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PREFACE

Tue Ciban Foundation, an Educational Chatity under
Foglish law maintained by Ciba Lamited of Switzerland and
admtinistered exclusevely by its istinguished Teustees {Dr.
E. D. Adnan, o, pRs, Lord Beveridge, wen, rea, Lord
Horder, sovo, and Mr, Raymond Needbam, @¢), was formally
opened by Sir Henry Dale m 1949, It provides in its house
London an mternationa} centre where those engaged m medical
and chemueal research may stay dunng vesits eopnected with
their work, and where they may tuke part i meetings of a few
hours to a few days in duration or any subject from the whole
ternitory of biological reseurch. Of the longer, miernational
meetings, attended by nvitation, there have been 19 1n the
first three years of the Foundation’s active existence,

In all these conferences an attermpt has heen made to
seeure a “house-party’” atmosphere, where frank and in-
formal exchanges of mfommation and opimon on eurrent
work have been encouraped rother than the formal snnounee-
ment of completed work, more smtably presented at the
larger congresses The Trustees and Director of the Ciba
Foundation have been urged m every case, howeser, to make
available the proceedings, consisting of brief programme
papers followed by general dwscussions, and these are beng
assernbled wnto volumes with only a mimmum of editing in
order to pass on the benefits of these small group discussions
to & wider audtence. In addition to much stimuslating
argument and speculation, the volumes contain valuable infor-
mation about recent and unpublished work and many refer-
ences to published papers scattered throughout the world’s
hterature,

For the peactical resson of easing the Diyrector’s task in
orgamzing these conferences, most of them have been within
one fleld of resenrch, namely, endocrinology. This field was
chosen beeause it seemed to afford » good opportunity for
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the use of the Foundation as a “laboratory for mixing scien-
tists” —Lord Beveridge’s deseription of the Foundation—not
only on an international but also on an interdisciplinary basis.

Twelve “Colloquma on Endoerinology,” as they have been
called, have so far been held. A summary of one, on Nomen-
clature of Steroids, has been published elscwhere; of the other.
eleven, eight have been published m four volumes, and 'the
remaiming three are being 1ssued separately. The present
volume is the first of these three to be completed; the others,
on Hormonal Factors in Carbohydrate Metabolism, and
Synthesis and Metabolism of Adrenocortieal Steroids, will be
available shortly.

The mformal colloguium here recorded brings within a
small compass the work of widely-separated groups studying
common problems of assay of pituitary and adrenal hor-
mones. We belicve that their papers and discussions, whilst
reveahing much work still to be done, will prove of the greatest
interest to all clinicians who need to assess the value of
hormonal assays, and to all investigators who have charge of
research mto their greater accuracy, speafioty and clinieal
usefulness.

As on other occasions in this senes, the Editors are much
indebted to Miss N, Bland for her patience and skill in obtain-
g dings of the d and the senior Editor for
the Ciba Foundation wishes 1t to be known that Miss M. P.
Cameron has had more responsibility for the preparation of
the material than 1s fairly mdicated by the word “assisted”
on the title page.

It 1s with much pleasure that the Editors record their grati-
tude to Mr. J. Rivers and Mr. J. A, Rivers of J. & A. Churclull
Ltd., whose continuous attention and kindly assistance in
the publication of all the Ciba Foundation’s volumes greatly
eases the burden of editorial work.

G.EIW.W,

-
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FOREWORD
R by .
J. H. GapbuM, ScD, FRS

Tie work of the chnical endocrinologist would be simpler
.than it 15 if 1t were possible to make reliable estimates of the
concentrations of the various hormones mn the body fluds,
.and much effort 1s bemng spent in.the search for methods of
doing this. The task 1s difficult because the amounts present
are very small, and because accuracy can only be achieved
with much labour and at vast expense. Chononic gonado-
trophin can be accurately assayed in the blood or urme of a
pregnant woman, but none of the other hormones 1s m quite
the same position. If all the claims that have been made are
true, then estimates have been made of the concentrations of
most of the hormones 1n human blood, but those concentra-
fions are usually so Jow that the result 1s open to doubt. The
time has not yet come when the physician is justified in
accepting estimates of hormones without a eritical considera-
tion of the methods by which these estimates have been
obtained.

The conference reported here was devoted to the considera-
tion of assays of the hormones of the anterior pitwtary and
the adrenal cortex. Other hormones, such as insulin and those
contained 1 the posterior pituitary, were not considered,
but there was no lack of material for diseussion and it was
evident that the problem is being attacked with vigour in
many parts of the world and that there is good reason to
expect that bioassays will soon become less expensive and
more nformative,

xv






\

Part I—General I’rinciplcls

REQUIREMENTS FOR CLINICALLY USEFUL
ENDOCRINE BIOASSAYS

ALBERT SEGALOFF

WIHEREAS it is easy to set up requirements for an ideal
type of clinical bioassay proeedure, 1t is extremely difficult,
if not impossible, to find an assay which will fulfil even not
too stringent criteria. It appears, therefore, to be advan-
tageous to employ an allegory.

In a land of make-believe a scientist was preparing a
vaporizer for use in a flame photometer, and a house fly

FiG. 1.

chaneed to pass through a eloud of vapour produced from
human serum (Fig. 1). Much to the observer’s astonishment,
the fly shed his wings and plummeted to the table. The
scientist then captured some additional samples of Musca
domestica and repeated what now became an experiment.
Invariably, when a fly flew mto the vapour produced by this
sample of human serum, 1t ymmediately shed its wmgs and
fell to the table.

Our biologist then borrowed the tools of the entomologist,
namely, the breeding and care of flies. These flies were

BroATEAY 1 "



2 ALBERT BEGALOFF

confined, in carefully counted numbers, in cages such as these
used for the assessment of msectiesdes.  Our scientist then
undertook an exhaustive senes of tests, eliminating gradually
all the various constituents of serum. He was particularly
interested m the hormonal agents. Ile found that with the
exception of Hormone A none of the known hormonal pro-
duets produced this starting phenomenon. Thus be had

proof that this was a lughly speafic biolomral reaction
produced only by Hormoene A. It was next necessary to
evaluate the assay for its quantitative valubty, He found
that the percentage of flres which shed thew wings was pro-
portional to the concentration of A m the solution being
vaponzed (Fig. 2), and that this assay had a lambda value
of 6-190,

Our scientific wizard next quickly wrote to several of his
colleagues in distant lands, who upon repeating his assay
procedure, obtained exactly the same results as he had.
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Therefore the procedure was reproducible in other laboratories.
Thus this would appear to be an assay which possesses all
the attributes necessary for an ideal hioassay. To leave
this Utopia and to face reahty, let us now consider these
qualities.

T will now list the requirements which I believe must be
met by the ideal assay:—

1. Spealfic
II. Reproducible from laboratory to laboratory.
II.  Sensitive.
IV. Statistically sound.
V. Sumple. - N
VI. Rapud. .
VII Inexpensive.

Because of the small amounts of hormonally active prin-
ciples available from chimical material, sensitivity is the prime
requisite. The procedure must also be specifie, that 1s, it
must measure the activity or material m question  Such an
assay not only will have statistical validity in one lahoratory
but 1t would be possihle to reproduce the results mn other
laboratories It should, n addition, be smmple, rapid and
mexpenstve.

Most climcally useful bioassay procedures begin wrth
collection of urine Unfortunately, as far as therr usefulness
15 concerned, they also often end here. It 15 amazing how
many physictans think that all endoermological diagnoses
can be made on a poorly collected, haphazardly refrigerated,
24-hour unne specimen  Obviously no assay can possibly
be better than the urtne collection on which 1t 15 started.
Furstly, the patient should be adequately mstructed. The
urine must then be carefully refrigerated, with a preservative
added when indicated, and above all a creatimmne deternnna-
tion should alnays be done to check agamnst gross errors
collection. Moreover, one must remember that the patient
may be taking some medication which mght mterfere ether
by augmenting or depressing the biological assay. For



4 ALDERT SECALOFF

example, coostrogen medieation will alter the cestrogen
exeretion, and wn suflicient amounts will alter the excretion
of gonadotrophic lormones. Turther, it is not always

realized that many medications. such as the sulphonamides, -

are excreted w forms wlich are toxic to adrenalectomized
ammals and that 1t 15 dflicult to earry out o hiolagical assay
for glycagenic corticord actrvity on the urine of these patients,
Actually, of course, none of our avatlable bioassays measures
up to the wdeal desersbed m the mtroductory paragraphs.
Therefore, let us consider some of the compromses which
have been necessary m the develop t of ok iy uscful
boassays

In erder to do this properly we must know what informa-+
tion we want to obtamn from an assay. Do we want to be
able to give a precise dimgnosss {e.g, hypersecretion of
glycogente corticards secondary to hypersecretion of ACTH),
or do we want to be able to say that a patient must he treated
with cortisone because she il not respond to ACTH? Where-
as the former 1s useful chinically, the latter 15 adequate.

Seasttivity 15 fundamentally the hurdle in nttemptmrr to
apply assays climeally. For ple, 1t would b
be wdeal to use some sort of assay employimng humans, smce
there may be some spectes specificity to the hormones which
exst in man.  Howmever, I know of no wstance in which 1t has
been possible to phsh thus for endocermological materials
of human origin  The real difficulties 1n sensitivity, I think,
can best be itlustrated by the problem of the assay of gly-
cogente corticord activity  Such assays on a chmcnny usefu]
level have been ace lished only m ad }
muce. These ammals shiow a more varable response but are
more senstive than adrenalectomuzed rats, Despite this,
additional devices, such as pre-feeding or fortification of the
extracts with glucose, are necessary 1 order to make the assay
procedure sensitive enongh so that it can be appled to the
urine of normal subjects.

We are all aware of the eaistence of at least two, and
probably & third, gonadotropluc hormone. However, with
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the amounts existing in urine, it is difficult to quantitate
all these hy present methods of Lioassay. Indeed, although
we have been most interested in tlhe assay of urinary prolactin
activity, in man prolactin has not yet been definitely demon-
strated to be luteotrophic, though data are accumulating
which would suggest ths.

Our assay for prolactin, which will be discussed more
thoroughly later in this conference, may be used to illustrate
one of the real dilliculties which often must be overcome.
This is the existence of interfering substances in the material
to be used for assay  The local injection of prolactin over the
crop sac of the pigeon 1s probably the most sensitive assay
for this material. However, almost all extracts which we
have been able to concentrate from urine have had a distress-
ing and severe local reaction when handled 1n this manner.
The reaction resembles fat necrosis and interferes with the
reading of the end pomt of the assay. It also appears to
modify absorption of the hormone from the site of injection.
In our experience the only way to overcome this has been to
employ the much less sensitive intravenous route. Unfor-
tunately, this assay falls short of the ideal in other respects.
It is expensive, time consummng and difficult.

Of what value are bioassays in clmical medicine? An
example of their usefulness might be cited here. At present,
the best method of evaluating testicular failure 1s by use of
measurement of urmary gonadotrophic hormone. Fortu-
nately, with an intact pituitary, removal or absence of the
gonads not only has an effect on the excretion of gonadal
hormone but also causes the pituitary to secrete a substantially
increased amount of gonadotrophic hormone, which spills
over 1 the urme. Clinically, patients with hypogonadism
and no other endocrinological abnormality present the same
appearance, whether the falure is in the pituitary or the
gonads, Fortunately, 1t 1s possible to differentiate these on
the basis of their urinary exeretion of gonadotrophic hormone,
When the failure is in the pitwitary, there is usually a less than

normal amount of gonadotrophic hormone in the urine. In
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striking contrast to this, with testicular failure or absence,
there 1s usually an increase over the normal amount of
gonadotrophic hormone in the urine. Thus the differential
with respect to urinary gonadotrophie hormone between the
. patient with pitwitary failure and gonadal failure 15 much
greater than the difference between normal and lowered
amounts of gonadotrophic hormone. Therefore, by means
of bioassay procedures it is possible to separate patients with
gonadal failure mto two large groups. It is particularly
important, for clinical purposes, to make this differentiation.
In cases of testicular farlure only testosterone replacement
therapy is possible. However, if testosterone 1s given to the
patient with pituitary failure, then 1t 1s impossible to obtain
normal gonadal funetion  In addition, we have the advan-
tage, based on chnical observations, that in suitable patients
with prtuitary farlure, administration of choriome gonado-
trophic hormone will often nitiate a chain of events whereby
the patient’s own pituitary will be able to take over and con-
tinue secreting, so that a normal pituitary-gonad axis 1s
maintamed without the necessity of contmuation of the
substitution therapy. This, then, 1s an ilustration of the
major advantage which can be gamned through proper
utilization of bioassays.
1t cannot be urged too strongly that despite the importance
of bioassay procedures to the astute clinical endocrinologist,
medicine 1s still an art, and no amount of laboratory studies
can replace an mtelligent and thorough history and physical
examnation. If this were no more than a saving of time and
money, 1t would still be worth while, One rght with profit
speculate upon the large amount of money, time, and blood
required to perform all the “standard” dragnostic procedures
' on a patient. For example, 1n our own institution if a patient
were to have all the routine blood chemical determmations
(omitting everything which could be considered as unusual),
it would require 168 ml. of blood and several hundred dollars.
Thus, to return to the endocrine bioassays; after completion
of a history and physical examination on a man with
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hypogonadism, the assay of urinary gonadal stimulating hor-
mone will usually make the final differential diagnosis. This
can be supported by ketosteroid and androgen determinations.

Of the assays which are now needed, one for growth hor-
mone should be listed first. Problems of growth are en-
countered frequently, and at present there is no real way to
determine whether or not they are due to alterations in
effective levels of grow th hormone  Moreover, there has been
little or none of the expected results from therapy with
excellent preparations of growth hormone m what should
be adequate amounts.

Another useful assay which 15 needed 1s one of eirculating
ACTH on a clmical level. Publshed reports, particularly
here in Great Brntam, indicate that perhaps soon such a
chnieally useful procedure may be avallable

Finally, an effectiv e assay for parathyroid hormone would,
m all probabiity, facihtate the task of evaluating para-
thyroid function .

It 1s hoped timt data presented at this conference wll
point the way to bioassays previously not avatlable

DISCUSSION

T e Toar vl e

@strogen, The ovarian hyperxnua method end point 1s also more daffi-
cult to read and, therefore, more varable
Loraine: Would you consider the mouse uterine weight method
quahtative or quantitative® Can 1t be put on a quantitative basis?
SEcALorF, I would call 1t “semi-quantitative.”
Ganpux How about the reliability of the tests for other hormones?
SeeaLorr. I think the estimation of glycogenic corticoids 1s useful, It
15 sometimes umpossible to differentiate between Addison’s disease
----- v R e s of formal-
1 deposttion

R . t consistent
results from the formaldehydogenic assay.

Scoarorr Idon’t know which value to bebeve. With unhydrolysed
urine you get one value, with enzyme-hydrolysed another, and unines
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diller in their response to standing at pH 1 for 24 hours (the usual Tmld
hydrolysis employed!). It also depends on which enzyme you use.
According to some papers the ratio of the unhydrolysed value to the
enzyme-hydrolysed value was stated to be of diagnostic value but in
other papers this was not so  Mildly hydrolysed urine (24 hours at pH 1)
15 employed most widely
Bavwiss: On the wards, it 15 very difficult to collect a 24-hour unne
free of b This alone may lead to some
hy drolysis. Under normal circumstances 1s 1t night, therefore, to speak
of unhydrolysed urtne?

SEcaLorT: I agree that this happens, but how are we to draw the line?
We try to use which are upon void-
g, The great difficulty with enzyme hydrolysis at present 15 that
eve erybody does1t ly 18 different from
mammahan g-glucuromdase, and then there are differences of pH,
ete Many papers d6 not give sufficient data to permit duplication of
methods.

Frascr For some time I have felt sceptical about the principle of
24-hour values In using them we 1gnore the patients’ basal metabolism.
It seems to me that if we collected a single sample mn the morning
{8 hours’ excretion) 1n 2 clean dish the problem of bacterial infection
would also not anse.

SEcaLorF It wouldn’t work for the glycogenie assay of corticoids.
There isn’t enough matenial m an 8-hour urine.

Fraser. You could use two lots of night urine 1f that’s your problem
solely.

SE);‘ALOI-‘F: I think the diurnal vanations must be eliminated by inte-

o fh } B - g

panison with other data difficult ot impossible.

Fraser' But 1sn’t this just habit? Perhaps there would be more
sigmficance 1f there were no diurnal vanations, if the urnnes were
obtaned under basal conditions  We need to discover how much basal
conditions matter to the rate of excretion.,
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menopause there is an increase in the secretion of hypophyseal gonado-
troplun because there is an increase in the unnary excretion of gon-
adotrophin; it may be a loss of response of the ovaries. Chinical bioassay
[aN ISRy AP A SR i s A

constant results.

Rosson: liave you any experience of the assay of progesterone in
blood? Of the Tlooker-Forbes techmque?

SEGALOFF: I haven't done it. It is a difficult assay, but I agree 1t
would be most useful to apply. It hns a very real possibility of working

Ganpry: Does the same apply to the D'Angelo techmque for thyro-
trophin?

SecALOFF: T have avoided this because there are many difficulties,
There is the problem of so-called mactivated thyrotrophin; and also the
slope of the curve 15 very low and large increases of dosage yield small
Increases 1n response.

FingL: You stated that your laboratory routinely does creatmine
determinations on the 24-hour unne samples. Would you expand on
the use or benefit of these ns? Does posed renal
pathology prejudice the conclustons or hmit the valae of the urinary
BSSAYS 1N any other way?

ScearoFr; Thus question of renal effect 1s most dufficult when one tries
to interpret assays on unnes. However, it must also be taken mto
account when interpreting blood assays I don't hold a large bref for
creatinine, Even in metabolic wards where there 1s a standard diet there
are substantial vanations in the values It is most useful in indicating
m which samples there may be gross errors of collection. We tried ex-
Pressng our results per gram of creatinine, but this wasn’t too useful

SEGALOFE: I agree.
'



Part 1I—Thyrotrophic Ilormone

THE BIOASSAY OF THYROTROPHIC HORMONE
IN THE HYPOPHYSECTOMIZED RAT USING P

M. L DEDMAN, A. STUART MASON, P. MORRIS
and C. J. 0. R MORRIS

ToE bioassay of thiyrotrophic hormone (TSH) has depended,
until recently, on various methods of estimating 1ts effect
on the histology of the thyrord. The mtroduction of radio-
active 10dine has provided a means of assaying TSH in
terms of thyroid function. Various techniques are now being
developed to utilize this isotope as an index of thyroid
activity after admimstration of TSH. Although the for-
mation of thyroid hormone is mtimately connected with
iodine, 1t has also been shown {Borell and Holmgren, 1919)
that changes in phosphorus metabolism oceur 1n the thyroid
when TSH 1s admmstered.  These changes can be detected
by the use of radiocactive phosphorus (3°P). We have used
this 1sotope n experiments designed to confirm and extend
Borell’s original work  This paper 15 a preliminary report of
our results.

It has been known for many years that phosphorus plays
a part in thyroid physiology. The presence of phosphorus
1n the thyroid was reported first by Oswald 1n 1899, Kocher
(1902) stated that the phosphorus content of the thyroid was
nversely proportional to the 1odine content. The relationship
of thyroid histology to 1ts phosphorus content was described
by Aeschbacker in 1906. He found that large amounts of
phosphorus were present in glands with scanty colloid,
increased cellularity and many nuclei.

After this promising start interest in the subjcet appears to
have waned until 1945 when Borell found that the phosphorus
content of the guinea pig thyroid was increased after injection
of TSH. He showed that the increase in total phosphorus

© 10
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;ran parallel to the inerease in cell height. As was to be
expected from this, the amount of phosphorus per unit weight
of dried gland did not increasc after TSH administration
Borell and Holmgren (1949) then investigated the uptake of
radioactive phosphorus by the guinea pig thyroid, and found
that injection of TSH resulted in a marked increase in uptake.
This proved to be a more sensitive response to TSH than
changes in cell height. From these cxperiments they con-
cluded that the 32P uptake by the thyrod provided a method
of assaying TSH.

Borell did not provide sufficient data in his paper to clarify
the various factors which might affect Ins methiod of assay.
We determined to explore these factors, and to attempt to put
this assay method on a firm basis To do this it was necessary
to use hypophysectornized amimals, as the presence of a fune-
tioning pitwitary in the experimental amimal makes it diflicult
to assess the specificity of any assay for pituitary hormones

We have used only the hypophyscctormzed rat in this
work; other methods of assay have shown this ammal to be
less sensitive than the chick to TSH, but definitely more
sensitive than the intact rat. This may be due to the greatly
decreased rate of TSH destruetion 1n the rat following hypo-
physectomy (D’Angelo, 1951).

The 2P we used was supphed free from ¥P. As the pH
of the omgmal solution was less than 2-0, 1t was diluted
hefore use with an acetate buffer solution (pH 6-4) Each
rat was injected intraperitoneally with a dose of 15 pe. of
3P in a volume of 0-5 ml This dose was found to give
thyroid 32P levels which were convenient for counting pur-
poses. Forty minutes after injection the rat was killed, and
the thyroid dissected out, The amount of 3*P present m
each gland was measured under constant geometric conditions
with a standard Geiger counter and scaling unit. For each
experment a standard solution was prepared from the 3P
used for injection. The activity of the standard was deter-
mmed under constant conditions using the same Geiger
counter as was employed for the thyroids. For ease and
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accuracy, the geometric conditions for counting the standard
were not identical for these and for the thyroids. Conse-
quently the uptake of 3°P by the thyroid could not be
expressed as a percentage of the dose administered. The
uptake, therefore, has been expressed in arbitrary units by
dividing the counts per second recorded for -the thyroid
by the counts per second recorded for the standard, the result
being multiplied by 1000. The uptake so expressed was
adjusted for weight of the thyroid, when required, by calea-
lating it as uptake per 10 mg. thyroid tissue. .

The animals selected for the assay were female Wistar rats.
It became apparent that both age and weight at hypophy-
sectomy were 1mportant factors in the uptake of 32P by the
thyroid. Anmmals selected by werght regardless of age were
found to have a preater variation m 3?P uptake than those
selected for comparable age and weight. An age of 6-7 weeks
at hypophysectomy was found to be convenient. Younger
rats (4-5 weeks at hypophysectomy) were slightly more
sensitive to TSH, but the difference in sensitivity was not
marked, and the difficulties of operation greater. The weight
of the rats at operation was kept between 100 to 120 g. An
increase m the range of body weight led to an increase in the
variation of thyroid 2P uptake. In particular, rats weighing
over 130 grammes showed a marked variability in 2P uptake.

Our first exg ts were designed to show the ct in
phosphorus uptake following hypophysectomy. The uptake
would be expected to decrease after operabion if it was
related to the action of TSH. Such a decrease did occur, as
shown in Table I.

Table I
ErFFCT oF HYPOPIYSECTOMY
Thyrowd wt Uptake® Uptahe{t0 mg
Intact . | Baz 353 4 421 8
5th day M ERCITA 143 (109 214 (49%)
othday . 57 (68%) 181 {37%) 237 (50S5
12th day 529 132 256 *

#Arbitrary units—see text,
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The drop in uptake is almost maximal by the fifth day after
hypophyscctomy, as compared with the decrease 1n gland
weight. Tt is interesting that the drop in iodine coneentration
by the thyroid is maximal about the same time after operation
{Randall and Albert, 1851). The table shows an apparent
rise of phosphorus uptake per unit weight of gland by the
twelfth day after operation, but the number of rats in this
group was small, so that the finding 1s probably without
significance.

However, the relationship between phosphorus uptake
of the thyroid and its weight 1s not direct  In the mtact rat
there 1s a significant corrclation between weight and phos-
phorus uptake. Five days after hypophysectomy the relation-
ship is on the borderline of statistical sigmfieance, and by
the ninth day there is no correlation between weight and
phosphorus uptake

The sensitivity of the thyroid to TSH at various times
after hypophysectomy has not yet been fully investigated.
A companson of sensitivity at the fifth and ninth day after
hypophysectomy did not show any sigmficant difference m
response to TSII. The varmance m the control ammals was
the same at the fifth as at the ninth day, but the variance
m the groups mjected with TSH was greater on the nmth
day, A further disadvantage of using rats on the ninth
day after operation was the degree of thyroid atrophy.
Therefore rats on the fifth day after hypophysectomy were
chosen for assay purposes.

