Dr. Sayers considered that the con-
centration of hormone in blood, 1n his case ACTH, was a reflection of
the amount cxcreted, presumably by the kidneys, the amount
secreted by the pituitary, and the amount metabolized. I sug-

sted to Dr. Farrell that there was another factor which others

ave raised here, namely, the volume of distnibution. This 1s not
particularly novel or ongmal, b’ut I was just ‘rtmind'ed ,of,some

formulated, So we and others have done experiments ot japewung
the blood or measuring the blo?d volume of various organs :n'ter
e PR A S R o U N

“lgi\:nic of that organ is increased. Lr. Samuels has menuonea tue
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blood flow through an organ as being important, but this would be
reflected in the metabolic function. What I am suggesting is that
the levels of hormone in blood might be mfluenced merely by
changing the partitioning of the blood in various tissues,

Heller: 1 should like to add another reason to those mentioned by
me. )lm'ris,“' M N Fomoemo N e N

con-
nection with hor-
mones m bloc . m-
portant in th hor-

mones but they are so n many instances. I have always been
surprised that some workers, mainly in elmical investigations, com-
pletely neglected the possibility of alterations i renal metabolic
funetion, The metabolism of hormones 1s likely to be affected not
only by renal disease involving cellular damage but also by haemo-
dynamic changes ongnating in other parts of the body. Such
changes may do what Dr. Sonenberg has just mentioned, namely
alter the blood volume. But they are also bound to affect the
metabolism of hormones mn the kidney directly. It seems therefore

being.

Harris: With regard to what Dr. Bush has said about assays, from
time to time during this conference the question of assaying hor-
mone m the venous blood flow of an organ has been raised; Dr.
Samuels I think raised it with regard to the testis. It seems to me
that, gomng back to Dr. Parkes’ defiition of a hormone as put for-
ward at the of the conf the blood 10n
of a hormone may tell you something about the organ that the
hormone comes from, or sr')methmg about the“orgar: or tissues that

moment 1s t}lat of beng able to obtain pltu)ta}y venous blood from
P - g
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manocuvres for improving précision including the simple expedient

of increasing the number of observations made, but I doubt whether

1t will be possible to improve the specificity of bioassay methods for

protein hormones mn blood. It would appear that time would be best

spent in devising methods for the separation of protein hormones

from blood rather than i improving the precision of biologeal

© ' +- Lemar vl cann he obsolete,

vity of hormones and theix

't the question of the inter-

. X le, the actinity of growth

harmone 1n depressing the uuuzauun of glucose by muscle is de-

o S 7 -'-*~=id whereas the activaty

sion of plucose to fat

ty of adrenal steroid.

According to WILCh Ut wten v ity we choose we may

regard growth hormone as being relatively inert or highly active in
the adrenalectomized ammal,

Morris* T entirely agree on the use of these methods, as investi-
pational tools—that 15 quite a dufferent thing. If you can find a
function which 1s non-linear that may give quite important infor-
mation as to your system. I agree with Dr. Randle than an inac-
curate assay may be very useful indeed, but 1 feel that if I had to
deal with these conditions, X should take 1t as an indication one

- - o« cwesantal mathads
H v stion of
! ' iod that
1y with
' 1gn that
dication

Samuels: L think mtetachon van we « 3 in ex-
plaming the high levels of the corticosteroids m pregnancy. We
Lnow that normally there seem to be adjustments mn these levels;
v t-~% ramnin luch as they da in pregnancy, and one wonders

- 1-lanl motnre of the
1

regard to thyroune, Some yeuts ugd
~ with ns. he had some data that the

the thyroune-bmasig pe
in nrefmancy, fog‘mtaxj

id activily
:’:eb?olz::;;! “5!’21{ yD; are looking for 1n bioassuy 1s Lue x|,
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measure sensitively and accurately & given substance. It may be
that the natural situation 1s not the optimal for that particular
process, and 1t might pay to find the optimal levels of these other
functions,

1 object a hittle to Prof. Morns’s objection to “‘binding”. When
e ab £ L2 v oo Vodlom - 1 ond o T Ay al ok

P IE 1Ova SR "

Randle: T am anxious that Prof. Morns should not create a vacuum
in the binding terminology. It 15 useful to have a term hke *“bmnd-
ing”" which can be used loosely to describe an association between a
hormone and other molecules even if we do not understand this
association in a chemmcal sense. If we knew chemueally what this
assoelation was then the term * binding ” would nolongerbe necessary.

Morris: I think the difference between Dr. Samuels’ and my views
Les rather in the precision with which one system1s defined and the
other 1sn’t, I was echomng Dr Bush’s plea yesterday, and I do think
that the term “bindimg” 1s used very loosely. If we have compound

and compound B and they form a complex, even mn terms of an
enzyme-substrate complex, then one should be able to measure the
energ: Chane- S De 20TE B THeas
more
term



406 GeENERAL Discussion

Morris. I was thinking more specifically of the steroid field than
of the protein field, but I think 1t still might apply. The term has
been used far too loosely in the past.