Having standardized the time elapsing after hypophy-
scctomy we determined the opttmum time clapsmg between
injection of 22P and removal of the thyrowd. The vanation
of 2P uptake with time after injection 15 illustrated in
Table 11

TSH was given 1n four doses over the two days prior to the
experiment. The maximum difference m phosphorus uptake
between the control and imjected groups was found at 40
minutes after mjection of **P  ¥n the group given TSH there
was a definite decrease m uptake by 160 minutes, presumably
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Table I

Variation N P Urrang witn TIME arTER IngFermioN

Time after Control S
angection
LY S S S— -
v e [ Ui
40 138 303 421 121 33
80 157 324 437 116 70
120 132 304 370 100 63
160 163 263 375 61 63
U Uptake tartatracy anits)
wt 'per 10 mg thy roud tissue

U= Uphlﬁr Tor trangected controls

mdicating a more rapid turnover i phosphorus than the
control group

The TSH used for assay purposes has been prepared
according to the method of Ciereszlo (1945) taken to stage
C.A. The dose of TSII was wmjected subeutaneously, and
two different schemes of dosage have been used, The first
sclieme was to divide the dose to four imjections given
twice daily for the two days prior to the assay. The second
scheme was to give the dose mn one wjection four hours before
injection of 32P. The assay data shown in Fig. 1 compare
the two schemes of dosage. Yor the animals mjeeted with
TSH the 22 uptahe has been recorded as the diflerence
from control uptake expressed as a percentage of the control
Ievel. This has been found to he a more satisfactory method
than recordig the actual uptake, because there appears to
Lie some seasonal vatiation m the control levels. This method
of expressing the uptahe eliminates apparent changes in the
slope of response which are due to this seasonal change

The ratio of the slope of the response-log dose curve to
the variance in the groups of rats is such that four or five
rats per dose Jevel are suflicient for assay purposes. It will
be seen that four injections over two days give a response
whicli is linear over a wider range of dosage than the single
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injection assay; but the latter method is more sensitive, and
gives o steeper slope.

All the data in Fig. 1 are caleulated regardless of thyrowd
weight. Fig, 2 shows the same data expressed as uptake per
10 mg. thyroid tissue. It 1s apparent that thus method of
caleulation makes the response to four injections of TSI very

PREPARATION CA 3

150 1INg
. 418

100!

UPTAKE

L=l

2Ex 100 /
50

20 22 24 26 28 30 32 34
LOG DOSE

Fio 1 Effect of frequency of TSIL myections on 2P
)

similar to tbat of the one-injection technique expressed
regardless of thyroid weight. From this we concluded that
the mitial mse in 3P uptake after TSH 1s mdependent of
growth of the thyroid, but this mechanism soon reaches its
maximum response. Further uptake becomes apparent with
larger doses of TSH when the dosage is so spaced that the
gland has time to increase its cell height. This hypothesis
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s supported by data obtained from rats given TSH on the
ninth day after hypophysectomy. In the contrdl groups and -
those given small doses of TSH in four injections there is
no correlation between P uptake and weight of thyroid.
With higher doses of TSH the correlation between uptake
and weight 1s sigmficant.

A comparison { of the slopes of response to TSH preparations

PREPARATION CA 3

150

100
UPTAKE
J=Uoy 1000
Ue W

50,

20 22 24 26 28 30 32 34
LOG DOSE

Fio. 2. Effect of frequency of TSI imections on 2P uptake,
Uptake values corrected for thyroid weight,

of different potency has been obtamed by using a preparation
of the Armour Laboratories (No, 817-51). Fig. 3 shows that
the slope for this preparation 1s approximately parallel to
that for the Ciereszko preparation. In both assays the
TSH was given in four injections. .

We have not as yet tested the specificity of the assay
method by using all the other pituitary hormones available
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Thyroximne 20 pg. daily for 14 days decreased the uptake of
3P by the thyroid, and increased the muscle uptake of 320,
Thas ruled out the possibility that 22P nptake by the thyroid
was due to the stimulating effeet of circulating thyroxine,
and suggested that, m view of the known suppressive effect
of thyroxine an TSH production, the uptake was closely
related to TSH action. A similar experiment using 10 mg.
of propylthiouracl daily resulted mn a marked increase in
thyroid uptake of **P. Thus the uptake was not dependent
on formation of thyroxine (inhibited by propylthiouracil)
but on the greater amount of TSH which is probably released
when animals are treated with this antithyroid substance.
The decrease in musecle uptake was probably due to lack of
circulating thyroxine. Finally, the lodine trapping mecha-
msm of the thyroid was inhibited by a dose of 100 mg.
KSCN/day for 14 days. This led to an increased uptake of
32P by the thyroid, probably for the same reason as suggested
for propylthiouracil. We consider that these experiments
indicate that the uptake of phosphorus by the thyreid is
not related directly to the jodine cycle in the action of
thyroxine. It appears that it is related to the process of cell
division directly stimulated by TSH.

The observations reported form a preluminary survey, in
which we have attempted to explore the variable factors
concerned 1n the assay of TSH by 3°P uptake of the thyroid.
At this juneture we consider that the method offers a direet
measurement of thyroid response to TSH. The sensitivity
of the method is hmited by the choice of the rat as the
experimental animal, but 1t is of fundamental importance to
establish the basis of the assay using hypophysectomized
animals  We conclude that the method is promising and

. provides a means not only for assay for TSH but also for
investipating thyroid physwology and the action of anti-
thyroid agents,
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ASSAY OF THYROTROPHIC HORMONE BY -
DISCHARGE

I. C. GILLILAND and RUSSELL FRASER

WE are engaged in developing a method of assaying thyro-
trophic hormone by 31 discharge and have been persuaded
by this conference to a somewhat premature diseussion on
the results.

This method was chosen for several reasons, Cope (1938)
showed that the chick was s very suitable animal, being.
readily avatlable, sensitive to TSH, and having a thyroid ’
gland of uniform histological nature. The discharge of '
as an index of thyrotroplnc hormone activity was chosen
as a result of the work of Keating et al. (1945), who showed
that foll g the administration of 'TSH the discharge of
iodine starts quickly, whereas the uptake of jodine is not _
apparent until after 24 hours. This discharge effect is the
basis of one of the most sensitive assays so far put forward
{De Robertis and Del Conte, 1944)

Perry (1951) showed that in the rat 1t js possible to prevent
discharge of %! from the thyroid gland by the admunistra-
tion of suffictent thyroxmne. Presumably this thyroxine acts
upon the animal’s pitwtary, preventing it from forming its
own thyrotrophic hormone, yet should not interfere with the
effect of thyrotrophic hormone from external sources.

Method

Day-old Rhode Island Red X Light Sussex cross-bred
cockerels were used. 311 was administered before the chicks
were fed and thereafter they were fed on a standard mash
containing 0-30 pg. of iodite per g, Each chick was ringed
with a number and a colour and subsequently reared in a
standard brooder.
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Counter

The radioactivity in the thyroxd gland of the chick was
raensured in vico, The apparatus will be deseribed in detail
elsewhere (Arnott and Fossey, unpublished). The counter
consists essentially of four Geiger-Muller tubes arcanged m n
ring and conneeted in paralfel, They are so screened with
lead that only a nartow area is rndiosensitive, and, beeause
of the arrangement of the counting tubes, slight lateral move-
ments in that aren do not significantly alter the rate of count.

The chick is so placed in the counter that its thyraud gland
19 m the radiosensitive regton whlst the rest of its body, with
any racdwozctivity that it may contmn, js shiclded from the
counting system, By passing a fixed source of radioactinty
through the radiosensitive zone it can be shown that there is
& zone of maximum radiosensitivity about 2 em, wide over
which the rate of count is at its lnghest and does not alter
appreciably. The rate of count outaide the radioactive zone
15 not more than 10 per cent of the rate of count inside the
zone. Thus the apparatus substantially measures the radio-
activity of the thyroid gland. Excised thyrawds gave approxi-
mately 104~106 per cent of the count observed n vivo.

The holder for the chick is shown in Fig. 1. The un-
anesthetized chick rests comfortably m this.  The head-piece
is of Perspex to miwmuze interference  The log clamps are
adjustable to allow for growth of the chack.  On the outside
at the end are two stops to ensure that the apparatus comes
to rest at the same place each tume, brinming the chick’s
thyroid mnto the radiosensitive area. As the chick is quite
comfortable, indeed often goes to sleep in the apparatus,
as nany measureraents as needed can be made

The test is in two stages  The first stage conusts of pre-
panng the chick with an injection of thyroxne to hold the
1 the thyrord  The second stage consists of adiunistering
TSH to sonte of these chicks and comparing the difference
discharge between the group of anumals recarvig TSH and o

control group  The difference 1s a measure of the dose of
TSH adnumstered.
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‘Ten pc. carrier-free 751 are administered, and approximately
10 per cent of the dose is in the thyroid glands at the end of
the 24 hours, giving an average count of 1434/minute. Ttis
believed it will have no radiation effect on the thyroid
gland’s nbility to discharge iodine in the time of this experi-
ment (Skanse, 1948),

Thyroxine
1-Thyroxine sodium is used, prepared freshly each day. It
is administered at the time of the 131, although we are pro-

. b I
31} too% e 301 THYROYNE
80% ARt “
e \ 5 pg
oo \
ot HL CONTROL
. 108

IDAY  2DAYS 3DAYS

¥io 2. Effect of varymg daly doses of thyroane on 51
dhscharge

1 istration.

ceeding to d ine the opti tme of
30 pg. nre administered intraperitoneally daiy for at least
three days, by which time retention is approximately com-
plete (Fig. 2). We are still wvestigating the dose required
to produce 100 per cent retention. Chicks’ mtuitaries, ex-
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Ten pe. carrier-free Y311 are administered, and approximately
10 per cent of the dose is i the thyroid glands at the end of
the 24 hours, miving an average count of 1434/minute. It is
believed it will have no radiation effect on the thyroid
gland’s ability to discharge fodfne in the time of this experi-
ment {Skanse, 1948).

Thyroxine
L-Thyroxine sodium is used, prepared freshly each day. It
is administered at the time of the ¥, although we are pro-

it
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Fio 2. Effect of varymg daily doses of thyrowine on ™I
ischatge,

ceeding to determine the optimum time of administration.
80 pg. are admumstered intraperitoneally daily for at least
three days, by which time retention is approximately com-
plete (Fig. 2). We are still ivestigating the dose required
to produce 100 per cent retention. Chicks’ pituitaries, ex-
amined when the retentive effect is approximately complete,
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fluids. We are also trying to see if we can modify the sen-
sitivity by altering the relationship between the thyroxine
dose and the loading, to find what latitude there is before
the sensitivity decreases. We are also experimenting with
other methods of administration of continueus thyroxine,
and with the use of goitrogens with thyroid to increase the
sensitivity of the gland to TSH (Albert, Rawson, Riddel),
Merrill and Lennon, 1947).

We would Iike to thank Miss J. Strudwick of the Biochemical Depart-
saent, Mr. Arnott and Mr Fossey for their help with counting, and Mr.
Wilmott of the Photographue Department. s
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CHICK ASSAY OF THYROTROPHIC HORMONE
USING P

A, C. CROOKE and JOYCE D. MATTHEWS

MaNy different methods have been employed for the assay
of thyrotrophin (TSH) with varying degrees of success. The
chick was chosen because it has been shown, both by gravi-
metric and histological techniques, to be very sensitive to
TSH. Radioactive phosphorus (2?P) was used as a measure
of thyroid activity because it is a sensitive method of measur-
ing changes in cellular metabolism.

Method
Ten two-day old male chicks were injected with a dose of
Armour’s TSH contained 1n a volume of 1 ml. of saline; later
they received a dose of 32P in 0-5 ml, of distilled water. The
chicks were killed after a swmtable time interval and the
thyroids were dissected out rapidly and placed on weighed
lips which were weighed again, The thyroids on the
cover-shps were placed on a platform in a lead castle at a
fixed geometry to an end window Geiger counter, and counted.
The control group of chicks which received 2P only were all
rated as registering 100 mmpulses per milligram of thyroid
tissue and the TSH-treated groups were correlated to these

Results

Tt was found that an intraperitoneal inyection of 10 pc.
of **P contained 1n 0-5 ml. of distilled water was umiformly
distributed after 2 hours, This dose was used and the chicks
killed 2 hours afterwards in all subsequent work.

Sensitivity of the Breed. Three cifferent strains of chicks
were given § pg. of TSH followed by 3?P and were killed
4 hours after the first injection. Tt was found that first cross

25
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Black LeghornxRhode Island Red, and pure bred Rhode
Island Red chicks gave sumilar results, but that first cross
Golden Legbar X Rhode Island Red chicks were unresponsive
at this dose level. The BL/RIR were most consistently
available and so were used for the rest of the experiments

Age of Chicks  Groups of chicks aged 2, 4 and 6 days old
were all mjected with the same dose of TSH followed by 3P,
as in the previous experiment, and killed 4 hours after the
first injection. There was no significant difference in res-
ponsiveness, Two-day-old chicks were used for all further
investigations.

Site of Ingection. Groups of chicks were injected subeu-
taneously, intraperitoneally and mtramuscularly with the
same dose of TSH and 32P as before. Similar results were
given by those receiving intraperitoneal and subcutaneous
injections, but there was greater variation of resuits within
the group which had the intramuscular injections. Intra-
peritoneal injections were used subsequently,

Number of Injections. A total dose of 8 ug. of TSH was
given as a smgle dose to one gronp of chicks, and as two
injections over 12 hours m another group, and a third group
reccived s1x mnjections over 3 days. At this dose level only
those having a single injection showed any response.

Time[Response Relationship. Dafferent groups of chicks
were mven 8 pg. of TSH and left for different times, between
2 and 24 hours, before death. They received 32P 2 hours
before killng [t was found that the maximum response
occurred 1n those that had been given TSH for 4 to 6 hours.
Subsequently there was a gradual reduction in response until
10 hours had elapsed, after which it remamned constant
(Fig. 1).

Dose{Response Relationship. Groups of 20 chicks were
injected with 2, 4, 8, 12, 16 and 24 pg. TSH followed by 2P,
and kalled 6 hours after the first injection. It was found that
a 12-fold increase in dosage caused a 2]-fold increase n
respense and that the log dose response could be represented
by a straight hine hetween the 2 and 12 pg. dose levels (Fug. 2J. .



Cuick Assay or TSI using P a7

Discussion
The chick assay using 32 has several advantages. The
animals are readily available and cheap t the light

breed males are normally destroyed at the hatcheries. They
are killed withun 2% hours, which reduces the problem of
caging and feeding them. The method 15 simple because
each chick requires only two injections. It s very rapid and
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Fic. 1. Tume/jresponse eurve showing the uptake of radioactive
phosphorus by the ehuck thyroid at different intervals of time
after the njection of a dose of 8 ug of thyrotrophic hormone.

can be completed 1 one day. It 1s not possible to compare
the method acecurately with others because there 1s no inter-
national standard, but 1t appears to be very sensitive. The
two preparations from Armour and Company which have
been used were said to contain between 9 and 12-5 Junkman
Schoeller Umits (J.S.u.)fmg Each could be measured at a
dose of 2 pg. per chick, indieating that the chick 1s sensitive
down to about 0 02 JS.u. Tlus 1s of the same order of
sensitivity as that elaimed by Dvoskin (1947) using a histo-
logical method 1n the chick, but we have been unable to
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repeat his results. Other workers have claimed a greater
sensitivity than this. I’Angelo, Paschkis, Gordon and
Cantarow (1951) and De Robertis (1948) have devised very
elaborate methods which they claimed to be sensitive down
to a level of 0-0002 J.S.u. "Both are open to the same criti-
cism. In De Robertis’ method a 5,000-fold increase 1n dose
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Fic 2 Dose/response curve showing the uptake of radioactive
phosphorus by the chick thyroid six hours after the injection
of varying amounts of thyrotropme hormone

was required to produce a 5-fold increase in response. In
the method of D’Angelo et al. a 500-fold increase in dose was
required to produce a 2-fold increase in thyroid cell height
and 1n hind limb growth, the response depending on the
difference between these two variables. Their dose/response
curves are so flat that it is questionable whether they are of
practical use until they reach a dose of the same order as that
used in our present method.
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Finally, the method appears to be specific. A group of
chicks was injected with 0-6 i.u. ACTH and it produced no
response. Doses of 0-9 iu. had proved fatal in earlier
experiments. Another group was injected with 5 iw of
gonadotrophin but it also gave no response.

The method has been applied to urine from a patient with
exophthalmie ophthalmoplegia and has given a measurable
response with the ultrafiltrate from 15 ml. per chick on two
occasions, Further work on the isolation of thyrotrophic
hormone from urine is in progress.
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DISCUSSION

Gappum, Is there any evidence about the comparative sensitivity of
the three methods? ’

Fraser Qur lowest dose which was effective was 0 025 Armour umts.

Crooge: Qurs was 0 02

Cope: The point I wish to make is possibly important for the relative
chinical values of these methods. The method of Fraser and Gilliland
mvolved the preliminary saturation of the chick with thyroxine, and
the others didn't The difficulty with assay in blood js that the total
activity 13 a balance between the thyroid hormone which mhints, and
the thyrotrophic hormone which stimulates thyroid tissue  This 18 not
Iikely to be a serous difficulty with the Gilhland and Fraser method,
as the ctuck 15 alrendy saturated with thyroxine and any effect will
be due to TSH alone.

Gappum, Dr. Crooke, could you saturate your chuchs with thyroxine?

Crooxr; Yes, we could, but we haven't tried yet

Fraser: Dr, Mason said that %P was concerned with cell division
Tsn't it just as likely that 1t 13 concerned with this discharge we are
measuring? Presumably the assay by P would still work after loading
with thyroxmne.

Masox: We have no data, but 1t 1s a possiblity to be explored

-



28 A. C. CrooKE aND Jovce D, MATTREWS

repeat his results. Other workers have claimed a greater
sensitivity than this. D’Angelo, Paschkis, Gordon and
Cantarow (1951) and De Robertis (1948) have devised very
elaborate methods which they claimed to be sensitive down
to a level of 0-0002 J.S.u. "Both are open to the same criti-
cism. In De Robertis’ method a 5,000-fold increase in dose
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Fic 2, Dose/response curve showing the uptake of radioactive
phosphorus by the chick thyroid six hours after the injection
of varytng amounts of thyrotrophic hormone.

was required to produce a 5-fold increase in response, In
the method of I’Angelo et al. a 500-fold increase in dose was
required to produce a 2-fold increase in thyroid cell height
and in hind limb growth, the response depending on the
difference between these two variables. Their dosefresponse
curves are so flat that it is questionable whether they are of
practical use until they reach a dose of the same order as that
used 1n our present method
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repeat his results. Other workers have claimed a greater
sensitivity than ths. I’Angelo, Paschkis, Gordon and
Cantarow (1951) and De Robertis (1948) have devised very
elaborate methods which they claimed ta be sensitive down
to a level of 0-0002 J.S.u. Both are open to the same eriti-
cism. In De Rohertis’ method a 5,000-fold increase in dose
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¥16. 2. Dosejresponse curve showing the uptake of radioactive
phosphorus by the chick thyroid six hours sfter the mjection
of varymg amounts of thyrotrophic hormone.

was required to prod a 5-fold i in r In
the method of D’Angelo et al. a 500-fold increase m dose was
required to produce a 2-fold increase in thyroid cell height
and in hind lunb growth, the response depending on the
difference between these two variables.  Their dose/response
curves are so flat that 1t is questionable whether they are of
practical use until they reach a dose of the same order as that
used in our present method.
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Croore. It's onty m the last fortnight that we've tried extracting
P AT ST e e 0 cay anytliin
but I wouldn't like to

out, of course

Burr We have tried benzowe acid, and we obtaned rather toxie
extracts

Corge: You would if the urine was old  It's not toxie with fresh urine,

LonarNe. Dr. Rawson has tried to repeat De Robertis’ method and
has been unable 1o do so. He said that its chief difficulty sas 1ts lack
of specificity he obtamed similar results from injecting saline as from
injecting so-called active preparations

Gappum But the tadpole hasn't had a chance yet to show 1ts possi-
bilitres

Loramnc: I don't think eo. 1 don’t think anybody apart from Dr
D’Angelo 15 doing that assay.

Astwoon; Have any of these mvestigators noted whether
corticotrophin given with the thyrotrophin would interfere with the
thyrotrophuc response?

C.J O. R, Mognis The ACTH content of thus preparation 317-51
is very low, according to Armour. S0 we have in effect been mjecting
some ACTH with thyrotrophun in that case That is certamnly true of
our preparation CA, which also contains ACTH

Drosman: ACTH alone has no effect on ™P uptake by the thyroid.

Gapoust: Have you tried the effect of adding ACTH to your thyro-
trophun?

Mason- We have tried adding propylthiouracsl to merease the sensi-
tivity, Our data on that are very scanty, but it does appear to increase
the sensitivity




30 GENERAL Discussion
ermrme T ﬂmuoht some of your lines weren't"qute straight. It

between responses beta
gave straight hines. I
your results
DEDMAN: We've done some statistics on these lines and slso ratio
T ~A <+ canma tn he all right (or the cenlre of
" = onse, sand if you take the
)ld increase in the dose over
- ~paration which Dr, Mason
) *m used to computing them

—not $p
MacLacan: I would like to ask about the technique of the counting.
¥ motenad that in the two methods m which the thyraids are dissected

Tather

" '

doat, and T am not sure that one gels JHuw su e
the Tesult as percentage of the dose mven. One 1s always concerned
with what the control values ate, and it doesn’t seem to me to matter
what unsts you use, pi they are dard for your exp
conditions,

Crooxk: I think that’s a very important pant 1n connection with
"P because of 1ts soﬂ emussion. The advantage of using the chick
- wmrr et that the amount of radiation absorbed

" *  thyroids from the ten

' ’ » coverslip.
id you get a reasonable

nore complicated.

. ' up with those of
" . .ysectomlzed rat?
" ' P work,

y L . the same armal?

RO . . W very rough guess,
[ i °t go furthet than
b . - 1 see how you can
get any comparison.
R, Morrus: Sayers assayed some 317-51 by his I method and
the same sensttivity.

sLoas s avtrantion
v ltra-
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Crooke: It's only in the last fortnight that we've tried extracting
unne and I think probably it’s a httle too soon to say anything

Burr We haye tried your kaolin techmque, but T woulin’t hke to
say that we have extracted thyrotrophin.

‘Cor+ Might I suggest that 1n this extraction you should not forgct
the benzore acid method, to me by 11
Quart, J. Med., 1938, 7, 151). It seemed to recover quantitatively thyro-
trophin added to unine. That doesn’t prove it gets the natural substance
out, of course

Burr: We have tried benzoie acid, and we obtained rather toxic
extracts.

Core: You would if the urine was old. It's not toxic with fresh unine.

AsTwooD, Dr. Trikojus, who has recently been with us, has found that
sometimes the benzoic acid method does not work. What the variable
18 he wasn’t able to determune.

Gappun. There’s probably not much chance of any of these methods
working when applied to blood Has anyone any expenence of De
Ttobertis’ method using tadpoles?

LoraiNe Dr. Rawson has tried to repeat De Robertis’ method and
has been unable to do so. He said that its chief difficulty was its lack
of speeificity he obtained similar results from injecting saline as from
njecting so-called active preparations,

Gappuxr But the tadpole hasn't had a chance yet to show its possi-
bilities.

Lorave I don't think so I don’t think anybody apart from Dr.
D’Angelo is doing that assay.

Astwoon Have any of these mmvestigators noted whether
corticotroplin given with the thyrotrophin would interfere with the
thyrotrophic response?

C. J. O R Morris' The ACTH content of tlus preparation 317-51
15 very low, according to Armour So we have in effect been 1njecting
some ACTH with thyrotrophin in that case That 1s certamly true of
our preparation CA, which also contamns ACTH.

DEepvaN ACTH alone has no effect on P uptake by the thyroid

Gappun- Have you tried the effect of adding ACTH to your thyro-
trophin?

MasoN We have tried adding propylthrouraeil to increase the sensi-
tvity  Our data on that are very scanty, but 1t does appear to mncrease
the sensitivity,
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Mason: No, I was merely thinkug of D’Angelo’s work on the chmical
side, ivhen he reported several high levels of TSH in pattents with acro-
megaly.

Gapoum: Have you any ides what is the mavimum amount of growth
hormone or ACTH which should be allowed 1n standard preparations
of TSH? -

L: They should be completely free 1f possible.

Gapptar ACTH i5n’t so easy to'get nd of.

Li: I think 1t can be more easily removed than GH, since the major

- ted the
)

Mason- 1t is on our programme.



Part I}I—»Gonadatroplzins and Prolactin

EFFECTS OF CHORIONIC AND EQUINE
GONADOTROPHINS ON HYPOPHYSECTOMIZED
IMMATURE RATS

R. MORICARD

Tue standardization of gonadotrophins sets a difficult
technical problem. We have investyzated here the effects
1induced by chorionic and equine gonadotrophins on immature
female hypophysectomized rats.

At the third conference on hormone standardization wlich
took place at Geneva in 1938 under the auspices of the Hygiene
Orgamization of the League of Nations, Evans (1939) was
the only one to suggest the use of the immature hypophysccto-
mzed female rat. He took as the criterion of gonadotrophe
activity the increase in weight of the ovary.

All the other bers of the i for standardization
used for therwr biological trials i ls which were
not hypophysectomized. Usually \agmal keratinization and
ovarian luteimzation were taken as criteria, according to the
techmque of B. Zondek (1926). Two standards were estab-
lished one for the choriomie gonadotrophin discovered by
Aschherm (1926) 1n the urine of pregnant women; and the
other for the equine serum gonadotrophm discovered by
Cole and Hart (1930) m the scrum of pregnant mares.

Since 1929 the work of Evans and Simpson has shown that
gonadotrophie extracts of the anterior pitwitary have a
different physiological action from choriome gonadotrophins.

The Effects of Hypophysectomy in the Rat, using
P. E. Smith’s Technique
The rats that we have used are a little hghter than the

Wistar rat. They were fed on “Ratigen” (a powder, com-
narable +0 fallato of Pormmna Chowt withant addad ewl.
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In these rats the vaginal opening ususlly appears when
they weigh about €0 g., and the first keratinization when they
weigh about 90 g. In the immature rats weighing 50 g. the
ovary weighs about 5 mg.; there are already follicles with
cavities, but no corpora futea.

Tt 15 customary to consider that P. E. Smith’s hypophysec-
tomy 1s » total hypophysectomy, and 1t is often forgotten
that Smith (1930) stated on p. 210, footnote 2, of his papex:
“In my operations upon the pitwtary the pars tuberalis has
in no case been removed, ‘Hypophysectomy’ meaning, in
accordance with cominon usage, the removal of the anterior
and the posterior (intermediate and neural) Jobes. The
pittary stalk 1s also lefl intact.” The pars tuberalis is
embryologically an expansion of the pars anterior, and in the
strict sense, the “hypophysectomy” of the rat is systematically
incomplete,

In carrying out P. E Smuth’s “hypophysectomy”, we have
preferred the sub-thyroid route suggested by H. Selye. Since
1945 we have carried out “hypophysectomies” on 109 adult
female rats and 77 immature rats, to mvestigate the effect
on ovogenesis and meiosis (Moricard, 1948; Monicard and
Gothie, 1949), We thunk that studying the base of the skull
with a bi lar Joupe is inadequate for determining the
absence of anterior hypophyseal remnants. If there 15 2
small remnant in the trephine opening or 1n the neighbour-
hood of the caratids, 1t 15 not detected in the examination
of the base of the skull. To detect hypopliyseal remnants &
series of sections from the base of the skull are necessary.
We have established that frontal sections are preferable to
sagittal sections, The base of the brain and the sphenoid
are lifted up en bloc and the trigeminal nerve cut. The block
is stained ir {ofe with carmine, and is cut and mounted as 2
complete series. It is at the level of the vascular hypophyseal
carotid pedicle that the antenior hypophyseal remnants are
most often seen.
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Effects of Gonadotrophins on the Hypophysectomized
Adult Female Rat

1t is well known that in the adult rat of about 100 g. which
has been hypophysectonized without an anterior hypophyseal
residue, there 15 no vaginal keratinization, the weight of the
ovary remaims around 12 mg., and histological examination
shows the persistence of the corpus luteum, as Smith estab-
lished. If there 1s an anterior pituitary residue, the corpus
luteumn regresses and the ovaran weight may be less than
12 mg. If the residue 15 greater than 10 per cent of the
weight of the pitwitary, some follicles enlarge, new corpora
lutea are formed, and the ovaman weight can be greater than
12 mg. Owing to these varations the ovary of the adult rat
15 poor material for recognizing easily the effects of hypo-
physectorny. If complete hypophysectormes have been
carnied out successfully (verified by studying the base of the
skull) 1t 15 possible to induce vaginal keratinization in the
adult hypophysectorzed rat with doses of 10-50 1u. of
chornome gonadotrophin or equine gonadotroplun, njected
over 6 days, the amimals bemg killed 144 hours after the
beginming of the treatment

The Effect of Hypophysectomy in the Immature Rat

Some effects of hypophysectomy on the ovary of the
immature rat have been studied by H. Selye. In 1949, during
one of the author’s visits to Columbia University, P. E. Smuth
drew attention to the fact that he had not studied the effects
of hypophysectomy on the ovary of the immature female rat.

(@) Stabibzatwon of Body Weight. The operation 1s done
when the ammals weigh approximately 50 g, If, after
operation, the weight of the amimal increases by 20 g. or
more, the hypophysectomy 1s certamly incomplete; this has
been observed with residues consisting of from 2-7 per cent
of the anterior pitmtary. If the weight imcreases by less
than 10 g.. or 1f 1t 15 stable, or even if 1t decreases, complete
absence of an anterior pitwitary residue 1s very probable,
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In these rats the vaginal opening usually appears when
they weigh about 60 g., and the first keratinization when they
weigh about 90 g. In the immature rats weighing 50 g. the
ovary weighs about 5 my.; there are already follicles with
eavities, but ne corpora lutea.

1t is customary to consider that P. E. Smith’s hypophysec-
tomy is a total hypophysectomy, and it 1s often forgotten
that Srmth (1930) stated on p. 210, footnote 2, of hus paper:
“In my operahions upon the pituitary the pars tuberalis has
in no case been removed, ‘Hypophysectomy’ meaning, in
accordance with common usage, the removal of the anterior
and the posterior (intermediate and neurai) Jobes. The
pitwtary stalk is also feft intact.” The pars tuberalis is
embryologically an expansion of the pars anterior, and in the
strict sense, the *hypophysectomy™ of the rat is systematically
incomplete,

In carryingout = 7 7 77 i ~ tehave
preferred the sub- Sinee
1945 we have car ) adult

female rats and 77 ymmature rats, to investigate the effect
on ovogenesis and melosis (Moncard, 1948; Moricard and
Gothie, 1949). We thnnk that studying the base of the skull
with 2 bi lar loupe is deq for determming the
absence of antemor hypophyseal rerminants. If there is a
small remnant in the trephine opening or in the neighbour-
hood of the carotids, it 15 not detected in the examination
of the base of the skull. To deteet hypophyseal remnants o
series of sections from the base of the skull are necessary.
We have established that frontal sections are preferable to
sagittal seetions. The base of the brain and the sphenod
are hited up en bloc and the tngeminal nerve cut.  The block
1s stamed  tofo with carmune, and 1s cut and mounted as a
complete series. It is at the fevel of the vascular hypophyseal
carotid pedicle that the anterior hypophyseal remnants are
most often seen,
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Effects of Gonadotrophins on the Hypophysectomized
Adult Female Rat

It js well known that in the adult rat of about 100 g. which
has been hypophysectomized without an anterior hypophyseal
residue, there 1s no vagmal keratimzation, the weight of the
ovary remams around 12 mg., and histological examination
shows the persistence of the corpus luteum, as Smith estab-
lished, If there is an anterior pituitary restdue, the corpus
luteum regresses and the ovarian weight may be less than
12 mg. If the residue is greater than 10 per cent of the
welight of the pituitary, some follicles enlarge, new corpora
lutea are formed, and the ovarian weight can be greater than
12 mg. Owing to these vanations the ovary of the adult rat
1s poor matenal for recogmzing easily the effects of hypo-
physectomy. If complete hypophysectomies have been
carnied out successfully (venfied by studying the base of the
skull) 1t is possible to induce vaginal keratimzation in the
adult hypophysectormzed rat with doses of 10-50 1u of
chonionie gonadotrophin or equine gonadotrophin, injected
over 6 days, the anmnals bemng killed 144 hours after the
beginming of the treatment

‘The Effect of Hypophysectomy in the Immature Rat

Some effects of hypophysectomy on the ovary of the
mmature rat have been studied by H. Selye. In 1949, during
one of the author’s visits to Columbia University, P, E. Smith
drew attention to the fact that he had not studied the effects
of hypophysectomy on the ovary of the immature female rat

(a) Stabibzatwn of Body Weight. The operation 1s done
when the ammals weigh approximately 50 g. If, after
operation, the weight of the ammal increases by 20 g or
more, the hypophysectomy 15 certamly incomplete, this has
been observed with residues consisting of from 2-7 per cent
of the anterior pituitary, If the weight mcreases by less
than 10 g, or1f 1t 15 stable, or even if 1t decreases, complete
absence of an anterior pituitary residue 1s very probable,
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but is not cerlain—anterior pituitary residues are sometimes
poorly vascular or lightly coloured, and in these conditions
the weight of the animal becomes stable, or even regresses, as
if the removal of the anterior pituitary were complete.

(b) Regression in Weight of the Quary. At the time of
hypophysectomy the ovarian weight is about 5 mg.; 15 days
after hypophysectomy the ovarian weight is in the neighbour-
hood of 2 mg.; and 80 days after hypophysectomy the ovarian
weight is about 1 mg. (see Table I). The variations in weight
are quite 1mportant. If one considers the weight of the
ovary in an animal of 50 g., 1t is apparent that the following ~
Ov, X 50

W,
of hypophysectomy; and Wy=the weight of the rat at the
time of removal of the ovary) mcreases when the weight of
the rat is less than 50 and decreases when the weight is more
than 50. With animals which are too hght or too heavy, this
ratio is debatable. In our experience, the above ratio is
between 0-6 and 1-8 1n ymmature rats in which the anterior
pituitary residue is below 5 per cent of the weight of the
pituitary. Thirty days after hypophysectomy, ovarian weight
1s relatively stable, and the ratio is in the neighbourhood
of 1. Histologically, there is no formation of cavities in the
follicles, whose diameter 1s usnally under 280 .

ratio, (where Ov;=ovarian weight on the day

Effects of Chorionic Gonadotrophin on the
Hypophysectomized Immature Female Rat
' Of the 12 rats used, four had only a partial hypophysec-
tomy: in a rat which had gained 22 g. and one which had
gained 17 g., mn frontal section there was an anterior pituitary
remnant which had a maximum surface of 0-1 mm.% in
animal No. 1052, which gained only 2 g., a remnant of 0-08
mm.? was found; and in animal No. 1098, which had gained
5 g., a residue of 002 mm.? (Table I).
In these 12 “hypophysectomized” animals, from 1 to 500
iu. chorionic gonadotrophin were injected, adminstered in
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4 or 6 injections. The anmmals were killed 24 hours after the
last injection. At the beginning of the experiment all the
animals had closed vagine. It was found that hypophysee-
tomized animals with an anterior pituitary remnant whose
maximum surface in frontal section was 0:1 mm.? or less,
behaved as 1f the anterior hypophysectomy were complete.

With doses of I to 50 international umts* thereisnoincrease
in follicular diameter: the mean follicular diameter before
treatment bemng 225 p, and after treatment 150 g, After
treatment with 50 Lu. choriome gonadotrophm, ovarian
weight can increase as much as four times.

With doses of 500 1.u. in three ammals there 1s an increase
of about 100 z m follicular diameter, with no cavity formation
in the follicles and no formation of a corpus luteum.

A constant result with doses of 2 to 500 1.u. 1s an increase
1 size of the interstitial cells. There 1s hypertrophy of these
cells without hyperplasia. There 1s no vaginal keratinization
and no increase 1n uterine weight, which remains at approxi-
mately 27 mg. There 1s, therefore, no seeretion of cestrogen
by interstitial ovaman tissue hypertrophied under the
wnfluence of choronic gonadotrophm.

Effects of Equine Gonadotrophin on the Ovary of the
Hypophysectomized Immature Female Rat

Of 13 hypophysectomized rats, four had anterior hypo-
physeal residues, and of these, two had gained weight and
two lost (Table II).

The results obtained by treatment with equine gonado-
trophin are related to the dose, to the duration of treatment
(96 or 144 hours), to the presence or absence of an anterior
pitwitary remnant (even a very small one) and to the time
after hypophysectomy. From 2 to 50 international unitst
were njected.

With 2 or 5 i.u. the increase in weight of the ovary is very

*Tlus expenment was carried out with the original internations] standard

tA part of this experiment was carmied out with the onginal international
standard.
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40 R. Moricarp

slight. With doses of 25 i.u., the vagina may remain closed,
in which case the weight of the ovary is increased 4-§ times.
There is a very marked interstitial response. If follicular
cavities are formed, there is an increase in uterine weight,
demonstrating the existence of an cestrogenic action; if there
is no cavity formatijon, the uterine weight does not increase.

With doses of 50 i.u. in four injections, the animals are
killed 96 hours after the first injection. This follows the
technique which we used for standardization 1n the immature
rat. If the hypophysectomy is recent (6 days), the vagina
opens and keratinization of the vagina can be seen. On the
other hand, if the hypophysectomy is old (86-38 dnys) the
vagina remains closed. Utenne weight mcreases if there is
follicle formation. !

With doses of 50 1.u. in six injections, the animals are killed
144 hours after the first injection. In these animals equine
gonadatrophmn stimulates cestrogenic effects, secondary to
follicle development and cavity formation. In rats hypophy-
sectomized less than 80 days previously there can be forma-
tion of & corpus luteum. In a rat of 68 g., hypophysectomized
72 days previously, the weight of the ovary was 08 mg.,
and after treatment it was 5-5. There was interstitial
hypertrophy, but no follicle development, and the uterus
remained atrophic; 1t weighed 36-5 mg. Thus isolated result
confirms the faet that cestrogen secretion does not necessarily
accompany interstitial ovarian hypertrophy.

Discussion

It 1s well known that in the adult and immature hypo-
physectomized rat, pituitary extracts are able to stimulate
follicle development, maturation of the ova, ovulation, and
formation of a corpus luteum.

Gonadotrophic extracts from the urine of pregnant women
(chorionic gonadotrophin) in the adult hypophysectomized
rat stimulate cestrus and produce keratinization of the vagina,
but not follicle formation. On the other hand, in thé im-
mature hypophysectomized rat there js hypertrophy of the
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Fio 1 FEffects of gonadotrophims on the immature hypophy-
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DISCUSSION

GApDUM. How are these results related to work on the separation of
the gonadotrophins in pituitary extracts?

R. Moricarp Our extract was made from the hypophys:s of the bull
and contamed both follicle stimulating and lutemizing factors, without
separation

Rosson Can these vanous changes, lustological and n yaginal hera-
tinization, be explamned 1n terms of various amounts of two fractions?

R. Morucanrp: T don’t think that 1t 1s the explanation, that there are
two kinds of substance in the extract of pregnant urine or wt equine
gonadotrophin I feel that we should think 1n terms of the response of
the ovary. In using hypophysectomized immature rats, you do not
make the mistake of having corpora lutea in the ovary; and if you have
no corpora lutea m the ovaries you have no eestrus  The response also
depends on the tune after hypophysectomy and the amount of pitwitary
tissue remaining, It seems to me that it is better to try to understand
the difference n the response of the rat by thinking about the target
organ, the ovary, than by tryng to think tn terms of different pharma-

d of several .

Gappinr 1lave you done any expenments in which the animals first
recerved serum gonadotrophin 1n order to form follicles, and then
choriome gonadotrophin afterwards to see whether 1t would hiberate
cestrogens?

. Moricarp: Yes, we have tried experiments m five or six animals,
but 1t 1s very complicated because the response of the immature ovary

P . : - .
follicle which 1s able to respond to the chorionic gonadotrophin.
Rowranps: Did you observe the occurrence of ovulation after the
injection of pregnant mares® serum?
R. Moricarp I am not sure. e made sections of the ovary and also
of the tube. We have never seen ova in the tube, but we have obtalned
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some corpora lutea without oocytes, It is possible that in some casey
we have induced ovulation, but 1t is not certain.

Rowranns. That confirms some experuments which T did 1n colla-
boration with P, €, Wilhams some years ago  Hypophysectormzed rats
(5 days or 7 days nfter the operation) were injected with pregnant
mares' serum; we got a very high level of follicular growth but few if
any of the follicles ovulated ~ By then injecting choniotue gonadotrophin
we could fiberate eggs at will.

F. Moricarp- How many days betucen the two injections?

Rowranns. The chononic gonadetrophin was injected 4 or 5 days
after the injection of pregnant mares’ serum, 1¢, about ten days after
hypophysectomy.

R Moricarp Our results agree with tlas  As shown 1n aur table, in
animals hypophysectomized for 5 or 6 days growth of the folflicles was
very easify produced with equine gonadotrophin, But if the same
equine gonadotrophin was injected mto animals which had been
liypophysectormzed for more than a month, it was not posable to
produce much growth of the follicles. If you study the biometric
curve of the regression of the weight of the ovaties you can obtain a
level of 1 mg. ovanan weight only after one month  For me an amimal
lypophysectomized for only 6 days 1s not a truly hypophysectomized
ammal,

Loraise Did you notice ovanan hyperxnua i any of vour experi-
ments®

R. Moricarp Yes, there 1s a very great hyperemia of the ovanes
The ovaries were very red.

Lorarxe- That was with chononic gonadotrophin?

R Mowricarp Yes



CHROMATOGRAPHY OF URINARY -
GONADOTROPHINS

W. R. BUTT and A. C. CROOKE

TuE excretion of gonadotrophins by women with functional
amenorrhoea during the reproductive period of life is some-
times within the normal range for menstruating women and
sometimes it rises to the levels found 1n women past the meno-
pause. When it is measured daiy it may be observed to
fluctuate in 2 manner resembling the normal periodic fluctua-
tion during the menstrual cycle.

This study was undertaken to investigate whether any
qualitative changes occur in the gonadotrophins exereted by
women with amenorrheea and with normal cycles. It was
subsequently extended to women past the menopause and
during pregnancy.

Since the mouse uterus assay does not differentiate quali-"
tatively between follicle stimulating and luteinizing effects,
the fractionation of urinary gonmadotrophins was attempted
by chemical means.

Methods

The gonadotrophins were extracted from urine by the
kaolin adsorption method of Dekanskx (1949) and then
treated by the ch ibed by
Swingle and Tiselius (1951). Tricaleium phosphate was used
as an adsorbent, and it was prepared and mixed with five
parts by weight of hyflosupercel, as described by the authors.
The size of column finally adopted was 6 cm.X1-3 cm.

Sodium chloride solution and phosphate buffers were tried
as eluting agents, but the striking chzmges in the rate of
elution of protein for small changes in salt concentration of
the eluting agent, reported by Swingle and Tiselius, were not
repeated for gonadotrophins.

“
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The solutions finally chosen were disodium hydrogen
phosphate (Na,HPO,) (0002 ) and tnsodium phosphate
(Na,P0,) (0-02 m). The crude gonadotrophin prepared by
kaoln adsorption was reprecipitated from 80 per cent acetone
and then dissolved in a small amount of Na,JHPO,. The
soluble material was applied to the top of the column and
elution commenced with this solvent.

" In most cases two coloured bands appeared, the first being
eluted with the front, and the second remaming within
1 cm. of the top of the column. The first band was eluted
completely in about 15 ml. Na,HPO, This will be referred |
to as Gonadotrophin “A”. The solvent was then changed
to Na,PO,, which eluted the second band m a further 20
ml. It’will be referred to as Gonadotrophin “B”.

The columns were run at 20°C., and as quickly as possible,
using about 3 em. Hg pressure. They were completed n
7 to 8 hours.

The eluted maternial was then assayed immediately or
precipitated with acetone and stored mm a dry state until
ready for assay.

The advantage of this particular system 15 that the mild
adsorbents and aqueous media which are used are not likely
to affect the activity of the protein hormones

The mouse uterus assay described by Levmn and Tyndale
(1936) was used and a 100 per cent increase m uterus weight
was regarded as a positive response. For the assay of crude
gonadotrophins two mice were injected at each of three
dilutions. In some nstances the rat prostate method of
Loraine (1950) was used as a measure of luteinizing substance.

Results
The recovery of gonadotrophmns from the phosphate
columns was satisfactory. Crude gonadotrophin was assayed
by the mouse uterus method and known amounts applied to
columns. In four experiments the recovery of matenal in the
eluates was pl as faras b y could d ate
The gonadotrophins excreted by a normally menstruating
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woman were first mvestigated. Gonadotrophin “A” wa
present for one or two days early in the cycle and for par
of the luteal phase.  Gonadotrophin “B” was only recognizec
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during a bricf part of the luteal phase in three separate cycles
(Fig. 1). No lutemizing hormone has been demonstrated so
far by the rat prostate assay, but tis is probably because
jnsufficient material has been used. It is a Jess sensitive
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method partly because five animals have been used per level
instead of only two per level as for the mouse assay.

Two groups of women with amenorrheea have been inves-
tigated separately (Table I). The first group consisted of
six women whose excretion of gonadotroplins was m the
normal range of menstruating women. Their urine was found
to contain Gonadotrophin “A” only. The second group
consisted of six women excreting gonadotrophins i high
coneentration. Five showed Gonadotrophin “A” only, and
one Gonadotrophins “A” and “B”.

- Table I

Mousr UTERLs Assay
Jlmenorrhaea

Gonadotrophins wn range of normal cyele (<45 umts/24 br}

No of patients Gonadsirophss
6 R i -
in range of (>>45 units/24 hr )
No of patents (;Z‘ﬂadumrlh%u
H ++ -
! ++ +

Five women who had passed the menopause have been
examined (Table IT). Therr urme was found to contain a
high concentration of Gonadotrophin “A”. One preparation
contained Gonadotrophin “B” and two others probably con-
tained Gonadotrophin “B”. 1In the latter only half the
ammals showed positive responses and there was not sufficient
material for further assay

These results eontrast with the urine in pregnancy. Eleven
patients have been examined and 1t was found that Gonado-
trophin “B” was generally present in high concentration
(Table TI) Gonadotrophin “A” was also present 1n urine
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Table 11
Mouse Urenrus Assay
Menopause
No of patients G;meoph};"
2 . N -~
2 . FH+ 74
! . i ¥
Pregnancy
No of patients CGonadatrophtns
6 . + +44
4 .. - +++
1 n )

“Showed a cfassical A-Z ovarisn response

up to the third month of pregnancy, but not in International
Standard Chorionic Gonadotrophin. In one case no Gonado-
trophin “B” was detected by the uterus techmque, which is
relatively less senslhve to lutcmlzmg substanee, but the
mice showed the cl 1 Aschh Zondek ovarian resp

On three occasions the separate fractions from pregnancy
urine were assayed by the prostate method. Some activity
was observed mn Gonadotrophmn “A”, but more than four
times the amount in Gonadotrophin “B” on two occasions.
It is possible that these columns were overloaded, since little
is known yet of their capacity. The possibility of conjugated
androgens being present must also be considered.

Discussion

These observations represent some of the results of a more
comprehensive study of menstrual disorders of women. They
are still incomplete and nothing more is claimed at present
than that two gonﬁdotrcphic substances with different
chromatographic properties can be recognized. Gonadotro-
phins “A” and “B” have not been demonstrated as diflerent
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hormones. They may be the same hormone attached to
different proteins or, as Swingle and Tiselius have suggested
in some of their work on other proteins, the second band may
be material left as a tail behind the first band and subse-
quently picked up by more concentrated phosphate, It is
remarkable, however, that the relative concentration of the
two substances varies strikingly between the urme of preg-
nancy and the menopause; an observation that suggests
that we are dealing with different hormones. If this is the
case, we think we shall be justified in using an unspecific
assay on the two fractions.
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DISCUSSION

Lx: Have you nuxed the menopausal and pregnancy urnes together
and put both on the column and stll obtained these different bands?
- Burr No, we have not muxed them.

L1 You get your gonadotrophin B from pregnancy urine. If you
put your B back on the same column, does 1t still come off as B> You
don't get any more A?

UTT. No, it all came out in B
. L1 This would seem to indicate that A may be the follicle-stimulating
factor.

Lt Itis generally known that menupausal urine 15 manly follicle-
f the ¥ factor, then your

menopausal urine has some lulelmzmg factor.
CrookE" Yes, sometimes.
L1 And mamly lutermzing factor in pregnancy urme?
BuTT: Yes
Rosson, Have you made any observations on the ovaries of these
ammals and tried 1o correlate your findings with the presence of these
two fractions?
utT No, we've only worked with the uterus, except in one case T
BroassaY
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mentioned where we had an AZ reaction n the ovary and no uterine
response.

Ronsox: You should be able to correlate the exceptions in your A
and B with exceptional changes 1n the ovary, if you really have tno
functionally different fractions.

Astwoob: Wouldn't you expect that if you did have pure Juteimzing
hormone of hypophyseal origin that you would get no response in the
mouse uterine werght assay? .

Burt: All I can say 1s that we find that the mouse uterus 1s not very
sensitive to chorrome gonadotrophin, We need a dose of at least 1011
to be sure of a positive uterine response. -,

Astwoon: But I would think that n the case of pituitary lutemnizing
hormone there would be no response whatever. Is that not nght, Dr. Lt

L1 No, I don’t think so. If you inject erther ICSH (as we call it) or

g urine gona in normal mice you should get the
cestrous uterus, but you do not get 1t 1n these hypophysectomized rats
unless you mject immediately after operation. That 1s the differentiation
which Prof Moricard emphasized When you mject gonadotrophm into
an antmal after hypophysectomy the picture 1s entirely different from
that obtamed by mjection two weeks after the operation That 1 due

RIS

1n the blood stream has disappeared. Then you have only the eftect
from the pregnancy urne gonadotrophun; that s to say, only interstitial
cell hypertrophy, but no follicle formation,

R Monicarp: I was very surprised that you use the uterus for titrat-
Ing the luteimzing factor. My assistant, Mlle Gothie, who 15 a bio-
chemiist, studied some years ago the effects of ultracentnfugation on

gona d we ob d an extract that produced
corpora lutea formation in the ovary of the immature mouseAWIt.ht.)'l‘l’t’

chnical conditions.

- Ti3 3 L ol4he 3 easentan wnbg saying
" re most
. yonado-

trophin? .
Burr: Yes, 1n pregnancy. But we have also recogmized gonadotrophin
B in the luteal phase of normal women. .
Li: I would hike to mention some recent expeniments which Dr, Moon
and T have done, using the ighly purified folhcle-stimulating hormone
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in male mice. If neinject up to 12 5 my. of our very pure follicle-stimu-
lating hormone into normal mice, we get no microscopic change in the
testes. In female mice the uterus showed greater sensttivity to hormone
injections than did the ovaries.