Kellie, T am aware that when urine 1s used you get an average of
the day'sp secretion; when blood 1s used you get an mstantaneous

T’ mplng.
a °T com-
blood,

I
in many cases i mucroscopic quantitres, and simultaneously you
have relatively large amounts of mactive metabolites. There 1s some
evidence that these bolites are conjugated are ted
I should htke to know what the feelng of the meeting 1s. What
should we determme? Should we concentrate mainly on determin-
g the minute amounts of the active hormone that are there and
pay no attention to the conjugated metabolites which have little
biological activity? I feel we cannot determine both, because as
1
y

methods become gly plex, this

impossible.

Pitt-Rivers* 1 think 1t ought to be *on from blood”; the blood 1s
actually only the route of the hormone from the thyroid to its target,
and although 1t 15 & very important locus, 1t is not the objective
of the hormone. The hormone 1s just going 1n the blood to some-
where, and this somewhere I think 1s one of the most important
things to look mto.

Savard: Speaking m the area of the corticosteroids and from a

oint of view of physiological sigmificance, I just wonder if the blood
determinations are giving us all that we had hoped to find. Ad-
nuttedly the challenge to the analyst has been there, 1t has been
met, and I think we will all agree that the methods are good. Mr.
Short’s contribution to-day on progesterone mdicates that deter-
muations of this hormone are reaching the same degree of reha-
mhty. However, I am a httlf dlsappomted;’rll ctly ‘zhat 15 -

Tt - n bon A1

. An armen

volume may affect THE IALE UL SLLLUVNL 4l UNL Ub tiie Sy
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investigated we withdrew 600 ml, blood and the following day he
showed a high aldosterone output. This may be a technical problem;
we may just have to develop more sensitive methods and take less
blood. In the case of cortisol we may have a more fundamental

Un the subject ot bioassay, 1t seems to me a pity that we have
to discuss sensitivity and precsion separately, I wonder if 1t
Sy T AT TR T 1

the lowest dose on an acceptable part of the dose response curve. ~
e v SSRGS S i

the extreme interest 1 the new climeal syndrome of primary aldo-
steromsm, While ultimately a method for analysis of blood may be
developed, the immediate goal should be the establishment of a good
urinary method.

Samuels: I think Dr. Farrell's example of aldosterone 1s a good one
to illustrate the limitations of observations n the urme. Dr. Tait's
data would indicate that probably what you measure vghe{: you
e R PR Sy - YU PR SUE . A

active hormone, In most cases the free hormone 1s the physio-
logically active product in the blood We should also try to estimate
the total hormone production by the body, which 15 a relatively
simple procedure.

BMorris 1 don't know how anyone knows what 1s the active form,
You just cannot assume that; the free hormone may not be active
hormone

Kellie I think I can exemphfy that. You see, Dr. Pearlman, 1t
could be that dehydroepiandrosterone was secreted by the adrenal



408 GENERAL DiscussIoN

gland, carried round the blood system as the sulphate and converted
by the enzyme which Dr. Samuels has shown to be In the testis to
testosterone only at the target site, and our attempts to measure
test may be quite mislead

Morris: And the active substance might be a complex of test-
osterone with a protemn.

von Euler: I haven't heard the word “utthzation” yet, which1s 8
little bit surprising, because whenever these things are discussed
ameng endocrinologists, sooner or later, one comes to hear about
“utilizatton™ of the hormone, whatever 1t means. I suppose 1t just
signifies the arteriovenous difference. But that again leads to the
question whether one of the most important things here isn't
actually to measure the arteriovenous difference, and of course the
blood flow. I think that has not been sufficiently stressed. It could
then be combmed with the study of the products appearing in the
organ itself. I think we would probably get a good prcture of what
happens in this way.

* * * * *

Parhes The idea of “back to blood” was not the result of any deep
philosophical reflection on my part; it arose from long experience of

Zondek’s demonstration that enormous amounts of oestrogen are found
in the urne of the stalhon This is now a very old and hackm‘ayed
- - h PR - Lot

i

re should
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develop-
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1
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and so on, but the fact remains that the whole problem of the estima-
tion and in body flinds has now
reached a formidable state of complicatton It 15 good to think that
there is still scope for simpheity; Mr. Short, for instance, has given us
an example of the way 1n which some happy stroke of mspiration may
simplify methods and clarify mul

In the course of & held 1n 1938—
Sir Henry Dale said that the ulhmz\!e aim of brological assay was self-
extinction. His idea, of course, was that the information obtamed by
biological assay should sooner o later enable you to turn over fo
chemxcal me!hods Thi happens, the methods
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oestrogens, 238, 229
progesterone, 236238
testosterone, 239, 240



416
Sterold h half-

Sussect INpEX

Thyr h

hfe time of, 1n penpheral cireula-
tion, 242-2147

Sterold-protein complexes, bio-
synthesis of, 286-308

Sterolds, from dialysate of human

peripheral blood, 252-262

in adrenal vein blood, 103-204
in blood of domestic animals, 362~

of human peripheral blood, studies
on, 2
mdm:\ctlvc 210 234, 309
Stress, antidiretic hormone in re-
lation to,
cnndltmns, blood ACTII concen-
tration in, 27

Testosterone, endogenous, turnover
time, 239, 240
halt-hife ime of, 243, 245
Thymus weight test for ACTH,
21

‘Thyroid function and cortisol meta-
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