SEGALOFF: Is 1t then follicle stimulating, Dr. Li?

Lx. Yes, it is follicle-stimulating hormone, Probably our results with
mice can be explained by a quantitative difference in response between
monse and rat ovary. Crit might need the presence of other hormones
to form the follicles, perhaps thyroxine.

R. Moricarp: What 1s the response in the rabbit ovary when you
nject the hypophyseal follicle stimulating factor?

L1+ We have never injected rablats with our purified fraction In the
rat we know that it 15 purely follicle stimulating, having no effect on
the uterus except 1n very high dosage.

Ropson: Have you ever tried so-called pure luteimzing fraction in
the hypophysectomized rabbit, and tried to maintain the corpus luteum?
There you have an 1deal test object for testing your so-called pure
luteimzing hormone

L1, So far, there 1s no evidence that luteinizing hormone (inter-
stitial cell stimulating hormone) maintains the corpora lutea

Romson: You suggest this 1s entirely different?

Lt Yes I thik Dr Astwood probably has some 1deas on the main-
tenance of corpora lutea

Astwoon: If I speak to that question I'Il use up my own paper for
this afternoon.



PROBLEMS IN THE CLINICAL USE- OF
GONADOTROPHINS*

F. MORICARD

THE clinical use of gonadotrophins sets problems of dosage
which are difficult to resolve. Gonadotrophins can induce
follicle development m subeutaneous human ovarian grafts.
A therapeutic result can be presumed from statistical study
of pregnancies which have appeared in sterile subjects.

We have mvestigated especially the therapeutic action of
equine gonadotrophin in human sterility. -

History and Problem

1In 1926, B. Zondek showed that hypophyseal implantations
induce follicular development and cestrus in the immature
mouse; 1 1927, Aschheim produced proof of the elimination
of gonadotrophins 1n the urme of pregnant women; and in
1930, Cole and Hart established the presence of a gonado-
trophic hormone 1n the serum of pregnant mares.

In the therapeutic use of these gonadotrophins, the essential
problem has been to determine what dose can mduce folicle
development in the human ovary. In 1935, R. Moricard
produced an crease 1n the volume of ovarian grafts in the
vulvee 1n women, after an injection of chorionic gonadotrophun.
In 1935, B. Zondek observed hamorrhagic follicles 1n the
ovary of a woman aged 30 who had received 26,500 rat units
of chorionic gonadotrophin. In 1948, L. Claesson, B. Hogberg,
Th. Rosenberg and A. Westman observed human follicles
wiich developed after the injection of 86,000 international
units of chorionmc gonadotrophin. In the observations of
B. Zondek and of L. Claesson a previous examination of the
ovary could not be made,

“Université de Pams. Work of the Centre de Stérilité de Ia Chnique Gynéco-
Jogque, Hopital Broca, 111 rue L M. Nordmann.
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Qur work was carried out on: (1) endocrine activity and
periodicity of follicular development in human ovarian
grafts (Douays techmque), (") the posclo«r) of follicular
y by equine gonadotrophin, in
sub-publc ovarian grafts (study of nine cases); (3) the results
of discontinuous and intermenstrual treatment of sterile
women with equine gonadotrophin, injected in doses of
about 2,400 international units,

Study of the Ovarian Cycle and Grafts in the Vulva

From 1929 to 1932, Douay, at the Gynzceological Clinie
m Paris, recommended the systematic grafting of two pieces
of ovary under the skin in the pubic region after hysterectomy,
n order to avold the troubles of castration In 1932 he
‘was able to assemble 23 observations. He showed that if the
woman was less than 35, a few months after the graft the
neuro-vegetative disturbances of castration were disappear-
mg, and the ovarian grafts enlarging periodically.

We have recorded that with functional ovarian grafts
atrophy of the vulva following castration does not occur.
Proof of follicular development in grafts can be demonstrated
by puncture which withdraws some 3 i, of folhcular finid.
This flud is at first yellow, but can become hemorrhagic.
In cases where grafts have been used 1n 2 woman with a
uterus in situ, modifications of the mucosa of the body of the
uterus occurred. In particular, a differentiation of secre-
tory activity of the mucosa takes place durmg the luteal
phase. Ths 1s proof of the luteal function of ovarian grafts.
Follicular development n grafts takes place for only a few
years, then ceases.

From the technical point of view, palpation allows the size
of the ovary to be recogmized, and puncture demonstrates
the presence of the follicular growth.

Injections of Gonadotrophins and Stimulation of
Follicular Development in Sub-pubic Ovarian Grafts
We have made an approximation between our rat wmts
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and the international standard units, and can thus express
approximately our results in internafional units.

In three patients in whom grafts were inserted in 1931 and
1932, after a period of spontaneous function, there was no
development of follicles for three to six months, In these,
development of follicles 1n the grafts could be stimulated by
gonadotrophin treatment. This has been demonstrated by
the presence of follicular fluid, withdrawn by puncture.

In one case, the doses used to stimulate follicular develop-
ment were mcreased progressively. In 1983, it was possible
to obtain follicular development with a dose of the order of
800 r.u. of chorianic gonadotrophin. In 1983, a dose of about
850 i.u. of chorionic gonadotrophin was necessary to obtaitt
the same results, In 1936, with a dose of about 4, 000 1. of
equine gonadotrophin, two ive follicular developments
were produced by one single hormonal treatment. In 1937,
a dose of nbout 20,800 Lu, of equme gonadotrophin did not

timul devel

In six patients with gmfts which had not yet bccn the slte
of periodic follicul veloy a sngle g
treatment incited ve folhenlar devel T ts, which
took place for 23 months, 20 months, 10 months, 6 months
(two cases) and 5 months, respectively. The dose used varied
between 300 1.u. choriomc gonadotrophun and about 12,800
iu, equme gomdotrupl\m The dose necessary to stimulate
folhcular devel ded on the age of the graft.

These results ndicate that a single treatment of 2,000-8,000
iu. equine g dotrophin is able to stimuk recurnng
follicular development for several months. The establishment
of this fact has been the basis of a discontinuous hormone
treatment with equine gonadotrophin m certmin cases of

sterility.

Discontinuous Intermenstrual Hormone Treatment of
Gertain Functional Cases of Sterility with Equine

Gonadotrophin
The indication for hormonal treatment in unintentional
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sterility is difficult to establish. It is necessary first to rule
out a marital cause (absence of spermatozoa i the vagina,
the cervix or the uterus), an anatomeal cause (tubal patency
negative), an infectious cause (exo- or endo-cervicitis), or
an endocrine cause, as shown by repeated biopsy and men-
strual examinations,

When 1t seems from the means at our disposal to be a matter
of functional sterility, probably of ovular origin, 1t 15 1mpos-
sible to demonstrate clearly whether there 1s: (a) absence of
production of ovule, (b) absence of fertilization of the oocyte
of the second order; (c) early degeneration of the fertihzed
egg; or (d) failure of implantation of the egg.

Out of 283 couples, sterile for more than two years, we
selected 41 patients as being susceptible to gonadotropluc
treatment. They were selected on the basis of sperm examina-
tion, tubal patency and luteal function (cytology of uterme
mucosa) In 15 of these 41 women biopsy of the endometrium
showed a shight anomaly of luteal function, indicated by the
fact that the pre-menstrual endometrnal biopsy after alcoholic
fixation showed basal glycogen instead of the lucid zone
(which could be interpreted as delay m the formation of
the corpus luteum) or there existed a partial differentiation
of connective spines (these are covered by epithelial cells
and protrude mto the lumen of the glands), or spiral arterioles
were not present (which can be mterpreted as mdicating an
msufficiency of progesterone secretion).

On the basis of temperature records and the appearance
of the cervical secretion, 1njections are made between the 5th
and 12th day of the menstrual eyele; 400 1.u. equine gonado-
trophin* are injected intramuscularly each day for six days.
The total dose injected 1s usually 2,400 iu.; the mmimum for
this series of patients was 1,200 1.u. and the maximum 3,200
L. At doses of 1,000 to 5,000 nu. equine gonadotrophin
the treatment is well tolerated, but with hlgher doses we
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have observed some side effects (asthenia, hyperthermia).
An interval of two to three months 1s left between each
treatment.

From 41 cases of sterihty treated in this way, we have
obtained 22 pregnancies and 19 failures. Of the 15 women
with abnormal luteal function included in this group, there
were g pregnancies, and 6 failures. Of the pregnancies: 10
women became pregnant mn the first month of treatment; 6
women menstruated agam after the treatment before becom-
ing pregnant; 4+ women menstruated twice after the treatment
before becoming pregnant; 1 woman had 4 menstrual periods,,
and another 5 before becoming pregnant. Of particular
mterest were the 12 women who remained sterile durimg and
immediately after the gonadotrophin treatment and had
one or more menstruations before pregnancy occurred. -

The results obtamed indicate that discontinuous and mter-
menstrual gonadotrophin treatment stimulates: first, follicular
development {more or less abnormal); then, in the following
cyeles, the production of an oocyte of the second order, giving
an egg capable of segmentation and of normal implantation,
provided there 1s good luteal function. This can explain the
time which separates hormonal treatment and the appearance
of pregnancy. -

Conclusions

We have established that one single hormonal treatment,
mjection of equine gonadotrophin, can stimulate (at least
in ovarian grafts m the vulva) pcriodic development of
follicles, continuing for several months. Out of 283 cases
of sterility, after mvestigating spermatic, tubular and luteal
functions, we have treated 41 patients with a discontinuous
and ntermenstrual treatment of 1,200-3,200 nu. equine
gonadotrophin. In these 41 patients we have obtained 22
pregnancics. These results can be interpreted as showing
that injected equine g dotrophin prod several sue-
cessive developments of follicles, one of which is accompanied
by the production of an udeyte of the second order, with the
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formation of an egg whose fertilization is followed by a normal
pregnancy. -
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DISCUSSION

RopsoN: That’s even more important, 1sn’t 1t, than the histological
changes?

F. Mortcarp: No, by studies of the uterine mucosa I wanted to prove
that we have secretion of cestrogen from the follicles and then proges-
terone. You can have 10n without the of eorpora
lutea.

Astwoon Might T ask whether the presence of the uterus, modified
the graft m any way?

F. Moricsrp: Not immediately

R MoricarD: In a case m which there was bilateral ovanectomy and

In the grafted ovanes we have generally only a growth of the follicles,
and 1t seems that the formation of corpus luteum may oceur, but not
generally,
Gapbuw What was the longest time these grafts went on working?
F. Moricarn Ahout three years. It depends on the age of the patient.
When the patient 15 very young the grafts function much longer



CLINICAL APPLICATIONS OF THE ASSAY
OF PITUITARY AND PLACENTAL
GONADOTROPHINS

J. A, LOR4INE

Tue gonadotrophic substances elaborated by the nnterio
pituitary arve the Folhicle-Stimulating ¥Hormone (FSH), the
Lutcinizing Hormone (LH) and Luteotrophin (ITH). A
with other anterior lobe hormones, modern advances in out
knowledge of the actions of pitwtary gonadotropuns have
stemmed from two main events: firstly, from the development
and perfection of techmques of hypophysectomy in expett:
mental anumals, demonstrating unequivocally the intimate
relationship of the pituitary to gonadal function; and secondly,
from the chemical fractionation, purification and character-
azation of the indivdual gonadotrophic substances, In the
clucidation of the chemical nature of these hormones, mention
should be made of the work of Fevold (1939), of Li, Simpson
and Evans (1940) and of Greep, Van Dyke and Chow (1942).
These substances are now known to be proteins of high
molecular weight and to contam sugar m their molecules, for
which reason they are commoniy referred to as glycoproteins.
Their actions have been studied extensively in normal and
hypophysectomized animals,

Assay of Pituitary Gonadotrophins in Clinical Practice
FSif and LH are known to aceur naturally in humans and
are the gonadotrophic substances estimated in men, non-
pregnant women and children. At present no available assay
method js sufficiently sensitive to detect these hormones
in blood and so far all studies have been conducted on urine,
tranted and concentrated by a variety of procedures,
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Most investigators have used either rats or mice as test
animals. Ideally assays should be performed on hypophy-
sectormized animals, so that the endogenous production of
gonadotrophins from the animal's own pituitary does not
interferc with the results.

Present methods of assay of FSH and LH are rather un-
satisfactory for a number of reasons, In the first place, no
international standard is available for comparison with
unknown preparations, and this necessitates expression of
results 1n arbitrary “rat” and “mouse” units, These animal
units are notorously variable from laboratory to laboratory,
and are also very unsatisfactory from the statistical point
of view. Seecondly, estimations are made, not of a single
substance, but of at least two different substances, present
in varymg concentrations at different times. Finally, the
quantities present in urine are usually very small, and elabor-
ate and tedious methods of preparation and concentration
are usually required. Such proced may lead to ider-
able loss of gonadotrophie activity and may render the final
extracts toxic to the experimental anmmals.

The extraction methods used have included aleohol pre-
cipitation (Heller and Ileller, 1939; Smmth, Albright and
Dodge, 1943), acetone precipitation (Frank and Salmon,
1935), uitra filtration (Gorbman, 1945; Jungek, Maddock and
Heller, 1947), tanme acid precipitation (Levm and Tyndale,
1937, Levin, 1941), and kaolin adsorption (Lorane, 1950q;
Dekansk1, 1949, McArthur, 1952). In this laboratory the
method mvolving adsorption on kaolin, elution with n/10-
NaOH and subsequent precipitation by acetone has proved
convernuent and satisfactory for the preparation of FSH and
LH from urme.

Of the very numerous assay methods employed for FSH and
LH estimations m clinical practice, it is proposed to mention
only two. These are the mouse uterus test and the test
involving enlargement of the ventral prostate in hypophy-
sectomized rats.

An assay method which has gamed wide populanty in
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America for the assay of FSH depends on the enlargement
of the ulerus in intact immature mice. Most centres use the
technique described by Klinefelter, Albnight and Griswold
(1943) or some modification thereof; results are expressed
m ““mouse uterine units” of FSH per 24 hours, a unit being
defined as that quantity necessary to produce a given effect.
This method is a very sensitive one, and gives positive results
with most urines It has been of undoubted value to the
clinician in differentiating primary gonadal failure from
gonadal failure secondary to lesions of the pituitary. In
primary gonadal failure, e.g., ovarian agenesis (Turner’s
syndrome} 1 females or sclerosing tubular degeneration
(Klnefelter’s syndrome) in males, large amounts of gonado-
trophm appear m the unme. The pituitary is apparently
stnving to stimulate unresponsive gonads. In pituifary
failure, e.g., Simmonds’ disease, on the other hand, quantities
excreted are very small indeed and gonadotrophic activity
may not be detectable even by this sensitive method.
Howard, Smffen, Simmons and Albright (1950) on the.basis
of this test have classified cases of hoidism in man mto
two groups those with a lugh urmary exeretion of FSH and
those with a low or normal excretion of FSH. Most cases
fall into the second category :

It should be emphasized, however, that the mouse uterus
test is at best a quahtative rather than a quantitative assay
procedure, and httle or no reliance can be placed on minor
fluctuations in gonadotrophin excretion m individual patients.
Moreover, it scarcely seems justified to equate the response
of the mouse uterus in FSH umts. Perhaps the term “total
gonadotrophins” would be more appropriate.

According to Greep, Van Dyke and Chow-(1942), the
enlargement of the ventral lobe of the prostate in hypophysecto-
ndrad vels is o umnpe test, w. that. s epecifie fon LE and is
not affected by FSH. Recently this technique has been
applied by McArthur (1052) as a method of assay of LH
suitable for elinical use. This method has a degrce of sen-
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test. Extracts prepared by the kaolin method are tested for
their FSH activity by the merease in testicular weight in
hypophysectomized rats and also by histological changes in
the testes. Preliminary studies using this method suggest
that menopausal women excrete both FSH and LH. In
normally menstruating women there are two peaks of LH
. excretion, one occurring at approximately mid-cycle and
the other in the late luteal phase just prior to the next
menstrual period.

Other methods of assay of LH attempted recently include:
radioactive phosphorus uptake of the ventral prostate
(Taymor and McArthur, 1952) and acid phosphatase con-
centration of the prostate in hypophysectomized rats
(Schaffenburg and McCullagh, 1951)

Bioassay of Chorionic Gonadotrophin

This hormone is elaborated by the chorionc villi of the
human placenta during pregnancy and 1s found in large
quantities in the blood and urine of pregnant women, and
also in such conditions as hydatidiform mole and chorion-
epithelioma, where actively proliferating chorionie tissue is
present. CG, in common with other gonadotrophms, 1s of
protem nature and belongs to the gioup of glycoproteins.
The hormone has recently been isolated.1n a purified state
(Katzman, Godfnid, Camn and Doisy, 1943, Claesson, Hogberg,”
Rosenberg and Westman, 1948) CG has a predominantly
luteinizing action, but it should be emphasized that 1t 1s a
different chemical substance from pitustary LH and should
not be confused with 1t.

An mternational standard 1s available for comparative
assay of CG, and all results should now be expressed
international units By defimtion, 1 i.u. 15 the activity con-
tained in 0-1 mg. of the standard preparation. The main
source of uncertainty in assays of CG has always been the
fact that each colony of animals is hiable to differ in sensitivity
from other colomes. This error 15 largely eliminated by the
use of & standard preparation. There is no longer any excuse
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for estimating CG in terms of arbitrary *rat” and “mouse”
units. Some of the methods used for the bioassay of CG sre
shown below.

ar Assay oF €

Primary effects ] Secondary effects
Corpora lutea (rats, rce) Utenne wesght {rats)
Ovarian weight (rats, nuce} Vamnal smears in intact or
Ovarian hyperemua (rats) vitaraun 1t deficient s
Ovufation 1 rabbits Semmal vesicles (rats)
Quulation m femaic toads Prostatic weight (rats)

(Xenopus leris)

Spermatogenesis in male toads

Tests can be divided nccording to whether the effect is
primary or secondary In the primary group the organs
inspected are the gonads themselves, while in the secondary
group the effects result from Iiberation of astrogens or
androgens from the gonads. Many of these methods have
considerable disadvantages when apphed to the quantitative
assay of CG in the blood and urine of patients, and it i3
unfortunate that many early investigators in this field
estimated CG by inaccurate and unreliable methods of
assay, This subject has recently been reviewed (Loraine,
1952). In the last few years, the two methods which have
been applied most extensively m the chnieal field are those
depending on ovanan hypersemia and prostatic weight in rats.

The ovartan hyperemia test introduced by Zoundek and
Sulman (1945} for the diagnosis of pregnancy has been made
the basis of an elegant chnical bioassay of CG by Albert
and co-workers at the Mayo Chnic (Albert, 1918; Albert and-
Berkson, 1951). This method is sensitive and is reasonably
accurate from the statistical pomt of view. In addition, the
total time required for the test 1s only 4 hours, making it 4
bioassay unigue in its rapidity, This is in marked contrast
to most other procedures involving multiple injections into
rats and necessitating 72- and 96-hour injection pertods.
Unfortunately, however, the suceess of the ovarian hyperemia
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method appears to be conditioned to some extent by the
strain of animal employed. In other laboratories the tech-
nique could not be made the basis of a satisfactory quantita-
trve assay of CG.

The method depending on the enlargement of the prostate in
mmature rats (Loraine, 19500) has been shown to be an
accurate and sensitive method for the quantitative assay of
CG in the blood, urine and placentz of patients. In addition,
the astrogens in pregnancy urine do not interfere with the
test, and accordingly untreated urnme may be employed for
the assays. The clinical studies subsequently discussed have
been made using the prostatic weight method.

Clinical Applications of CG Assay
The value of CG estimations in the diagnosis of pregnancy
and in cases of hydatidiform mole and chorion-epithelioma
15 well known. No further reference will be made to these
conditions.

Normal Pregnancy

CG curves 1n international umts are now available for both
the urinary excretion (Loraine, 19505; Albert and Berkson,
1951) and for the serum concentration (Jones, Delfs and
Stran, 1944; Wilson, Albert and Randall, 1949; Loraine and
Matthew, 1952). Using the prostatic weight method, it has
been shown that in the first trimester of normal pregnancy,
very high readings, e g. 20,000-50,000 1.u., are obtained for
the urinary exeretion (1u per 24 hours), and the serum con-
centration (tu, per litre). In the second and third trimesters,
however, the urimnary excretion and serum concentrations are
in the range 4,000-11,000 1.u. (P =0-99). Estimations of CG
consistently outside this range should be regarded as patho-
logical.

Pre-Eclamptic Toxeemia
.Interest has chiefly been centred on the possible value of
urinary and serum CG estimations as a prognostic index in
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such cases (Smith and Smith, 1934, 1939, 1941, 1948; Taylor
and Scadron, 1939; Watts and Adair, 1943; Loraine and
Matthew, 1950). The Smiths, using corpora lutea jn the
ovary n rats to assay CG, were the first to demonstrate thata
proportion of pre-eclamptic patients {over 70 per cent of
their series) showed an abnormally high serum concentration
of CG when compared with normal pregpant women They
further suggested that a rise in the serum CG might be
regarded as a warning of impending toxmmia. This latter
finding was not confirmed by later investigators.

Using the prostatic weight method of assay, Loraine and
Matthew (1950) studied the serum concentration and urinaty
excretion of CG in 29 cases of pre-eclamptic toxemia, nine
cases of cssential hypertension in pregnancy, and five cases
of essential hypertension with superimposed toxemia. The
pre-eclamptic patients were further subdivided into three
groups—severe, moderate and mild. The assessment of the
severity of the toxaemia was based mainly on the rapidity ?f
evolution of the disease and on 1ts responsc to therapeutic
measures. In severe pre-eclamptic toxzmia the mean urinsry
excretion and serum concentration of CG were signiﬁcantly
higher than n normal pregnancy, but in none of the other
groups of patients was this observed. No correlation could
be found between the high CG readings and any particular
clinical feature such as blood pressure, albuminuria, or dema
It was therefore concluded that at the present time routine
assay of the urnary and serum CG would not be of any great
assistance to the clinician in the o t of these
cases. .

Diabetic Pregnancy

Time does not permit of a detailed consideration of the prog-
nostic value of hormone estimations in diabetic pregnancy.
1t will be remembered that Priscilla White and her co-workers
(1946, 1949) used = falling pregnanediol excretion and a rising
serum CG concentration as prognostic eriteria in pregnant
diabetics. In cases with normal findings, the fretal survival
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rate was 97 per cent, whereas with abnormal CG and preg-
i the inaid of live births was only 52
per cent. The administration of stilbcestrol and progesterone
in gradually increasing dosage throughout pregmancy cor-
rected this so-called “hormonal imbalance” by producing
consistent depression of CG titres. In the patients receiving
such therapy the feetal survival rate rose to 90 per cent and
the incidence of pre-eclampsia was greatly reduced.
In this laboratory 1t has been demonstrated that a propor-
tion of pregnant diabetic patients have abnormally high con-
, centrations of CG in blood and urine, but it has not been
possible to confirm any of White’s other findings. No corre-
lation could be obtained between the urinary excretion and
serum concentration of CG on the one hand, and any medical
or obstetrical finding on the other; no evidence could be
obtamed that elevation of the CG titre in blood and urine
could be regarded as the herald of an impending obstetrical
disaster. Indeed, in the 40 patients so far studied, foetal
death appeared just as hikely to occur in patients with normal
CG values as m those with abnormally high figures. In
addition, stilbeestrol duced only an fall in
the 24-hour excretion of CG 1n normal and diabetic women
(Loraine, 1949). Consistent depression of the urinary CG
titre by prolonged wstrogen therapy was not obtained even
when large doses of stilbastrol (100-120 mg./day) were
employed The 1nitial depression was soon followed by an
“escape” phenomenon, the readings tending to chmb back to
their original level while the patient was still under therapy.
Thus effect 1s shown in a normal patient in Fig. 1 and in two
pregnant diabeties mn Figs. 2 and 8.
Fig. 4 shows the urinary excretion of CG in 25 pregnant
diabetics who did not receive hormonal therapy.

Renal Clearance of CG
As mentioned previously, the urinary excretion and serum
concentration of CG fluctuate characteristically during normal

pregnancy, This fluctuation might represent alteratmns n
moasary



J. A LORAINE

z’sno 150 200
DURATION OF FREGNANCY 1N DAYS

Eﬂect of sulbosstrol @ CG excrentd pormal
prcgmx "The HiguTes cn ﬂ es den ote ﬂoses (mg+
per ) m\ e placed 2% the umeq these " started:

G
L faamrs

30,000

contROL PERIOD
STROL THE

STILBOE! RAPY

.-
®.

AMAL € wnvs .

60
DURATION o 0 REGNANCY N DAYS
cG excreti®! ogna! n\)tllc reated a with sul-
dnte(\osn( p(‘d )ndnn:
arted-

Fio %
’l'he smz\\l flg\l
ced e times these



———— s

CLINICAL AFPLICATIONS 67

the rate of formation, in the rate of destruction or i the rate
of excretion of the hormone. In nn attempt to elucidate this
problem, the renal clearance of CG under normal and patho-
logical conditions has been studied by Gastineau, Albert and
Randall {1949), using the ovarian hypersamin meshod of assay,
and by Loraine (1930¢), employing the prostatic weight test.
Clearance was estimated by the formula UV/B and was
expressed in ml.jminute,

Estimations of CG clearance were made in 12 normal
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F1o. 3 CG excretion in pregnant dibebic treated with stil.
heestrol  'Fhe small figures denote doses (mg. per dAy) and are
placed at the times these were started.

pregnant women, 29 cases of pre-eclamptic toxemia, seven
pregnant diabetics, nine cases of essential hypertension in
pregnancy, and five cases of essential hyperiension with
superimposed toxzrma (Loraine, 1950c).  In sl types of case
the mean clearance of CG was found to be less than 1-00 ml,
per minute. In rormal pregnancy the mean figure was 095
ml. per minute. In normat and diabetic pregnancy constant
figures for clearance were obtained in the three trimesters of
pregnancy, and dingly it was Juded that variations




LORAINE

J. A

68

Jo asquini {530L)

{-0p3 ‘suonBULIS
«£dBaav} pBUOWIOY N0 SHIIQEIP

JuouBoad 7 W U0 DY °F 'O

o wny




. CLINICAL APPLICATIONS ) 69
the rate of production or destruction of the hormone and did
not arise from differences in the renal excretion.

The pre-eclamptic patients were again classified into severe,
moderate and mild groups (Loraine and Matthew, 1950). In
the mild and moderate cases the mean clearance did not
differ significantly from that in normal pregnancy (P =0-99).
Similar results were obtained in cases of essential hyperten-
sion in pregnancy and in essential hypertension with super-
imposed toxzmia. In the severe pre-eclamptic group and
in the pregnant diabetics, however, the mean clearances {074
and 075 ml./min. respectively) were significantly lower than
those in normal pregnancy.
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DISCUSSION -

Gray Miss Wood, working in my department at King's College
Hospital, has carried out a series of urnary choriome gonadotrophsns

are the patients consistently high, or do they bounce 1n and out of the

normal range, or what happens?
, LonaiNe Some patients start off normally and the excretion rises at

PSRINTER TN . P .

pregnancy.
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Gappwn A large-seale experiment has been started in this country—
t's gone on for some time now—with statistical controls and placebos.
Eventually this experiment should give defimite information on that

oint,

g One pomnt 1n connection with Dr. Loraine’s results that intrigued me
was that the concentration of CG in the blood was always nearly equal
to the concentration in the urime, In 7 groups of patients the average
ratios of the two concentrations all lay between 0 86 and 1-26—the
average of the averages was 1 03. It has alwnays been a puzzle to me
how the kidney manages to do 1t There are three obvious possibilities:
(1) There 13 no CG 1n the glomerular filtrate and the tubules excrete CG
till the concentration in the urme 1s equal to that in the Llood (2)
Small amounts of CG 1n the filtrate are concentrated to just the nght
amount by the absorption of water, (3) The concentrations of CG in
the filtrate and 1n the reabsorbed flud are equal to that in the blood.
Tius last possibility 15 the easiest to understand but perhaps not the
easiest to believe

SceaLore May I ask another question, relative to the assay of
pitwitary gonadotrophins The longer I have worked n this field the
more I am confused, and today even more than before Vhat js FSHI?
Is there such a thing? And do we have a straightforward assay for 1t?
Dr Lt has told us that he has injected pure FSH, »inch I presume then
must be FSH, and 1n the mouse 1t 1s mactive, On the other hand, Dr
Loraine has mentioned evaluating the content of FSH by the micro-
scopic picture of the rat testis  And yet, reports 1n the literature from
Dr. L1 and hs co-workers tell us that LH produces complete develop-
[ i wibuit bl est iy Sl AN A ISP

Lonaxe Dr MeArthur mjeets the amumals 4 days after hypophy-
Sectomy

Lz ‘Then there 15 still some FSH present—it’s there for some time

‘With regard to the data T mentioned sbout mace, the mouse 1s a very
tough amimal with which to get any notable wncrease m any actvity

N
lating hormone. Why ths 18 50, we don’t know, but we want to find
out. In the hypophysectomzed animal, when you inject FSH all you
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distinet reaction in hypophysectomxze—d malé and female rats.
Loramz: Do you think, Dr. Li, that this method of LH assay pro-

hypophysectomized animal, or the ovary. Of course the sensitivity
there mught be very low, because you cannot titrate. All you can do1s
observe the lowest effecttve dose which will produce repair of the tissue
of the interstitial cells in both testes and ovary, In such cases there s
no synergism between FSH and ICSH~only the ICSH would be -
volved in repair.

Ronson There’s one point I'd hke to put here very tentatively, that
1t is becorming quute clear that the reactivity of an organ like the ovary
or the testis changes after hypophysectomy. For example, if you hypo-
physectomize the rabbit and you imject zny kind of gonadotrophic
hormone, within the next few days you can get follicular growth, ovula-
tion and luteimzation. But if you wart a Jonger time then the reactivity
PP matemAan bt o a2 Amamion T8 a s aem b bor dars

the reactivity of dxﬂ‘erent cumponents of a gonad may change at different
speeds after hypophysectomy, and 1t 1s possible that the various reac-
tions which are observed and which are taken as specific reactions of
different gonadotrophims mght be expluned as rcactlons of tissues

whose reactivity has changed after hy
L1 Yes, we have recently been doing some work cn the thests that
the main p for this Y o Tesp
g - - - PGt i
- S S Ip S

hypophysectomized rabbits, and then the reactivity of the ovaries was
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maintained snd the onginal amount of gonadotrophin injected intra-
venously would produce ovulation,

R. Monrcas connection with Dr_La's remark about thyroxine, I
. o A B e

plays a part.



TESTS FOR LUTEOTROPHIN
E B. ASTWOOD

TuE term luteotrophin has been used to designate th
hypophyseal factor essential for the maintenance of functio
of the corpus luteum in the non-pregnant animal. In mos
forms hypophysectomy is followed by a prompt regressior
of the corpus luteurn while in some species, including the ra
{Stmth, 1930), corpora lutea persist and, though functionless
retain a fairly normal cellular structure. Under these cir
cumstances the admunistration of concentrates of follicle
stimulating hormone or of luteimizing hormone fails to evok:
the secretion of corpus luteum hormone (Greep, -1938)
Indeed certain luteimzing hormone preparations (Greep
1938), but not others (Greep, Van Dyke and Chow, 1942
destroy the persisting corpora lutea of hypophysectomizec
rats. However, pituitary extracts frec of follicle-stunulatin;
and lutemzing hormones can be prepared which will caust
further luteal growth and sustamn luteal function after hypo
physectomy.

Hypophyseal luteotrophin 15 to be distinguished from the
hormones of placental origin which extend the functional
life of the corpus luteum n pregnancy. These *chorionic
luteotrophins” are largely species specific; they differ physio-
logically and chemically from each other and fram the
- pituitary hormone, and are outside the scope of this brief
review.

Before considermg the tests which mght serve as a basis
for the nssay of luteotrophin, certain other factors which
influence Iuteal function should be rcealled. The carpus
luteum of the rabbit appears to differ from that of other
mammals which have been investigated in responding to the
direct action of acstrogen. The initial observations of Robson

4
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(1937) and of Westman and Jacobsohn (1937) that cestrogen
would sustain luteal function in this species have been amply
confirmed {Heckel and Allen, 1939; Greep, 1941). The effect
is clearly not mediated by the hypophysis; indeed Hammond
and Robson (1951) have recently shown a direct action of
astrogen implanted into the corpus luteum, in the form of
a crystal or a pellet, upon contiguous luteal tissue. While
cestrogen seems to promote luteal function by an effeet upon
the hypophysis in other spectes, a direct action upon the
corpus luteum has been shown only in the rabbit. In some
species removal of the uterus seems to mduce a prolongation
of luteal function. Sinee the original observation of Loeb
(1923) in the guinea pig, a similar phenomenon has been
encountered 1n the rabbit (Asdell and Hammond, 1933; Greep,
1941) and perhaps even in the rat (Bradbury et al, 1950).
The mechanism here is singularly obscure.

No entirely satisfactory method has been proposed for the
assay of luteotrophin. The tests which have been used are
time consuming and at best only semiquantitative, some lack
specificity and are subject to interference by other pituitary
hormones. An assay method for a hormone should be one
which is easily and quickly carned out and 1s quantitatively
accurate. The best methods are those which depend upon
a prompt response to a single wmjection, such as the blood
sugar response to msulin, the adrenal ascorbie acid depletion
assay for corticotrophin, the antidiuretic test for the pressor
principle, and the ovaman hyperema test for chorionie
gonadotrophin.  When repeated and prolonged admumistra-
tion 1s required, as 1n tests for growth hormone, progesterone,
androgens, and follicle-stimulating hormone, the degree of

1s strongly mfl d by the d of action of
the test substances, and the result may be greatly modified
by the frequency and route of admimstration, as well as by
the presence of accessory substances which alter the rate of
absorption  Most tests for luteotrophmn are complicated by
these factors, and there is reason to believe that they are
even more important 1n this instance than in others. The
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¢orpus luteum exhibits the peculiar property of losing its
responsiveness to luteotrophin if it is deprived of it for some
hours, If too long an interval elapses after hypophysectomy
before luteotrophin treatment is begun, or if a lapse in treat-
ment oceurs, the corpus luteum undergoes irreversible changes
and becomes refractory to further stimulation. Furthermore,
the corpus luteum appears to have a self-determined and
limited life-span beyond which luteotrophin cannot prolong
its function. For this reason, attempts to prolong the luteal
phase in those species whose cycles normally are attended by
a progestation phase, or attempts to prolong the pseudo-
pregnancy phases of other animals, have failed. It becomes
necessary, therefore, to resort to replacement therapy after
hypophysectomy or to make use of the abortive luteal phases
of animals such as the rat.

The Question of the Identity of Prolactin, Lactogenic
Hormone, and Luteotrophin

Currently 1t 15 a widely held view that prolactin (the factor
responsible for the erop-gland reaction in the pigeon), lacto-
genic hormone (the pitmitary principle initiating milk secre-
tion in mammals), and luteotrophin are one and the same
thing. Though this may very well prove to be the case, the
evidence cannot at present be regarded as conclusive.

The strongest support for the view that a single substance
mediates these three widely different effects derives from the
fact that prolactin preparations (Lyons, 1937) that are purified
to the extent of behaving as homogeneous proteins in solu-
bility studies and clectrophoress, are highly active by all
three tests. Recent experience with so-called pure cortico-
trophin and crystalline, electrophoretically homogeneous
growth hormone supgests caution in aceepting this type of
evideice as final, The *‘pure” corticotrophin protemn can

readily be fractionated by adsorption on cellulose or oxyeellu- .

lose to yield a highly active fraction and an inert protein
which still meets the same criteria of purity as the original
protein (Sayers and Astwood, 1951) and preparations of
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corticotrophin 100 times as active as the “pure protein” can
readily be prepared. Even at this stage of purification certan
«corticotrophin concentrates are heavily contaminated with
mtermedm, adipokinin, and perhaps other factors (Raben,
Rosenberg and Astwood, 1952). Similarly, “pure” growth
hormone is apparently contaminated with one or more
factors which account for the diabetogenic and adipokinetic
effects which are generally regarded as properties of the
growth-promoting factor itself (Raben, Westermeyer and
Leaf, 1952; Rosenberg, 1952).

Physiological considerations and a limited amount of
experimental evidence suggest that crop stimulation, lacto-
genests, and corpus luteum maimtenance may not all be
attributable to a single substance. Lactation and a fune-
tioning corpus luteum may sometimes coexist, as in the
normal rat, but usually periods of luteal function, such as the
luteal phase of-the sex cytle, pseudopregnancy, and preg-
naney, are not associated with mammary secretion. Rather,
lactation seemns in some way to be imtiated by a cessation of
luteal function. -

The early experiments of Nathanson and Fevold (1938)
indicated that not only prolactin preparations, but concen-
trates of luteinizing hormone free of prolactin, as well as
extracts of postpartum urine containing httle of either, could
prolong luteal function in the normal mouse. Imtially
Evans, Simpson, and Turpeinen (1938) found that luteal
function could be mawntamned by extracts rich in either
corticotrophin or prolactin, and only later (Evans, Suapson,
Lyons, and Turpeinen, 1941) identified the active principle
with prolactin. While crude pituitary extracts are known to

* mitiate milk secretion 1n normal amimals, 1t has not yet been

clearly slown that the crop gland stimulating hormone is the
factor involved.

As long as there 1s any question as to the identity of luteo-
trophin with prolactin or the lactogenic factor, it would be
desirable to have a simple and accurate assay related to its
physiological action on the mammahan corpus luteum,



78 E. B. Astwoon

Prolongation of the Gistrous Cycle in Normal Animals

1t has heen known since the original observations of Long
and Evans m 1922 that crude pituitary extracts terrupt the
cestrous cycle of rats and lead to the formation of many large
corpora lutea which can be shown to be functioning (Teel,
1926). The observation of Dresel (1935) that preparations
of prolactin temporarily interrupt the wstrous cycle of the
monse has been confirmed (Nathanson and Fevold, 1938) and
extended to the rat (Lahr and Riddle, 1936; Tolun, 1912)-
Tests based upon this phenomenon cannot be regarded as
entirely specific, as other hormanes, many toxic agents, and
various stressful situations are known to disturb the cstrous
cycle and lead to ancestrus or occasionally to a state of
pseudopregnancy

With proper precautions, however, o rehoble test can be
performed 1n normal cyclie rats By seleeting animals with
regnlar four- or five-day eycles, as judged by observation
for a two- to three-week mterval, one can predict with 8
probability of better than 95 per cent that the cycle under
observation will be of the customary length if no treatment
is given A potent preparation adminstered during the day
after the first cestrous smear will prolong a four-day cycle
by one day. If the treatment 1s continued for two days, the
cycle will be extended to a six-day eycle: three days, a sever-
day cycle; and so on. Injections durmg the first day of the
cestrous smear do not alter the eycle, presumably because the
corpus lutenm is alrendy functioning during that short
interval. If treatment is delayed unhl two days after the
first day of the cstrous smear, the eyele will not be delayed:
in this case, 1t is presumed that the corpus luteum has already
become non-functional and its activity cannot be restored
(Fig 1)

As n practical test one ean administer the futeotraphic
extract for one to three days, beginning 24 hours after the
first appearance of the cormfied smear, and cxpeet as a
positive result a corresponding delay of one to three days in
the appearance of the nest eestrous, Should the next eyele
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not appear on the predicted day, but be further postponed,
the test becomes invalid; the ammal may have become °
pseudopregnant or some non-specific, painful or toxic agent
may have induced ancestrus. If the dose of the luteotrophic
extract is too small, or the injections spaced at too long

EFFECT OF LUTEOTROPHIN ON ESTROUS
GYCLE OF RATS
4 a 5 ) 4 4
- —
4 4 4 4 4 6 )
_— -— —
a 15 4 4
A
Fic 1 Effects of twice-dail of a

preparation for from ane to fourteen days upon the four-day
estrous cycle of the rat It may be noted that when mjections
were started on the day after vagnal cormfication, treatment
for one and for five days extended the eycles to five and to rune

intervals, the expected delay of the next cycle will not be
realized. Such a test would seek to define the mimmal
effective dose, but the result would be modified by the
frequency of mjeetion, the presence or absence of sub-
stances which alter the rate of absorption, and by the presence
of follicle-stimulating, lutemizing, and perhaps other hormones
in the extracts being tested.
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Inhibition of the (Estrous Vaginal Smear in (Estrogen-
treated Hypophysectomized Rats

‘When normal cyclic female rats are treated with cestrogen,
the mmmediate vaginal cestrous response gives place to a
“dicestrous” smear; corpora lutea persist and enlarge and
their secretion converts the cornified vaginal mucosa wnto the
“mucified” condition typieal of pregnancy, and the vaginsl
smear resembles that of dicestrus. If the ovaries are removed
or if corpus luteum function is interrupted by hypophysec-
tomy while cestrogen 1s continued, vaginal eestrus ensues in
two to three days. Luteotrophic preparations may thus be
tested by determuning the dose required to prevent a return
of vaginal cormification following hypophysectomy (Nelson,
1946) Immature rats can sumlarly be employed by first
inducing the formation of corpora lutea by treatment with
chorionic gonadotrophin. Concurrent and continued treat-
ment with cestrogen permits the inhibitory action of corpus
Iuteum hormone to be detected by daily vaginal smears. As
in the adult animal, hypophysectomy is followed by a return
of vaginal cornification, while the daily or twice-daily injec-
tion of luteotrophin will sustain luteal function as shown by
the “diestrous” smear (Fig 2) (Astwood, 1941) This test,
while more specific, suffers from the same quantitative,
limitations as the tests based upon prolongation of the
strous cycle.

Deciduoma Formation in the Hypophysectomized
Psendopregnant Rat ~

In the experiments of Evans et al. (1911) normal adult
female rats were mjected with the test preparations for 10
days beginning on the day of hypophysectomy. Threads,
were nserted in the uteri on the sixth day and the uteri
examined for deciduomata on the cleventh, As the operation
was not timed to coincide with that period of the cestrous
eycle when corpora lutea capable of being sustained could be
expected to exist, only some of the animals responded to
potent extracts. If the pituitary were removed and the
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injections begun within 24 hours of the first cestrous smear,
this test would be more consistent.

A conveniént, shorter, and more rehable method involves
the induction of pseudopregnancy by electrical stimulation
of the cervix uteri during ccstrus, Five days later, the
optimal time for endoretrial traumatization, the hypophysis
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is removed and injections begun immediately thereafter,
The uterine trauma can be conveniently carried out by
inserting a wire bearing 2 small barb at the tip through the
cervix and up to the tubal end of one uterine horn, Active
preparations give tise to an extensive decidual reaction in the
damaged horn which can be detected as early as 24 hours
after the shimulus, and which 1s conveniently evaluated at
72 hours. This method was used for studies of the chorionic
lutcotroplun of the rat (Astwood and Greep, 1938) and is
equally applicable as a test for the hypophyseal factor.
The pregnant ammal, hypophysectomized shortly after
mating, can also serve as a test objeet; luteotrophic prepara-
tions maintain pregnancy for as long as they arc given
(Cutuly, 1942; Lyons, Simpson and Evans, 1943}, and of
course repl t therapy b y after the
tenth to twelfth day of pregnancy when the “chorionic
gonadotrophin® takes over (Astwood and Greep, 1938).

Structural and Chemical Changes in the Corpus
Luteum

By the usual histological methods the persisting but non-
functioning corpus lutcum of the hypophysectomized raf 18
not appreciably different in appearance from onc in which
function has been maintained for a few days by luteotrophin,
With prolonged treatment there is enlargement and altered
staining characteristics of the cells, which later on become
Vi hzed. These changes are not sufficiently clear-cut to
form a basis for an assay.

Everett has made a careful study of the structural changes
in the corpus luteum of the rat during the wstrous cycle,
during pregnancy, and after the injection of various hormones.
‘The deposition of cholesterol in the corpus luteum, detceted
by the Schultz test on frozen sections, is apparent{y an carly
sign of regression. During the normal eycle cholesterol
appears in small amounts early in dicestrus and slowly
jnercases.  When ovulation oceurs in the next cycle o henv‘y
deposition of cholesterol is seen. Luteinizing hormone is
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thought to be the agent responsible for this change because
it is seen 18 to 24 hours after the injection of luteinizing
hormone preparations or of pr e; the latter h

is considered to evoke a premature release of luteinizing hor-
mone from the pituitary if given at the proper stage of the
cycle, (Fig. 3). A single injection of cestrogen induces a
similar sequence of events after a latent period of two days.
Preparations of luteotrophin can reverse the cholesterol

EFFECT OF PROGESTERONE ON RAT ESTROUS CYCLES
AND OVULATION (EVERETT - 1948)

OVULATION ] ] 1 ¥ ]
VAGINAL CYCLE I—I I—‘ | I—| rl I
PROGESTERONE 15 MG 1 11 11

Fre, 3. Influence of progesterone upon the normal four-day
cycle of the rat A single ijection on the first day of dicestrus
extended the cycle by one day. The expected five-day cycle

4

deposition under these conditions, and 1n a personal com-
munication Everett has suggested that an assay for this
factor might be based upon this change. Apparently a single
injection would be expected to cause a disappearance of the
cholesterol 1n & matter of hours. Everett {1947) has shown
too that a single mjection of lutermizing hormone will induce
Tegressive changes 1n the corpus luteum of pregnancy within
18 to 24 hours. This change and the associated merease m
the cholesterol and ascorbic acid content of the corpus luteum
can be prevented or reversed by the injection of luteotrophic
extracts (Miller and Everett, 1948) Evidence was educed
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(Everett, 1943) that the eorpora lutea of a preceding eyele
may resume furiction for a brief interval shortly before the
succeeding cestrus. In persistent-cestrus rats, corpora lutea
were induced by treatment with progesterone; a second cycle
could then be completed with a single injection of progester-
one, or with small doses of luteotrophic preparations.

The corpus luteum of the normal cyclic rat ceases to

function before it is fully formed (Astwood, 1939) but,

according to Everett, 1t releases progesterone some 18 o
24 hours before the next ovulation (presumably because 1t 1
stimulated by luteotrophin at this time). The progesterone
acting upon the pitutary evokes a release of luteinzing
hormone which, while inducing ovulation, also acts upon the
old corpus luteum to cause regressive changes. After hy}.w-
physectomy, a previously functioning corpus luteum rema}ns
free of stainable cholesterol, but a single injection of luteinizing
hormone will render 1t fatty and rich in cholesterol in 18 to
24 hours, a change which also is reversed by luteotrophie
preparations given in a single dose. It should be possible to
design a test comparable to the ascorbic acid depletion fest
for corticotrophin, which would be based on the cholesterol
or ascorbic acid content of suitably prepared corpora lutea.
The recent finding of Saffran (1952) that corticotrophin
can be tested directly wn vitro with rat adrenal glands by
measuring spectrophotometrically the cortical steroids -pro-
duced during a 2.hour mecubation period, suggests that
luteotrophin might smilarly be quantitated by measuring
the amount of progesterone formed by lutemized ovaries in
the presence of graded concentrations of the pituitary extract.

Summary
A review of the tests which have been used for the detection
of luteotrophin showed that none 1s entirely satisfactory for
assay purposes. Any one of several histological and chemical
changes in the suitably preparcd corpus luteum which can be
detected within a few hours after a single dose of a luteotro-
. w nanld serve ns the basis for an assay method.
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Even the direct measurement of progesterone synthesis in
titro, as influenced by luteotrophin, might cventually be
used as an assay method.
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DISCUSSION

Fourry: Dr. Astwood, may I ask if you advocate retentson of the
term “luteotrophin®, as possibly denoting o different hormone from
prolactin? Abraham White recently published a review on the physio-
logy and chenustry of prolactin i which he adapted the term “luteo-
trophin'. Would you say that was a permussible thing to do?

Astwoop One cannot explan all pitwitary effects on the pnsnsiﬂf
the stx well established anterior pituitary hormones, Until the situation
has been : more thoroughly studied I think one would be safer rei:en‘:gé’

may be.
Gapous Do you agree to that?
ForLey. I think that is o conservative position which is perhaps
destrable at the moment. Yes, I would agree. .
Ropson: I have recently tried to mamntam the corpus lnteum in the
hypophysectonuzed rabbtt with a preparation of prolactin (which I
didn’t make myself) and I haven’t been able to convince myself that
there has been any effect. That’s a negative finding, which 1s un
hed and needs i

i hy

One thung startled me at the b of your
did you restrict the use of Juteotroplun to the non-pregnant aumal?

ASTwoOoD. Because I think that the choriome gonadotmph{ns of
mammals are also luteotrophins. It seems to me that the function of
the cherionic hormone 1s to maintain the corpus lutcum in pregnanty.

Rogson: That can be shown experimentally, you mean?

far as

anatinn
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Ronson. And you are entirely satisfied that the placental factor
1increases this period? ) )

AsTwo0D: If one could forget about the rabbit, The rabhit is certainly
an exception. .

R. Moricarp You said that in Y rion
mantains the function of the corpus luteum in woman?

Astwoon That, I think, 15 its normal function.

R. Moricarp: Because 1t scems to me that it 1s quite a different

e e e e fne @

hypophysis
Astwoon Inthe human bemg dunng there are

of 1n the blood, as Dr Loraine has
shown, and yet the ovary shows no signs of ovulation or of corpus luteum
formation It shows, however, a functioming corpus luteum early 1n
pregnancy. Furthermore, 1if one mjects the urinary product into the
normal non-pregnant woman, one ean show a maintenance of corpus
luteum function beyond thP'normaE eycle. So I think the impheation

N

Srcaarorr I object I think there 1s a lot of evidence that by ad-
ronistermg adequate amounts of human urine choriome gonado-
trophin you get essentsally the same effect on the ovary that you
prgiit Adell S ST TSR SR S P\

corpus luteum) are evactly the same as you see 1n chononepithehoma
and n late pregnancy I feel that the effects in the human, given ade-
quate dosage, are essentially the same as in pregnancy and that there
really 15 very hitle evidence that the phystological activity of the
matenal from the urine 13 any different from that n the serum.

Lz May ¥ ask Dr Astwood if there 1s any evidence that the so-called
prolactin1s dissoerated from the luteotrophin, Have you any evidence
that they are different?

AsTwoon- No.
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Lx: Do you then intend to propose a new hormone when you use the

term “Iuteotrophun™?

Astwoop: No. As I pointed out, 1t may well be that they are the same,
and it’s widely held that they are, but T do not feel that the evidence is
final yet. As long as it 1sn’t, one needs a test for this particular kind of
activity 1n order tobe able to establish the question one way or the

other.

Lr: You mught sigmify that by calling 1t “luteotrophin activity” test
5

instead of “luteotrophin,
e e B ha hobtn

SrkaaLorr. If we are going to talk in general terms, and are goug W
consider man also, then I think that at least with the present evidence
we have to consider that luteotrophin may be something else ather lh“ﬂ‘n

menstrual cycle,

gIVING MOTE  PLUIBCUL Uiy, snb swoim g o
because the individual already has enough.

Ame aleaadu nracent  The coennd 15 that breed sua Anu\.v.l
her witl

1e latter
ring the

= —tlac e cn nf nrengration

Ih O VL puretos rany
this problem of what 15
nt one, and T think it's

ff, that by giving luteo-

- 4 4 oo —immes awtand the function of

+under
appro-
js that

1 rteens b tavma for the

ything _
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equivalent thing 1n man without redefining what we're going to do. And
the prolactin won't do that in man.

La: Perhaps you haven't found the night condition yet.

Sroarorr: So far we haven't. That’s why I say we haven't proved
1t But if the prtuitary effects are 1dentical we should be able to repro-
duce the rat expenment in man.

Astwoob: I consider that the luteal phase in the human cycle is homo-
logous to the pscudopregnant phate of the rat or rabbit, and so the
experiment is adtually the same 1n the two species

R, Moricarp I think the question 1s quite different in man and the
rat. You are speaking shout female hypop rats
and we are talking about normal human females, they are not com-
parable. We have studied one case of hypophysectomy n a woman; ne
have seen the degree of the vaginal, vulvar and uterine atrophy; and the
effect of cestradrol 1s not the same as 1 castrated women, For me the
comparison between women and the rat 1s difficult now.

P, Mogrris* I v\ould Iike to ask Dr Astwood if he knows whether the

so-called plays any ph Téle 1n the human male?
Asn\mm- \o, I don’t know of any functien for it mn man, nor of
ocin,
‘. Marnis: Because berg labelled * " with

wdine and traced the aetivity m the body. It’s Just a prelimmary ex-
periment, but he found the radicactive 10dine mn the prostatic gland



SOME OBSERVATIONS ON PROLACTIN ASSAYS
BY THE PIGEON CROP-WEIGHT METHOD

PAMELA M. CLARKE and 8. J. FOLLEY

Tue results presented and discussed in this paper arse
from a study of a series of assays of prolactin using the
“systemic” pigeon crop-weight method. The objects of this
investigation were to obtamn further information on the
accuracy of the assay method, in the light of changes in
experimental material available, and to consider possible
improvements 1n the techmque.

Designs of the Assays

The statistical analysis was complicated by the fact that
the experimental design did not remain constant throughout
the 11 years under ideration, although g Ny a
4-point design, with two preparations each tested at two
dose-levels, was used. Dose-levels varied from assay to
assay, and because of supply difficulties so also did the ages
and sometmmes the breeds of the. birds. Furthermore, since
the assays were incidental to other studies, dilferent seasons
of the year were unequally represented. The basic expert-
mental technique, however, which has been described by
Folley, Dyer and Coward (1940), remained constant. Briefly,
each bird reccived, on each of six successive days, a sub-
cutaneous injection of the preparation dissolved in 1 ml of
aqueous medium, and was killed 24 hours after the sixth
injection. An unheated pigeon house was used throughout,
and the birds were fed ad lib. on wheat and water.

In the majority of the experiments the birds were arranged
in blocks on the basis of body weight at the start of the assay
(initial body weight), but & eyche rather than a random
arrangement was then used to allocate the birds to treatment




PRroOLACTIN Assay 91

groups. Although the analysis showed that adjustment for
this non-random arrangement searcely affected the estimated
variances and differences between mean responses, the
p e is not ded, and assays are now based on
orthodox statistical designs.

The birds were usually kept three in a cage, all birds within
a cage recerving the same treatment, and 1 general they were
allocated to cages in descending order of body weight.

Method of Analysis

In previous work, various response metameters, such as
crop weight alone and crop weight as a percentage of nitial
body weight or body weight, at autopsy (final body weight),
have been used. Here, however, the crop weight has been
used for analysis, with covariance analyses on initial body
weight as an auxiliary vanable Adjustment was made
where necessary to allow for the eyche system of allocation
of birds to treatments, and where appropriate, effects attri-
butable to differences between breeds of birds i the same
experiment were elimmated from the various comparsons
considered. Since analyses of the results of assays mn which
there was no blocking did not show a greater varation in crop
weight between cages than that within cages, differences
between cages were not elimmated n the analyses.

Changes in Response with Time

The assays studied were carned out during the years 1940—
1930, and over the first five years of this period the standard
preparation used was the International Standard prolactin
From 1914 onwards, a sheep pituitary preparation from
Schering Ine., with a potency which we have estimated to
be 21-8 iu./mg. (5 per cent fiducial imits 19:0 and 24 9
1u./mg.) was used as a laboratory sub-standard.

Fig. 1 shows the mean responses to a total dose of 1-2 mg.
(12 1w.) of the International Standard preparation, obtained
by direct measurement or by interpolation at different times,
and Fig. 2 shows the corresponding mean slopes‘of the log
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dose-response curves for total doses from 6 iu. fo 24 iu.
Both variables have been plotted against the dates when the
assays were performed. It can be seen that the mean Tesponse
increased with time, from 239 g. crop weight in 1940 to
4-80 g. crop weight in 1944, and the mean slope also showed
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Fic. 1. Mean crop-weight response to a total dose of 1 2 mg
of International Standard prolactin.

a possible merease with fime, although this was not so well
defined. '
Various explanations for a progressive ncrease in response
may be considered. Some part of the response differences
can perhaps be attributed to breed: as shown on the graph,”
in four of the experiments the birds were dealers’ “ragamuflin”
pigeons, of mixed breeds and of unknown ages; in one experi-
ment the pigeons were Atr Mimistry homers, of uniform
pp for the remainder of the assays White Carneau
pigeons from the AR.C. field station at Compton were used,
To ine possibl jation of crop-weight response
with the passage of time as well as with initial body weight
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and gonad size, partial regression coeflicients were calculated.
In this analysis, adjustments were made for breed and seasonal
differénces, and since the mean crop weights were estimated
with different precisions, they were weighted inversely as

their variances. The coefficient of partial r ion of crop
70}
x
60 a
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N o
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8 x
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Fic 2. Slope of mean response to International Standand
lactin

weight on time was highly sigmficant (P <0-01), but no
other source of vanation examimed was significantly related
to the crop weight. Sumilar results were obtained when the
mean crop weights for the White Carneau birds only were
analysed. For the slopes of the log dose-response curves, the

AT of partial r ion on time was significant at the
5 per cent level. It therefore appears reasonably likely that
both changes with time are real.
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Attempts to attribute theea - oo 1
slone t~- = .
We . sutue peniod on any other
spe .copulise to this preparation, or on erop weight

responses to any othes prolactin preparation, Although itis
possible that the activity of the International Standard
preparatian may have undergone a progressive change (and
any such change may or may not have been sperifin +~ #%'
preparation, or to these strr-~ - .

lar type of response), thi )
steally unhkely. Conds . wansgement of the birds
may, of course, have altered in some unnoted way, or the
birds may have become more sensitive to prolactmn. It
may be noted that Hall (1944) reported a decseased response
over u penod of two years to the same dose of & prolactin
preparation, using birds of untform breed and age, from the
same source throughout. Moreover, an inerease with time
1 the thyzroid weights of the same strain of pigeons has been
reported (Bates, Riddle and Lahr, 1941), and some such
physwlogical ehange may be responsible for the changes in
response noted here.

The caorresponding results for the laboratory sub-standard
preparation aver the years 1941 to 1950, illustrated in Figs. 8
and 4, do not show any obvious trends with time, and using
a suntlar analysis ne sig t partial regresst jent
were found.

Neither the results for the International Standard prenara-
tion nor for the laboratory suhesten?- " ' T

sepm-enet . .
byt " et " VP e svusa nans
mur . tr L uuct-November and in Apri-May. The

representation of months here, however, 15 50 uneven as to
make our evidence on this point inconclusive. It appears
unlikely, from examination of the dates of the assays, that
such o cyclic effect could t for the apy i

with time of the resy to the International Standard
preparation.
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Attempts to attribute these increases in mean response and
slope to any particular cause or causes can only be speculative.
We have no evidence over the same period on any other
specific response to this preparation, or on crop weight
responses to any other prolactin preparation. Although it is
possible that the activity of the International Standard
preparation may have undergone a progressive change (and
any such change may or may not have been specific fo this
preparation, or to these storage conditions, or to this particu-
lar type of response), this explanation is thought to be intrin-
sically unlikely. Conditions of management of the birds
may, of course, have altered in some unnoted way, or the
birds may have become more sensitive to prolactin. It
may be noted that Hall (1944) reported a decreased response
over 2 period of two years to the same dose of a prolactin
preparation, using birds of uniform breed and age, from the
same source throughout. Moreover, an increase with time
in the thyroid weights of the same strain of pigeons has been
reported (Bates, Riddle and Lahr, 1941), and some such
physiological change may be responsible for the changes in
response noted here.

The corresponding results for the laboratory sub-standard
preparation over the years 1944 to 1950, illustrated in Figs. 8
and 4, do not show any obvious trends with time, and using
a smlar analysis no sigmificant partial regression coeflicients
were found.

Neither the results for the International Standard prepara-
tion nor for the laboratory sub-standard prolactin show a clear
semi-annual cycle of the crop-weight response, such as reported
by Bates and Riddle (1941) and Hall (1944), who found mini-
mum responses in October-November and in April-May. The
representation of months here, however, is so uneven as to
make our evidence on this point inconclusive. It appears
unlikely, from examination of the dates of the assays, that
such a cyclic eflect could account for the apparent increase
with time of the resf to the International Standard ,

prepamlion .



ProracTIN Assay 97

Comparisons of Crop-Weight Responses for Different
Breeds

In each of three experiments there were sufficient birds of
different breeds to permit useful comparisons of the varation
and sensitivity to prolactin for different breeds or types. The
Tesults of these comparisons are summarized in Table I.

Table [
Resuvrrs For DirFereNT Breeps or PicEoN
Date of first injection l 7542 211 44 237 48
Mean watial weghts (g )
“Ragamuffins” . 305112 1 | 8454 87 -~
White Carneaux 454L11 2 | 4903116 | 458466
Silver Kings . 136113 3 - HM517 6
Mean crop wewhts (g }
“Ragamuffins" 3 3140328 | 55440 478 —
White Carneaux 29940 178 | 5 860 221 | 3 3640 169
Silver Kings 4010 239 - 2 9930 252
MMean slopes (g flog mg )
“Ragamuffins™ — 33911 743 —
‘White Carneaux . — 50610 810 | 5 7340 545
Silver Kings . — - 6 4940 918
Estimated error vanances
“Ragamuffins" <11 396(11d£)| 3 639(8d ) —
White Carneaux 0 477(13d 1) | 1 970(24d £) | 0 7T16(20d f)
Siver Kings 0 860(13d £ ) — 1 018(8d f.)

The “ragamuffin” birds 1n each experment had a lower
mean iitial body weight than the Silver Kings and White
Carneaux (P <0 05); for all three types of bird the variations
of the mitial weights about therr mean values were similar,

There were no
erop-weight resp for birds of dufft

BloABSAY

differences b
breeds. Division

. s
\
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Consistency of the Assay
Although considerable vanation between assays was
observed, both in the crop-weight response to the same

dose of prolactin and m the slope of the log dose-response |

eurve, assays of the same test preparation at different
times were not, within the limits of experimental error,
in disagreement. Data for ination of the il

s ¥
of the agsay were, however, available only for two pre-

parations,

Between Octaober, 1843, and December, 1944, four assays
of the Schering sheep prolactin relative to the International
Standard were made The breeds, ages and numbers of
birds available vared during this period, and in one assay only
one dose-level of the sheep prolactin was used, The variances
of the four estimates of relative potency showed significant
deviations from homogeneity (P<0-001), In chronological
order, the relative potency estimates were 207, 81-0, 23-0
and 214 1. per mg., but the varjance of the outstandingly
high estimate was also relatively high, and any departure of
the four values from 1} ¥ was not i at ?he
5 per cent level. To obtam the mean estunate of relative
potency and its fidueinl limits quoted earher, the four sep-
arate estumates were weighted mversely as therr vanances,
and the fiduennl houts were caleulated by the method,
due to Cochran, deseribed by Blss (1951), It is perhaps
worth noting that i the assay mving the least well deter-
mined estimate of relative potency, birds believed to be
more than two years old were used, whereas the birds in the
other experiments were erther known or beheved to be Jess
than one year old

On two occasions, separated by an interval of 15 rmonths,
anather prolactin preparation was assayed against the labora-
tory sub-standard. Here also the birds used m different assays
were of different breeds, and pethaps of different nges. The
difference between the two estimates, 0-47 and 0-53, of
relative potency was not significant {P>0-05).
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scoring system—0 for small, 1 for medium and 2 for large—
have been plotted agamnst ages of birds.

Examination of the most recent experiments, all involving
pure-bred birds from the same source, revealed a strong cor-
relation between gonad size and assay precision. Table IT
summarizes results for the Schering sheep prolactin in the last

14 x

MEAN GONAD SCORE

oo s L L s NS
85 125 165 208 245 285 325 365
MEAN AGE (WEEXS)

Fic. 5. Relationship between mean gonad score and age

seven experiments, carried out over a period of four years.
The birds used were Whte Carneau pigeons from Compton
field station, except that in the last expenment there were
7 Stlver Kings and 13 White Carneaux. The table shows, for
cach assay: the approximate range, where known, of ages of
the birds; the mean initial weight; the mean gonad score,
obtained as described above; s, the standard error per bird;
and b, the mean slope of the log dose-response line.  To give
an mdex of the precision of each assay, the quantities sjb,
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by the initial body weight thus introduces differences between
breeds: in terms of crop weight per 100 g. body weight the
mean response for “ragamuffins™ was higher m each expen
ment than the corresponding value for White Carneaux or
Silver Kings (P<0-05).

There were mdieations that the responses of the “rags-
muflin” pigeons were more variable than those of the White
‘Camcaux and that the “ragamuflins” were less sensitive to
increased doses of prolactin, but these differences were not
found to be statistically significant. '

Relationship between Gonad Size and Crop-Weight
Response

For each bird, in every experiment, a record was made of the
gonad size at autopsy, the gonads being classified by inspec-
tion as small, medium or large. Analyses were made where
possible to examme the relationship between gonad size and
age, sex, breed, prolactin treatment and crop-weight response
to the same treatment. '

Within any one experument gonad size as here recorded
showed no significant correlation with the crop-weight
Tesponse  y* tests within the experiments for which ages of
individual birds were recorded showed a highly significant
relationship between age and gonad size, as classified. Sex,
breed and treatment differences did not appear to affect this
relationship, nor was there any evidence of a significant
treatment effect on gonad size. Since these comparisons
were made within assays, seasonal differences were eliminated.
The experiments were too few to mve any conclusive evidence
on effects of seasonal changes on the relationship between
gonad size and age, but no sigmficant differences in this
relationship were found between assays, nor was there any
significant difference between the form of association of age
and gonad size obtained by comparnison of different assays
and that obtained by within-assay comparisons. )

The relationship between gonad size and age is ilustrated
in Frg.-5, where mean gonad ratings based on an arbitrary
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mum precision was achieved with young pigeons not more
than three months old. This finding gives a foundation to
the practice, recommended by Riddle, Bates and Dykshorn
(1933), of using birds between 6 and 10 weeks after hatching.
In this connection, Hall (1941) advised against the use of
very young pigeons, since the crop-sacs of pigeons 2-3 weeks
after hatching were found by Bates, Ruddle, Lahr and Schooley
(1937) to show signs of proliferation, not visible in pigeons
six weeks old.

Precision of the Assay

Folley et al. {1940), 1n a statistical analysis of earlier assays,
calculated the himuts of error, at three probability levels, that
would be expected using various numbers of birds. At that
time, however, only birds of mixed breeds and unknown ages
were available, and now that a source of supply of inbred
White Carneau pigeons, of known age, has been established,
& further estimate of the number of birds required for
satisfactory hmuts of error was of interest. As just shown,
however, the value of A for the most recent assays vamed
considerably, probably due to age differences. On the assump-
tion, based on the results shown m the graphs, that the use of
Young birds 2-8 months old will give a value of A approxi-
ately equal to 0-11, the estinated numbers of birds required
for mven fiducial limits of error are, surprisingly, no smaller
than those reported previously. For a i-pomt assay, 1t 1s
estimated that 10 birds on each treatment would give 5 per
¢cent fidue,al hmits of 76 per cent to 181 per cent, 15 birds per
treatment would give limits of 88 per cent to 122 per cent,
and 20 birds per treatment would give hmts of 85 per cent
10 118 per cent. These numbers of birds may, however, be
over-estimates, since a lower value of Amight result if the range
of ages within an experiment were smaller than obtained here.

Incidental Points
Among incidental points arising from the analysis, there
was an indication thadtieamcrense in bedy weight during the
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denoted A by Gaddum, have been caleulated. For a constant
number of birds, the precision increases as X decreases.

Table IT
RESUITS OF ASSAYS 0F Lanonmatony Sun-staNparp ProLacTi

Date of firse | Yen el iniat | Mo

eton 1 (manths) e

H
3
3
3
®
g
N

17 0 46 523 0 60 382
8 10 40 514 035 614
28 8 47 4b4 008 9 50
23 7 48 452 138 442
23 2 49 537 200 502
25.8 49 451 0-58 7 48
13 7.50 506 175 599

No obvious connection between b or s and the time, g6
gonad score or imtial body weight was found. There was,
however, a clear relationship between the mean gonad score
and A showing, as illustrated in Figs. 5 and 6, that the maxi-

o,zor- x

O'GL

a(=5b)
»X

oos)h

15 20

i
=]
MEAN GONAD SCORE
Fig. 6. Relationship between mean gonad score and essay
precision,

00
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in blocks according to initial body weight has, under our
conditions, in most eases usefully increased the precision of
the assay, If there is no blocking on a2 body weight basis,
adjustment for initial body weight may give increased pre-
cision, and it 15 considered that to this end crop weght
expressed as a percentage of the imtial body weight may be
us effective & metameter as the crop weight adjusted for
initial body weight on the basis of an analysis of covariance.
1t is possible also that the precision of the assays mught be
improved by the use of individual cages, thus permitting
more efficient elimmation of positional differences; but the
assays studied here give no information on this point. Smaller
doses of prolactin mught also prove advantageous, 1if the
anticipated reduction i error varation were more than

flicient to p te for the d m the slope of the
log dose-response curve

We are indebted to Dr. Ermin Schwenk, then of the Schering Cor-
potation, Blooméield, N J , for the mft of the sheep prolactin preparation
used as a laboratory sub-standard, to Dr W S Gordon, Director of the
Agncultural Research Council’s Field Station, Compton, Berkshire,
and hus stat for valuable co-operation in the supply of pigeons, to Mr
C. P Cox for useful discussions, and to Mr § € Watson for skilled
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Astwoon, Have you any mformation on the effects of subcutaneous
versus inttamuscular 1njection, divided dnses versus one tnjection per

day, and the influence of the pH of the solution m which the prolactin
15 distolved?
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assay was greater for higher doses of prolactin given, so that
it is considered preferable to adjust crop weights for initial
rather than fina} body weights. After adyustment for inhal
body weight uo sigmificant differences in response were found
between the sexes, a result mn agreement with that of Hall
(1944). There were indications that the varmation in erop
weights was less for birds caged in twos than for birds caged
in threes, but when tested this was not found to be statistically
signifieant.,

Discussion :

The quantitative and objective nature of the observations
wvolved w the pigeon crop-weight method of assaymg pro-
Iactin are powts m sts favour, although the large number of
birds estimated to be necessary for satisfactory precision, at
least under the conditions obtauung in our laboratory, is a
drawback, particularly since pure-bred pigeons are at present
expensive m this country. Some workers have deseribed
methads based on subjective Judgements of the degree of
stimulation of the erop-sac, but information on the precision
of assays of this type is not readily avasable, and comparisons
of the bility, preei and of material for
the different assay methods are therefore impossible. “Miero”
methods using intradermal injections over the crop-sacs have
proved useful wn assaying small quantities of prolactmn and
also a5 a qualitative test, and have the sdditional advantage
of giving quicker results, For most purposes it would perh»}PS
be preferable to have an assay method based on lactation
responses tn mammals, but as yet we are not aware of any
mammalian assay method suficiently sensitive for general
purposes.

On the basts of the analysis of the series of assays considered
here, in which subcutaneaus inyections on cach of six sucees-
sive days were made, the use of young birds of no more than
three months old, and of wniform breed, with concurrent tests

at two or more dose-levels of both the standard and the test
of the birds

tion are r ded. The arrang

¥
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Forrey' I have very httle experience of that method, but I always
felt that the end-pomt is rather subjective, and that different people
mught give different opinions as to whether or not minimal stimulation
had occurred. I felt that for our purpose, where we wanted to assay
Preparations as eccurately as possible, that the crop weight method was
really the most objective and less open 10 indvidual vamations between
observers.

SEGALOFF: T agree with Dr. Folley. We tried mimmum stimulation
haning more than one person do the estimations and having no idea
what the birds got, and when we got through we had no 1dea what the
birds got either!

Ganpua: Do you feel that this is the most accurate method?

FoLLEY: Yes, defimtely. I think the minmmal method 15 very useful

far ling chemical of prol as a sort of semi-
Quantitative test, but personally 1 feel that for real accuracy in assaymg
2 preparation, ths is the best that 1s available

Gappe One of your lambdas was as good as the one that Dr. Sega-

loft produced.
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for a constant dose, the mean resy to j was
higher than the mean resp to nt lar injections. I think I'm
right n saying that the velume of the mjectorate has also been found
to affect the response. !

Foriey: We always adjust the pIl as near neutrahty as possible to
keep the hormone in solution I would sny that in all these assays jou
can tahe the pII as being never hugher than pH 8.

Ls Perhaps I could answer Dr Astwood's questton about the com-
parison of subeutaneous and mtramuscular administration. The suber-
tancous method 1s about twice as sensttive as the tntramuscular, in our
cxpenience: the minimum effective dose subcutancously is ¢ 1 mg. per
day; intramuscularly, about 0 2. The pH drd not affect the sensitmty
very much, we changed it from pH 4 up 10 pII 8 We thought‘nfvonf

times Copper sulphate and zine su]phnt.e have been tried, but they have
not mereasedd the actvity, -

decreases very markedly after it comes inta the laboratory—sometimes
as much as 100 g. So we always take the final body weight of our ass2y
animals

Crarkr- We also generally experrenced a loss mn the body weight of
the pigeons This loss 1n werght was i most cases greater for birds
recetving low doses of prolactin than for those recetving higher doses,
and it was this mdication of a relstionship Letneen size of dose an
loss 1n body weight that Jed us to use the initral rather than the final
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' attempts to utilize the local crop
v, Fig. 1 illustrates why this was
reaction, which resembles fat
~ the crop response but, as well as
~ with absorption of the hormonaily
site of mnjection. VWhen attempts
r such extracts subcutaneously or
swelling of the area, which had the
.ould actually develop in the ammal,
ts was it possible to concentrate the
1g with 1t this non-specific reacting
was necessary to substitute for the
wchion the extraction procedure and
utlined.
.tration involves alcohol precipitation,
the preeip and reprecipitation.
sily prepared, relatively non-toxic to
ceastonal specimen will kil one or

| of Prolactin from Urine
fine sp during

ght of NaCl
Vacetic acd if necessary
- cent aleohol

sht in refrigerator

oft and

per cent alcohol, twice with ether; dey over-
mperature

late with 3% 15 ml. dist. H,0, 80 mun with
1
.urly changes of 0 5 per cent NaCl at 5-8°C

¢t within membrane add 0 1 g NaCl (as 0-5
ution) and 4 volumes of 95 per cent alcohol

w1 overnight in refngerator,

nt precipitate as before,
r woasay
e
L e



Fra. 1. Nonspeefic reaction from local mjection of urmary
prolactin concentrates,

To face page 107]
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Table 1

CALCULATION of RESULTS of ASSAY
¥+ averoge IO WEIGY (o0 agch group of 4 birds
body welght
1t Is assumed that the ratio of ¥ varies linearly be-
tween 2.5 1U ond 40tU +2.5 1V

This implies u = .80
¥Yes Yeao “Yze
where u = units of utinary prolactin received by
each

Hence u-(y:__y"_) By g

and 1U = s(m _y“) Geveg

Let C =5 40 . __200

(nu -y”) Yoo ~ Yz
calculated from control data for each assay group
(10 patients) LU =G ty-Yzs)

PROLACTIN EXCRETION in NORMAL MENSTRUAL

200~ CYCLES

é prormimi—re
\Q 150 /!

s 7/

3 7

% 7

3 lool I~ 7

N oo f

B / oy

€ ;S -
§ sor 7 ,{/ -
N ;f‘{/ L e ~

2 6 10 14 18 22 26

Doy of menstrual cycle
¥i6. 2 Prolactin excretion m normal menstrual cycles.
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Assay Procedure
1. Preparation of Exiract for Injection
Residue ground and extracted with 40 ml. H,0 dist. for 2 hr.
After centrifuging, the supernatant 1s decanted

2. Infection

3. Controls
(a) Group given only the 2 51 u. subcutaneous dose
{b) Group given 1.v. 401U per prgeon-+2-5 1 u, subcut,

(¢) Group ununjected.
.

4. Autopsy
5th day—mirds killed and weighed. Crop removed, spread flat,
cleaned, opened, blatted dry and weighed at once.

There is one major difference n this assay procedure as
opposed to that presented previously by us {Coppedge and
Segaloff, 1951) in that nstead of adding the booster hypo-
physeal prolactin to the material administered intravenously,
it is given as a separate subcutaneous injection, with two
purposes in mund, First, 1t saves hypophyseal prolactin,
and secondly, 1t obviates the question that the positive assays
are due to leakage of the much larger amount of intravenously
administered hypophyseal prolactin around the site of
injection,

In Table I 1s a brief run-down of the method of assay
caleulation. This 1s stmply a reduction to mathematical
terms of the assay results so as to avoid plotting each assay.

Only a few results which are suggestive of the usefulness of
this assay procedure will be presented. Fig. 2 is a composite
of the curves obtained from several normal young women on
whom more than two specimens eould be collected during the
cycle, With one exception, all these curves show a rise at
the latter half of the cycle. This suggests that the prolactin-
like material being measured may be indeed Iuteotrophin.
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DISCUSSION

Fourey: In your assay, how many doses did you grve of each pre
paration?

Scoarorr One dose of unnary extract, Four birds for the unknown.
Four birds for two levels of laboratory standard.

orLEY Twelve altogether?

SeeALOFF- Yes But actually several urines

ForiLey: Were they all piven the booster dose?

Secavrorr In the past 1n each assay we have included some without
the boaster dose, but 1t’s too expensive in terms of birds and other costs
In the actual assay now we always use the booster dose, and have
topped carrying the laboratery standard 1 birds that don't get the
booster dose. So actually we give all the birds the booster dose subcu-~
taneously and then the two levels of the laboratory standard intra-
venously,

Foriky Is that a Bates prolactin?

SEGALOFF. Yes, & Bates sheep prolactin

Foriry. About 22 1u /mg ?

Secavorr. It's almost exactly 20.

Crooxe In wiew of the very severe local reaction, have you tred
using tounetion at all?

SEGALOFF: Yes, and 1t doesn't work. Maybe we just haven’t put the
matenal in the nght velucle

|}IARlus~ Is there any da':n asto what‘pm’t the ammal’s own prturtary

Jected cestrogen, or whether 1t might have been due to “suppression™ of
the amimial’e vidy1ita:

PRS- S A
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Fig. 3 shows the data obtained during a few Ppregnancies.
Unfortunately most of these are scattered values, but here
too there secms to be a tendency toward increase as pregnancy
progressed. .

There are also small increases m prolactin excretion when
patients are treated with luteotrophic doses of chorionic

300 PROLACTIN EXCRETION in PREGNANGY
250 /

200}

1Y Urinary prolactin/24 brs
&
3

—1_ ¢ 3 L
eviore piesrancy 4 8 12 16 20 24 28 32 36 40
Time in weeks

Fic 3. Prolactin excretion mn pregnancy.

gonadotrophin, which would seem to fall in line with these
values presented for pregnancy.

Prolactin excretions have also been followed in a fair
number of patients with advanced eancer of the breast who
were being treated with various types of steroids; and to date
the only steroid that seems to produce a consistent change 1s
testosterone propionate, which produces an increase (Segaloff,
et al., 1951). . R

In summary, we have presented a method for the assay of
urinary prolactin activity and the results obtained in applying
this assay in some Tepresentative normal and pregnant wormen.
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DISCUSSION

Fotrey: In your assay, how many doses did you give of each pre
paration?

SEEALOFF* One dose of unnary extract. Four birds for the unknown,
Four turds for two levels of laboratory standard

Foriry: Twelve altogether?

SEGALOFF: Yes Dut actually several urines

FouLey. Were they all given the booster dose?

SEGALOFF: In the past In each assay we have meluded some without
the baoster dose, but 1t’s too expensive in terms of birds and other costs,
In the actual assay now we always use the booster dose, and have
$topped carrying the laboratory standard n birds that don’t get the
booster dose” So actually we give all the birds the booster dose subcu-
taneously and then the two levels of the laboratory standard ntra-
venously.

FouLey' Is that a Bates prolactin?

SEGALOFF* Yes, a Bates sheep prolactin.

Forrey: About 22 1.u fmg ?

SEGALOFF. It's almost exactly 20

Crooke: In view of the very severe local reaction, have you tned

'

1t you give eestrogen to pigeons at the same time as prolactin, again you
get a decreased response. Ve never went into that further to find out
whether the decreased Tesponse was due to anorexia caused by the m-
Jeeted cestrogen, or whether 1t might have been due to “suppression” of
the animal's pituitary, as 1t might possibly have been
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Astwoon: If the substance being tested is the same as the matenal
given as the booster dose, I can’t see how greater sensitivity or greater
precision can be obtained I should think it would mmply that the
material given was qualitatively different.

Sceavorr: I don’t see why it has to. In our experience, and also
{from the published and unpublished data of both Bates and Hall, you
have to gmive a farly substantial amount before you start getting in-
creases. The 2 5 unit equivalent that we use as a booster dose will give
a barely detectable response, and adding another increment of 2:5 units
to that gives you a tremendous response.

Gapoum The dose effect curve must be S-shaped, and you have to
get on the steep part of it.

Secarorr Yes, that’s it.

Forrey: We have actually found 1t to be S-shaped.

= A . S

of

.
he

Rosson- In the sttes where you injected the preparations and gov 8
local reaction, did you get leucocytic infiltration?

SecALoFF. There 1s a farr amount.

Rosson: We've mjected gonadotrophin locally into corpora lutes,
and you get a very curious type of reaction there with cellular mfil-
tration, and the formation of layers of fibrous tissue around it. An
that’s 2 pure P dered whether there was
any relation between these effects, and whether you mght possibly
ehminate your local reaction if you could ehminateé the gonadotrophin
from the prolactin extract

B . e mee

n
. u

get a special type of urinary prolactin A foreign body reaction vt wat
type has been demonstrated with preparations of complex polypeptides
SEGALOFF: Of course any untreated urine we've ever tried will do this.
Crarxe: 1 should like to ask Dr. Segaloff 1f 1t has been possible for
him to obtam any evidence on the similanty of the log dose-response
curves for the urine preparations and the international standard
Secarorr That’s one of my troubles. I haven't been able to budd
up & big enough supply of material to get good enough data to talk about
the comparison In the few expeniments we have done, mostly using
the preparations made from pregnancy urne, it does look as though
they’re parallel curves e
MacraGA?r '
about the re
surprising. Y
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treatment with testosterone, which was rather the reverse of what I
would have expected.

SEcALOFF: Why the testosterone did it, T don't know. We used many
other steroids, and so far testosterone 1s the only one that shows an effect.
1tis not 100 percent 1though the d f it
with int: fon1s very
Pt St

RO oRAR P e i

Macraaan- Did the results of the assay have any relation to the
chnical response to treatment?

SecavLo¥r: We have been unsble to correlate the prolactin results with
Al anmmmon ¥ o Sk 233 Bk el Sl bmm ek i ok manhn Shan doin

have obtained 1n normals, there 1s a defimte tendency to inerease with
2ge. Our highest valies have been obtained in the few we've had in
o IO VATIES ARV e o I R T e e

who shaw a lower than expected value have

all fallen in the group who have faled to respond to testosterone. The
same 18 true of the other steroids, but we don’t have as much data as
for toctnctomana  NF an = 4w 231 g mm meedn aemamans] s n abhas

that eancer is u chrome dlness'

Ronson Have you done any male urines?

SECALOFF Yes, a great many And the activity oceurs in male urine,
I don’t know what 1t’s downg there. As in women, the highest values
have come with the oldest ones, and in the few boys that we’ve done
we've found nothing.

Rosson How do the activities in the male compare with the female
Values? Do they come up to the hugh or low level of the menstrual eycle?

SEcarorr They're mostly at the lower level of the menstrual cyele,

Rosson: Do you get hugher ones too?

SzeavLorr: Only in the few old men we've tried.

Guuuiann: Have you tried any men with Klinefelter's syndrome?
- Snst.\mn: e have, but at the moment I don’t remember what

e got.

Foriey: Have you tried any hypogalactia cases, as compared with
normal post-parturient women?

mossaay 9
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Secarorr: We have a few, and the values scem to be about the sane.
We"ve had several cases of persistent lactation, both with and withoot
amenorzheea, and we have two of them in whom we have followed the
prolactins all the way through the cycle, and in both of them the values
are distinetly higher than most of the values obtained in the others.
Y mght add, however, that the commonest way to cure this peculiar
syndrome 1s to refer the patients to a psychiatrist; in both of thes
patients the persistent lactation ccased afterwards.

Foriey- Would you say that psychiatnsts could cure the Chian-
Frommel syndrome?

SecaLoFF: 1 would hesitate very much to say so. I hate to tag8
name like that on te what I think is an exceedingly heterogeneous group
of patients. .

Loras~e: Have you any observations in pathological conditions during
pregnancy? .

SEGALOFF. One of our patients developed a tovmia in u‘;'c r:x:ﬂs'l“:l{
s 2 e e e RV Lo o mamsmames anllan

care of her to ask for another specimen, we discovered that she was In
the hospital with pre-eclampsia. She lost the baby that time. She
beeame pregnant again and developed chnical diabetes at the sixth
month of pregnancy. We haven't completed all the assays, but her
pregnanediol excretions just before the diabetes came on were loner
than they had becn before. That's the one accident of pregnancy that
we've had so far,

FINGL. When you esttmate that a 24-hour urie sample contains 100
i.u. per 24 hours, what 1s a good estimate of the error of that determifia-
tron? P
Sraarorr- 1 honestly don’t know what a good estimate of 1t would be-

TincL: Could the estimate be off as much as two-fold?

Secarorr: Using four birds as we do, and if the results are qutte
consistent, I don’t think 1t’s very hkely Ve have several people, -
cluding some of the men m the Inboratory, from whom we have as many
as 5 and 6 determmations, 1n which the greatest error 15 about 4 or 5 per
cent 1n the deternnunations, yet we have others in wluch there has been
a much bigger spread. But some of our breast cancer pfments, !01
example, on whorm: we have several determunations in period< durmxi'
which they're getting no therapy, have been quite consistent, and
would say that most of them have ot varied by more than sbout 20 per

cent.



Part IV—Growth Hormone

BIOASSAY OF GROWTH HORMONE*
C H LI

Introduction

Mernops which have proved useful for the bioassay of
growth hormone will be briefly outlined and discussed here.
An evaluation of these methods by direct companson is
difficult, since they have been standardized in different labora-
tories, under different conditions, and with hormone prepara-
tions of different potency and purity. However, certain of
the methods have been studied in this laboratory using the
same hormone preparation, and from these data some evalua-
tion of the procedures can be attempted. A histofthemethods,
given below, includes both those which have been thoroughly
studied and are generally accepted as assay procedures, and
those which have been suggested for the bioassay of growth
hormone but which either have not gamed general acceptance
or have been insufficiently explored.

Methods Avalable for the Bioassay of Growth Hormone

A. Well-established Procedures.

1. Increase i weight of normal plateaued rats.

2. Increase m weight of hypophysectomized rats.

3. Increase m weight of dwarf mice.

4 Increase m tail length of hypophysectomized rats

5. Tncrease n width of the proximal epiphyseal cartilage of the
tibia of hypophysectomuzed rats.

Suggested Procedures
1. Increase m hiver weight
o ¥ R -

3.
4

=

5 .,
6. . idioactive
tracers

*Arded 1n part by

¥ research grants from the American Cancer Society, the
Albert and Mary Laskes nd the Y
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Increase in Weight of Normal Plateaued Rats
One of the first noted and most easily demonstrable effects
of growth hormone 1s the acceleration of the growth of normal

rats, The details of the procedure as used in this laboratory |

may be briefly outlined as follows:—

~ Adult female rats of the Long-Evans strain, 5 to 6 months
old, weighing 220 to 280 g., in which growth stasis can be
demonstrated by failure to gain more than 10 g. in 20 days,
are satisfactory for the assay prodedure. Male animals have
not been as satisfactory as females. Diet and anmal room
cohditions should be kept constant. The anmals are weighed
at 5-day intervals. Injections of hormone are made intra-
peritoneally daily for a specified ' period of time. Originally
a 20-day test period was used, but a 15-day injection period
has been found to be adequate. Growth hormone prepara-
tions of different potency tested by this method have produced
log dose-response curves which are very nearly parallel,
indicating that the response is reproducible. There is some
variation in the responsiveness of the animals at different
times of the year, so that 1t is essential to control assays with
a standard hormone preparation, preferably the pure hor-
mone, whenever possible

Increase in Weight of Hypophysectomized Rats -
Cessation of growth in the hypophysectomized rat and 1ts
resumption following implantation of whole pituitary glands
was first demonstrated by Smith (1926, 1927, 1930). Among
the first to utilize these phenomena in the assay of growth-
promoting extracts of the anterior hypophysis were Van

Dyke and Wallen-Lawrence (1930). The procedure for the +

hypophysectomized rat weight test as used in this laboratory
may be described as follows:—

Tmmature female rats are hypophysectomized at 26 to 28
days of age, and, if evidence for completeness of-operation
has been obtained, are used for assay 10 to 12 days later. The
criteria for completeness of hypophysectomy are: limita-
tion of body weight gain to 7 g. in the pre-mjection period,
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impairment of body tonus, maintenance of infantile hair, and
the condition of the sella turcica at autopsy. The hormone is
,injected intraperitoneally daily for 15 days, or, more recently,
for 10 days.

. When it was analysed statistically it was found that the
hypophysectomized rat weight test is shghtly less precise
than the plateaued rat weight test. This 1s substantiated
by the fact that, using the same hormone preparation, a
larger multiple of the dose is necessary to produce a significant
increment of response with the former than with the latter
method. On the other hand, the hypophysectomized rat is
considerably more sensitive 1n its response to growth hormone
than is the normal plateaued rat

The Tibia Test

The cessation of growth of the epiphysis following hypo-
physectomy in the dog and cat was first reported by Dott
and Fraser (1928). Tt was later shown by Kibrck et al.
(1941) that the epiphyseal cartilage response mn young hypo-
physectormzed rats to mjections of increasing amounts of
growth hormone over a 4-day period fell into a straight line
dose-response curve when plotted on a semi-logarithmic
seale, On the basis of these findings, the tibia test for the
bioassay of pitwitary growth hormone was proposed by
Evans, Simpson et al (1943). The procedure, mn brief, 15 as
follows:—

Immature female rats mamtained under standardized con-
ditions are hypophysectomzed at 26 to 28 days. The criteria
for the completeness of hypophysectomy have already been
mentioned. After a postoperative mterval of 12 to 14 days,
the amimals recetve daily intraperitoneal mjeetions of growth
hormone for four days. Twenty-four hours after the last
injection, the animals are sacrificed with ether or chloroform,
one or both tibix: are dissected free from soft tissue, and split
with a sharp razor in the midsagittal planc.  The bone halves
are stained immediately or fixed in 10 per cent neutral forma-
i, Prior to stamng, the bone halves are washed in water



116 C. H. L
Increase in Weight of Normal Plateaued Rats

One of the first noted and most easily demonstrable effects _

of growth hormone is the acceleration of the growth of normal
rats. The details of the procedure as used in this laboratory
may be briefly outlined as follows:—

- Adult female rats of the Long-Evans strain, 5 to 6 months -

old, weighing 220 to 280 g., in which growth stasis can be
demonstrated by failure to gain more than 10 g. in 20 days,
are satisfactory for the assay proéedure. Male animals have
not been as satisfactory as females. Diet and animal room
conditions should be kept constant. The animals are weighed
at 5-day intervals. Injections of hormone are made intra-
peritoneally daily for a specified'period of time. Originally
2 20-day test period was used, but a 15-day injection period
has been found to be adequate, Growth hormone prepara-
tions of different potency tested by this method have produced
log dose-response curves which are very nearly parallel,
indicating that the response 15 reproducible. There is some
variation in the responsiveness of the animals at different
times of the year, so that it is essential to control assays with
a standard hormone preparation, preferably the pure hor-
mone, whenever possible.

Increase in Weight of Hypophysectomized Rats -
Cessation of growth in the bypophysectomized rat and its
resumption following implantation of whole pituitary glands
was first demonstrated by Smith (1926, 1927, 1980). Among
the first to utilize these phenomena m the assay of growth-
promoting extracts of the anterior hypophysis were Van
Dyke and Wallen-Lawrence (1980). The procedure for the
hypophysectomized rat weight test as used n this laboratory
may be described as follows:— ,
Immature female rats are hypophysectomized at 26 to 28
days of age, and, if evidence for completeness of-operation
has been obtained, are used for assay 10 to 12 days later. The
criteria for completeness of hypophysectomny are: limita-

tion of body weight gain to 7 g. in the pre-injection period,
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established since the first report by Smith (1983) of this
synergic action between the two hormones. On the other
hand, the growth-promoting activity of growth hormone is
known to be antagonized by the action of ACTH. The
biologieal potency of growth hormone may therefore be
expected to be modified by the p of these h

Indeed, recent experiments in this laboratory indicate that
the sensitivity of the tibia test can easily be altered by
simultaneous injection with ACTH or thyroxine.

Although the specificity of the tibia test has been studied
by Marx, Sumpson et al. (1944), it has only recently been
discovered that thyroxine alone causes a definite stimulation
of the tibia width outside the range of non-speaificity
established by Marx et al. Furthermore, thyroxine enhances
the potency of growth hormone (see Table 1)

Table I

ErvEcT oF THYROXINE AND IT8 CoMBINATION Wrtn GROWTH HoRMonE (GH)
ON THE WIDTH OF UNCALCIFIED CARTILAGE OF HYPOPHYSECTOMIZED FEMALE

RaTs

Total dose,

“ No of | Discuwidth P oalues

GH | Thyromne | o7 mera

0 o 36 | 166

25 o a | s

50 o 14

0 8% 9 203 (opg)y | LIV <0 0001
o 261 12 | 231 (46pg)} | IV 0 001
25 261 15 | 253 VI <0 001
50 261 16 | 273 LV <20 001
50 8% 14 ) 262 TLL-VIIT 001

3248 daily for 4 days benming 11th day after hypophysectont
2 ug daily for 13 days, beginrung on the day of hypophys
xmue. o pareninencs waate The GIF casrvalont ok shad from the GIL standardization

There is some evidence that the thyroid of hypophysec-
tormzed rats may continue to manufacture and secrete a
minute amount of thyroid hormone. If thus is 50 1t would be
supposed that removal of the atroplied thyroid of hypo-
physectomized animals must lower thewr responsiveness to
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for half-an-hour, immersed in acetone for at least one hourand
then washed in water again for half-an-hour. They are then
plf\ced in ‘freshly prepared 2 per cent silver nitrate for 13-2
minutes, rinsed once in water, and while under water exposed
to a strong light until the caleified portions appear dark
brown. They are then immersed 1n 10 per cent sodium thio-
sulphate for 25 to 80 seconds, and washed in running water
for half-an-hour. They are stored in 80 per cent ethanol in
the dark. The width of the uncalcified epiphyseal cartilage
is l.ncasured under the low power of the microscope, using &
cahb‘rated i er eyeprece. A mini of 8 to 10
readings are taken and the results averaged.

Ananalysis of the method has been made by Greenspan efal.
(1949). It was found that with groups of 8 to 10 animals,
between dosage levels of 5 to 120 #g. of highly punfied
growth hormone per animal per four days, a straight line
log dose-r T curve was obtained. Over this range, an
aPproxima\‘.c doubling of the dose of hormone produced &
significant increment 1n the response. ‘The great advantage
of the method is its high sensitivity. It wasdemonstrated that
a t()t!‘ll dose of 5 ug. of highly purified growth hormone was

i to produce a significant in the width of
the cartilage plate in the hypophysectomized rat under the
above conditions.  Thns 15 2bout one-tenth to one-twentieth
the quantity of the } y to p a signifi-
cant increment in body weight of the hypophyscctomized rat
in the 10-day test. A second advantage of the procedure is
the short mjection period, which is four days. It has been
shown that any shorter injection time is unsatisfactory, but,
on the other hand, increasing the injection period does not
add to the sensitivity of the response.

Factors Influencing the Tibia Test*
That concurrent admimstration of thyroid hormone
enhances the activity of growth hormone has been well-
*The data discussed in tiis section are taken from the unpublished work
of Geschwind and Lu, 1952.
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nism is cancelled when thyroxine is present (see Table IV)
Whether thyroxine counteracts the cffect of ACTH directly
or through its synergistic action of growth hormone remains
to be investigated.

Table IV
INTERACTIONS OF Grown Howstone (GH), ACTH AND THYROXINE I¥ THE
14 TesT
Experament No of vana Dre undth

Contml . . . 36 166

. . 21 225

GII+ACTH PR 16 193

GH 4 thyrowne 15 253

GH + ACTH +thyrovine - 16 239

GIL, 25 ug total dose, 2 yg_thyroxine daily and 200 ug ACTH daly for 13 days, beginmng
tn the day of 'hypoph sector omy
Conclusion

From the foregoing account, 1t appears that the assay of
the growth hormone activity of a crude preparation by any
of the above-mentioned methods would offer great difficulties.
The presence of minute impurities such as thyrotroplun
(TSH), ACTH, ete., might result 1 an 1ncorrect estimation of
the actual potency of the hormone. Itis thereforc proposed
that, for 1deal results, hy pophysect d-ad 1
thy: ized-gonadectomized amimals should be em-
ployed for the bioassay of hypophyseal growth hormone.
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growth hormone injections. This was found to be the case.
It 15 evident from Table II that 50 pg. of growth hormone
does not stimulate the tibia in hypophysectomized-thyroidec-
tomized rats, whereas the same dose induces a good response
in hypophysectomized animals. However, when thyroxine is
injected in these double-operated animals, the responsiveness
is restored. .
Table 1L

Tue EFFECT OF Ty ROIDECTOMY ON THE SENSITIvITY OF THE TInia TEST
Fox Growr: Homstong (GH)

(573 Thyrox V6 D ndth | GH equte
Condons | g il IR L
I H+ 50 [ 9 240 &
H-Tt 50 0 12 185 (0)
H-T 50 8¢ 6 223 31
I n 400 [ 295 (400)
T 400 o 10 215 22
n.T 100 8t 5 253 103
I H 50 0 5 252 105
T 50 o 8 176 ©)

*H, hypophysectonnzed at 28 days of age
T, thyroidectomized at 34 daya of age or 8 days post-hypophysectomy.
g thyroxine daly for 4 daya simaltaneousty with the growth hormone fnjections
Preparation L16724 was used 1n Expenments I and IT, Prep L2265BP in Experiment I

The antagonistic action of ACTH to growth hormone as it
affects the tibia test may be seen in Table ITII. This antago-

N Table III A

Errecr oF ACTH Prus GH 0N THE WIDTH OP UNCALCIFIED CARTILAGE OF
TiBia OF HYPOPHYSECTOMIZED FEMALE RaTs

Average wrdth of

Preparation Tota does No of vats um"i'f/u: cartilage

GH 0 05 9 294 448 Of
S _AciI 40 10 115 6155
GH-+ACTH " 0-05+4-0 10 142 846 2
‘Uninjected Controls — 10 163 2£4-6

. 7 & 4.da .110d mto female rats, starting 10-14 days after hvpophysectomy
at ATSCtl ot age - Tne ACTH was guven in three daily doses
fMean 4 standard error
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1o see if the in wtro effects of growth hormone could be employed as an
assay technique.

Fortey We have found a good dose-response relationship for the
stimulating effect of insulin on fatty acid synthests in mammary gland
shees tn 12tro, and I would imagine that with a constant amount of
insulin you would probably get a dose-response relationship for the
antagomstic effect of growth hormone on the insubn effect.

Lt That would certamnly be anideal assay methed.

Forrey The only thing that's rather troublesome 1s the extraction
of the fatty,acids, which takes a couple of days; and you need counting
equipraent, of course.

Romsos- Dr Li, have you any evidence whether ACTH inhibits the
effect of thyroane on the thyrod? It seemed to me that the ACTH
presumnably inhbited the effect of growth hormone on the thyroid, and
it reminded me of those findings of Reiss, of ACTH mhibiting the effects
of gonadotrophins 1 wonder if there 1s any evidence that there 1s an
effect of ACTH on the taryet organ for thyroxine.

SeQaLoFr: May I ask a similar question? Here we are thinking of
using this R CE -
growth ho
happens 1f
the growth ..
if we have a preparation beyond a certan degree of purity, ean we 1gnore
the contamination with ACTH and thyrotrophin?

L1 Since only very small amounts of thyroxine are needed to pro-
duce a very marhed effect, 1t would be expected that a TSH contarunant
n & growth hormone preparation would be a factor which would inter-
fere senously with an accurate estimation of the amount of GI activity
It might also be expected that 1f the contamnant were ACTIL, a very
small amount might actually act synergistically with growth hormone,
whereas a larger amount does mhibit the growth hormone activity
The of these as they

extract, given with the growth hormone, can remarkably dimimsh ifs
effect.
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DISCUSSION
Reuip I wonder if Dr. L1 has found vatiations in sensitivity from one
run to another. The use of a unit based on an absolute response I think
1s warranted only if the sensitivity 15 constant. And I do find that with
intact rats their sensitivity varies quite considerably from test to us!)
e e - ER A ORI

' . . -
1n 1942, So that the amount of hormone needed to get an assay of 8
given accuracy 1s not so great as one might anticipate .

I'm very nterested m this effect of thyroxine and thyrordectomy 1
the tibia test Is 1t correct that the body weight increases are not in-
fluenced by thyroidectomy?

L No The body weight 1s also changed by thyroidectomy. I think
the basic fact 15 that growth hormone 1s growth-promoting e
thyrordectormzed ammals, but they require a higher dose, The tibia
test, too, 1s less sensitive mn thyroidectonuzed animals.
REID: You haven't tried adrenalectomized ammals?

ven in

o the

Lr This 15 always the case—the growth hormone promotes body
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With purified growth-hormone preparations, 5 mg./day is &
suitable dose in a typical cat. If no response is obtained after
six days, the dose is tripled. When the response is ohtatned
and injections are stopped, the urme becomes sugar-free in
one to four days, and the animal 15 then rested for at least
six days befare the next test is commenced.

Relationship between Dose and Time to Induce the
Response

A series of tests with a sterile crude pituitary extract in

Cat 117 is shown in Fig. 1. Despite a tendency for sensitivity

to diminish, discrimination between different doses was ob-

. tained, at least with those which gave the response only after

five or more days of treatment, Since similar diserimination

TEST 3
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F0.1, Tests with a crude pitmtary extractin Cat 117 Perod
of treatment denoted by hatched rectangle, the height of which
. s proportional to the daily dose (also 1ndicated numerically).



ASSAY OF GROWTH HORMONE FOR
DIABETOGENIC ACTIVITY

E. REID

Younc (1945) found that the intact cat regembled the
mtact dog in its smtability for testing diabetogenic pituitaty
preparations, although the eat was more prone fo Jose appetite
during testing. Despite this disadvantage, the cat has
proved to be suitable (Reid, 1951c) fol quantitatively deter-
mining the diabetogenic activity of beef anterior pituitary
extracts, or of growth hormone itself, which appears, from
our present evidence, to be the main actve constituent of
such extracts. In comparison with the intact cat, the partially
depancreatized or alloxan-diabetic rat 1s rather insensitive
as a test animal for this purpose, and indeed is qualitatively
different since 1t responds more readily to ACTH than to
growth hormone (Bennett and L, 1947; cf. Reid, 19514, 1951).

The assay method 1s based on the finding that there s, wlt.h
a given test preparation 1n a given cat, an inverse relationship
between the dose and the period of treatment required 10
mduce mild temporary diabetes. This relationship can be
demonstrated quite consistently, with the practical limitation
that most cats become refractory (insensitive) sooner or later -
during a prolonged senes of tests.

Experimental Conditions
The tests are performed in healthy adult cats, preferably
male (or male castrate), which are maintained on a meat diet
{Young, 1945; Reid, 1951a). Food consumption and ur‘ine
output are measured daily. Injections of the test preparation
are given subcutaneously once daily, at a dose which 18
considered likely to induce a 24-hour glucose excretion
exceeding 5 g. (**5 8. response”) after six days of treatment.
124
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to a value of unity for the ratio (nitial dose/6-day dose).
Only in the case of some responses obtained in four days or
less were there marked divergences from this linear relation-
ship. Data obtained from more recent tests have now been
sumilarly plotted (Fig. 2), the straight line being positioned
exactly as before (Reid, 1951a). It will be noted that these

Perlod of treatment (ays) to induce 5g response
S

Ll NP IS U S L 01 11 SO PO SR (OO WSS |
s 2 3

03 On DSOSO_’OGO"I
wtial dbtx/&doy dose (log scald)

Fic 2 ‘between dose of h-he repara-
tions and period of treatment requred to duce diabetic
response 1n ntact cats

more recent data, especially those for responses obtamned 1n
5-8 days, are satisfactonily represented by the line based on
the earlier data. It appears, then, that the relationship
found originally in Cat 117 applies to any cat under our test
conditions, provided of course that a refractory state does not
develop during a series of tests

Routine Assay Procedure

. In routine assays the six-day dose of each test preparation
is obtained directly if the dose was such that the response
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was found with other diabetogenic preparations in this ca
An assessment of the relative potency of two preparation
could validly be based on determinations of the Tespectiy
doses which were effective n 2 given time, say six days, I
moreover, the period of treatment required to obtain the 5 g
response bore a constant relationship to the dose, then fo
any test preparation the daly dose required to induce th
response in six days (*'6-day dose™) could readily be ealeulated
from that employed in a test m which the response was not
obtained in exactly six days.

The following procedure was adopted (cf. Fig, 2) to ascer-
tain whether the relationship could validly be regarded as
constant, not only for different test preparations, but also
for different cats varying mn absolute sensitivity. In each of
A series of tests (cf, Fig, 1) the “6-day dose” was found
empinieally, or was estimated roughly from the doses admins-
tered (1f none of the responises occurred m exactly six days}
by mterpolation or extrapolation over a small range. The
dase employed uutially i each test was then expressed asa
fraction of this six-day dose, and the logarithm of this ratio
plotted agamst the number of days required to induce the
response. It 1s evident that any small error in estimating
the denominator—the G-day dose—in a series of tests would
affect only the position, and not the slope, of a line joining
the points plotted for that series. Since anorexia during &
test delays the appearance of the response, data from tests
m which there was severe anorexia were discarded. I,
however, there was mild anorexia on, say, one day in a test
in which the response occurred in 2 days, 1t scemed reasonable
to plot the pomt at (z~—1) days instead of at & days. A
similar eorrection was applied if the 5 g. Tesponse was ‘‘non-
typical” in the sense of bemng either unusually large {exceed-
ing 15 g.) or preceded by a glucose exeretion just short
of 5g.

Thi points thus obtained, for numerous fest sen'es‘in
several cats, were found {Rexd, 1951a) to fit a straight line
which was, of course, pasitioned so that six deys corresponded
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The latter criterion is fulfilled if the actual response in each

test is obtained in ahbout 6 days (5-8 days), and if the food

intake is almost constant throughout. Success in keeping
, food ntake constant depends not only on restriction of the
daily food ration, but also on stimulation of appetite, when
necessary, by suitable persuasive measurest Fuller consider-
ation has been given elsewhere (Reid, 1951a) to criteria for
roughly assessing the relative rehability of different potency
values. To gather enough data for mgorous statistical treat-
ment would probably be a formidable task.

Table 11 gives somme potency values which were determined
in dupleate, excluding any assays in which the conditions
were considered poor, There 15 fair agreement between
duphicate values obtained for the relative potency of any
pair of test preparations, these including crude anterior
pituitary extract (beef), punfied growth hormone, and a
growth hormone preparation subjected to an nactivating
treatment.

'

Table If
DurLicate DererymiNaTions oF ReLaTivE PoTENcy

Baich nor of fest preparations Relatioe potency, AR
4 l B 13t assay 2nd anay

2794 276 082 0 96
284 276 21 14
202 17 GH enz 17 17

292 20 GH 14 ns
293 (21, 22) GH 70 50
242 24 GH 30 28

In conclusion it may be emphasized that the mtact cat 1s
one of the few animals suitable for testing growth hormone
preparations for diabetogenic activity, and that assays m the
cat are slow and require close attention to exper:mental
conditions; but otherwise the assay 1s simple  Its specificity
and sensitivity remain to be considered. The response m the
cat is specific for growth hormone, with the reservation that
the effect may be due to a factor closely associated with

Btossaay 10
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was obtained in six days; otherwise it is calculated from that
actually used, by formule (Table I) based on the above
relationship. A small correction may be applied if there is
mild anorexia, or if the 5 g. response is “non-typical” in the
sense stated above. If in such a test the response were
obtained in six days with a dose of 10 mg./day, the six-day
dose could reasonably be assessed as 9 mg. 1nstead of 10 mg.

Table I
ASSESSMENT OF “6-DAY Dose™ FroM A SiwcLe TEST UNCOMPLICATED BY
ANOREX14 OR “NON-TYPICAL” RESPONSE .
Daily dose Davs of et -day dase
x 1,20r3 <0 65x
x 4 0 65%
x 5 08x
x 6 <
< (6 days), 3% (1 day) 7 1 25%
x (6 days), 8% (2 days) 8 1-55%
< (G days), 3x (3 days) 9 1 95¢
x (6 days), 3x (+ days) 10 24
X (8 days), 3x (5 days) n 30 x

The six-day dose determuned for any test prepa{ation
refers only to a particular test in a given cat, and 1s in no
sense an absolute “anmal umt”. It is used merely as &
basis for comparing the potency of the preparation with that
of a reference preparation. Such a comparison may be
made by performing “cross-over” tests in two cats (Rexdy
1951a), or consecutive tests in a single cat:—

Test preparation 6-day dose Relative potency, A(B
B (initial test) by } by + by

A a e

B (final test) b,

For a satisfactory assay by the above procedure, it 1S
clearly desirable that b, should not be substantially different
from by (i.e. hittle change in the sensitivity of the cat), and
that &, b; and b, should be known with reasonable certainty.
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* Astwoop The effect on recently induced, but existing diabetes,
determining the rate at which the diabetes goes away.

RE: Unfortunately that works the opposite way. A very high dose
igrequired, at least 1n some cats, to orto { i
when 1t is already there.

Astwoop With a threshold dose, will the diabetes appear and then
pass off?

Re1p: If one obtained a small response on the sixth day, shall we say,
and continued to mnject the same dose, the response probably would tail
off. That is why ¥ think it 15 desirable to increase the dose after six days

was no marked change in blood sugar at 1} and 3 Liours after injection
of growth hormone. That’s all the information I have.

¥raser. Do they diminish the hypog] of insulin 1
to this diabetogenie activity?

Rep: I have not studied that, but I thunk that conclusion is impliait
in the work 1n Wilhelmi’s laboratory with rats, and in Young’s earher
work with dogs.

Gappust: Could you make the cats more sensitive by giving them a
Little phlorrhizin?

Rein: One should be ahle to  One can pick up a shght nise 1n blood
sugar quicker than a glycosuna. I have a defimte impression, however,
that a response based on a certain blood sugar level s less closely related
to the dose than the glycosurie Tesponse

Gappun: Tf you gave enough phlorrhizin to cause a small glycosuria
then you nught expect that & small dose of growth hormone would
ncrease 1t,

Remm: Yes. Ihaven’t tried that.

Voot Is there some reason why in cats the male seems to be more
favourable 1n these tests, and why m the growth hormone tests Dr. Ln
has been talking about, 1’s always female rats?

Remw In the cat tests T prefer to work with males because 1t is not
knawn, and has not been systematically studied, whether an ammal’s
coming on heat does affect the response Females, when we have had to
use them, have worked quite well

L1 In our case we have always used the hypophysectomzed animal
whether 1t is male or female Male rats are unsuitable for studies with

I they cont g, how oldtheyare.

AsTwoon. Could you campare the relative ments of the dog and the

cat, m this assay?

o1 about 2,
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growth hormene. The response also appearsto be unaffected
by the presence of other pituitary hormones, with the impor-
tant exception of ACTH, which can enhance the diabetogemc
action of growth hormone preparations although it is not
diabetogenic 1tself (Reid, 1951¢). This enhancing action of
ACTH rmught be exploited in testing ACTH preparations
for contammation with growth hormone, which might
¢scape detection in a conventional gro\vth-hormone test
because of inhibition by ACTH.

In an exceptionally sensitive cat & test may be performed
with a total of 15 mg. of growth hormone. Possibly this
rather large requirement could be reduced somewhat by
giving divided injecttons, or by delaymng absorption in some
way. A third possibility would be to “prime” the cat with
ACTH, which may under some circumstances produce &
two-fold increase mn sensitivity which may persist for over
two months. It is doubtful, however, if the hormone require-
ment could be reduced much below 5 mg. It thus seems
unlikely that the assay procedure could be applied to- bod)'
fluids, as the clinical investigator would desire.

- . - -=fiamend Auvmn #ha tannre of a Carnegie

. . ’
of the experimental animals.
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DISCUSSION
Astwoop. Is it possible to get some rough ]den ofpotency with smaller
- =1 then in that same
e effect on exisuny

diabetes? _



Part V—Adrenocorticotrophic Hormone

THE ACTION OF PITUITARY PREPARATIONS
ON THE ADRENAL CORTEX

M. P. STACK-DUNNE

Tre work here described is part of a programme of research
mto the properties of ACTH carried out at Cambridge
under the direction of Professor F. G. Young, Dr D. B.
Cater has carried out the histological work, and Mr H. B. F.
Dixon has collaborated very fully m the other mvestigations.

T wish to discuss our experiences 1n the biological identi-
fication and estimation of ACTH, and the interpretation of
the data obtained. The methods we have used have depended
upon direct examination of the adrenal, following acute
treatment of the amimal with the test preparations As yet,
po attempt has been made to study the adrenal secretion
directly, but we hope to do so n future work All rats used
1 the study of adrenal function have been hypophysectomized
adult male rats of a Wistar strain.

In recent years, the test most commonly employed for
ACTH has been the adrenal ascorbic acid depletion test
(Sayers, Sayers and Woodbury, 1848), and this with good
reason, in view of its speed, precwsion and specificity.  This
test has formed our chief enterion for ACTH and the basis
of comparison for other methods of testing. As this test 15
well known I need mention only pomnts of special interest.
We find with our steain of rat that the body weight must be
above 200 g to avoid undue vamation. It 1s alo essential
that the rats have abundant drinking water after operation;
lack of water strikingly lowers the sensitivity. Fig 1 shows
alog-d p curve ol d from tests performed over
a perwod of three weeks. There 15 a marked scatter of the
points 1n the region of the curve correspondmg to a dose of
0-125 pg. of the standard per 100 g. body weight of rat.
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Burres: Did Yyou find that thyroxine made no dufference?

Retw Thyvotrophin m two experments did not have any effect on
the activity of growth hormone,

Burrir. You dun’t try thyroxine?

Rem No.

Ixore: Dr. Frank Engel told me recently that the normal rat, which
does not develop glycosuria when given growth hormone by atself, does
develop glycosuria when treated with thyroxine and growth hormone s
combmation. Thus s not been published. Fle has ulso recently pub-
lished data showeng that sf the rat s given a subdabetogeme amount of
carticotrophun, the addition of growth hormone will canse glycosuns,
Dr. ¥r and I have gsinular findings 1 expenments that are under way at
the present time.

Ls: Have you confirmed the observation of Campbell 1 Toronta on
permanent diabetes, prod by one of growth b

Ren, I had the unpression that it was several mjections, but I may
be wrang, We try to avord permanent diabetes, but rarely we do tnduce
1t by acaident, by pushing the cat “over the brink™ in some way.

Burrir: How dong would 1t take to produce that?

Rexo: In the most tapd example we have had, diabetes developed
after, I thunk, the third syection 1n a series of tests; instead of the glyco-
suria tating off, it becane permanent.

Cox: What sort of mterval do you find 1t desirable to Jeave betneen
these tests to prewent such after-effects® .

Ratp A period of at least six days of sugar-free urine, This permanent
diabetes has been an extremely rare phenomenon, so that interval 15
generally adequate,

Cox: Have you tried giving the same dose a1 successive wntervals to
the same ammal, to see if there were any signs of the response changiog
progressively with time?

Rem I have ot done that systematically, but I have some data
shich suggest that 6 days is as good as 16 or 20 .

MAcLaGan; This 1s quite & minor pownt, but how do you “persuade’
your eats to eat?

Rer The simplest method 15 to avoid having stale diet exposed tg
them, by feeding them twice a day But af a cat 1s beginnmg to fook
“broody” about its food, one can quite legitimately give the anumal not
only the usual imnced diet {mawmnly cooked liver and raw beef) but some
buts of the raw meat alone, which most cats find more palatable If one
is desperate, and wants to save an mportant assay, ane can try milk,
which after all contains cow protein. These measures are usnally sue-
cessful 1f they’re assiduously pursued
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only 5 to 10 per cent would cause an apparent increase of the
ascorbic acid level sufficient to account for the observations.
The dose response relation has been studied most extensively
using Armour ACTH batch 84-85 H (3-45 times the potency
of La-1-A), which 1s a partially hydrolysed preparation, but
the effect has also been observed when using a crude ACTH
prepared by the method of Astwood and colleagues (Payne,
Raben and Astwood, 1950).

A second method of assay which we are using is an adrenal
weight repair method. 1In this the test amimals are injected
intraperitoneally three times a day for three days on the
18th to 20th day after hypophysectomy and killed on the
21st day. The adrenals, testes, and thymus are weighed.
As a rule the pituitary extracts were treated before injection
with tannic acid in the presence of an mert protein. This
increases the sensitivity of the test about five-fold, probably
by slowmg the rate of ahsorption. 1t also reduces the possi-
bility of anomalous results which might arse from differences
m absorption rate. The techmque 1s as follows: for each rat
©0-45 ml, of the test solution and 0+025 ml. of 1 per cent serum
albumin are mixed in the syringe, followed by 0-025 ml. of
1 per cent tannic acid, the mixture is gently shaken until
precipitation is complete, and then imjected. The sample
solutions are prepared in physiological saline i
0:25 per cent acetic acid and 1 per cent thiodiglycol and are
kept at 4°C. duning the test period.

Recently, we have tried the method for delaying the
absorption of ACTH preparations suggested by Dr. Parkes
(Bruce and Parkes, 1952). The dry sample 1s suspended m
5 per cent beeswax in arachis oil. This method was found to
give a potentiation of at least twenty-fold, being much more
effective than the tanme acid techmque.

We find the adrenal weight test almost as rehable as the
Sayers test, Groups of four or five rats are adequate, but
there appears to be a tendency for variations to increase when
the final weight of the adrenal 15 greater than that of the
unoperated animals.
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When the results obtained on any one day are examine
there is frequently seen a decrease 1n response for an increa:
in dose in this region, Figs. 2 and 3 show this effect clearl;

Sayers Test Log dose response curve ACTH

Preparation Armour batch 84-85 H .
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Fios. 1-8. Log dose/response curve for ACTHL Armour batch
84-85H m the ascorbic acid depletion test.

" Five to six rats have been used per dose level. The depression
in the curve appears to be most marked when the initial
ascorbic acid content of the adrenals is above average. A

ible explanation of the ph is that the acutely
stimulated adrenal suffers & sight fall in weight. This needs
further investigation, but a fall in the adrenal weight of
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The histological techniques used were as follows: Frozen sections
from adrenals fixed in Baker’s formol calcium ere stained for Lpids
with Sudan black or Scharlach R. Unstained sections were exammed

with the for b matenal.  Schultz’s
method for cholesterol was also apphed. For mitotic activity, adrenals
were fixed i Suza, embedded in wax, senal d and staiped with

hematoxylin and eosin. Representative mid-sections were projected
by a camera lucida on to squared paper and the area of the cortex
measured. A sufficient number of adjacent sections were examined for
mutotic figures to make up an area of 12 mm *, and the positions charted
on the camera lueida drawings.

These methods have been applied to rats’ adrenals after
treatment with a variety of prtuitary preparations, and some
of the results have already been published (Stack-Dunne and
Young, 1951; Dixon, Stack-Dunne, Young and Cater, 1951;
Cater and Stack-Dunne, 1952). I would hke to summarize
the results of thesc imvestigations, and as far as possible to
correlate them We must apologize for so much of the dats
being mcomplete,

Using the protein fractionation techniques developed by
Moore, Stein and colleagues, 2 number of distinet protein and
activity fractions have been separated from crude cortico-
trophin by chromatography on columns of the ion exchange
restn Amberhte IRC-50, under the conditions we have
previously described (Dixon, Moore, Stack-Dunne and Ym.mg,
1951). More recent work using the same system has given
rather better resolution of the components and this is shown
m Fig. 4. The mam proteins are fast moving, and have
separated mto a number of components. Exammation of
these by the adrenal weight test shows all of them to be
active, and collectively to contain about 50 per cent of the
adrenal werght activity put on to the eolumn. The ascorbic
geid depleting activity 1s resolved into two peaks, which on
rechromatography retam their characteristic posttions. These
contam, as did the originally unresolved peak, shght, but
definite, adrenal weight activity. As yet we have no indica-
tion that the two ascorbic acid depleting peaks, or t.hc
smaller portion which is eluted from the column on.ly with
alkali, can be distinguished from one another by physiological
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hormone, which is extracted under similar conditions, eon-
tains somewhat more A.A. activity, but is stll much more

effective in the adrenal weight test. In both these prepara-
tions the ratios of A.W. to A.A. activity are so high in terms

Table I

A comparison of the Adrenocorticotrophic qctivities of
Armour ACTH Batches 84-85H and 84-85U in the Adrena!
Weight Repair and Ascorbic Acid depletion tests,

1 Assay in Ascorbic Actd depletion test
84-85H = 3-45 La-1-A
84-85U0 =25 Lla-1-A=072 8485H
2. Assay in Adrenal weight repalr test.

SAMPLE Dose {nomraTs| MEAN PaRED | (NJECTION
ADRENALGngmS) | PROCEDURE.
#S¢
84 - 854 15 mg 4 12 * os Injected In
84 - g5H 45 mg 4 169 * (50 |Physological Saline
B4-usy Smg a4 |i7s o4 [OFh Acticxid
84 ssy 15mg 3 |lae* 250
" T As cbove tyt with
84-85H |10mg s (152 10 [As cbove et wih
84 -esy 12mg s 1722 OB |Serum Abumenand
O 2%/ Tannic geid
84-85H | Osmg 5 Jus t 14 |iected assupension
84 - 85H + 5mg 5 189 ¢ 14 ':ri;lu Bm-u!;ﬂ,
0a - + achis Ot 2 Ihjections
. 8sH  [I0Omg s TSt e e oam
4 - 85U | OOSmg s {ner 2 [jrgpentoneaty
84-85¢ |O1smg 5 |izet oe
S4-850 |1omg 3 223+ 13

of the standard, in this case 84-85 U, that 1t seems unlikely
that differences i the rate of absorption can be the correct
“explanation,

Gonadotrophin‘s
Many workets have idered that gonad k have
a direct effect upon the adrenal cortex (Mller and Riddle,
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methods, as judged from their behaviour in the Sayers test,
or in prehuminary histologieal studies.

An examination has been made of the mutotic activity in
the adrenals of the rats used for the adrenal weight test on
the fractions from the colummns. This has shown that the fast
moving proteins are also associated with the main mitotic
stimulating activity. The separation of most of the adrenal
weight and mitotic stimulating activity on the one hand from
the ascorbic acid depleting activity on the other is clear cut.

Differences between Unhydrolysed and Hydrolysed
ACTH Preparations

We have observed differences in the ratios of the adrenal
weight (A W.) activity to the sscorbic acid depleting {A.4.}
activity of the Armour preparations $4-85 H and 84-85 U.
84-85 H has been prepared from 84-83 U by a process
mvolving hydrolysis. The experimental data on these two
preparations are shown 1 Table I A more rapid absorption
of the hydrolysed 81-85 ¥ scemed a possthle explanation of
the differences, but all attempts to delay absorption have
potentiated both preparatwns more or Jess uniformly. In
view of the different fractions ob d by ion excl
colurans 1t seems more likely that most of the adrenal weight
activity of 84-85 H has actually been destroyed, perhaps by
hydrolysis. It should, however, be noted that the A.W.
activity is not destroyed by mild acid treatment (0-1 N H(
at 87°C., or 0025 ~ HCl at 100°C.). :

Extracts Exposed to the Action of Pituitary Enzymes
during Preparation

Pituitary tissue suspended in neutral or alksline aqueous
media rapidly loses its ascorbic aexd depleting activity, Thus
crude alkaline extracts of ox anteror pitwitary tissue are
very low in ascorbic acid depleting activity; our prepara-
tions contsin less than a ten-thousandth part of the activity
origmally present in the gland. However, they have a con-
siderable adrenal weight effect, It was fonnd that growth
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The Evidence for More than One Adrenocorticotrophic
Factor

If one examnes by histological means the adrenal cortex
of a normal unstressed rat, one finds much lipid, and con-
suderable mitotic activity, but hittle evidence of secretory
activity, Other evidence shows that the normal adrenal
can be releasing only small quantities of cortical steroids.
If the pituitary is removed, the following picture results:
there is a marked increase in the width of the tmnslhona]
zone, to give the well known “sud hobe zone; a
able quantity of lipid remains 1n the other parts of the cortex
(at least in the first weeks), and of course there 15 no evidence
of synthests or secretion. Virtually all mitotic actinty
ceases. The question that faces the experimenter 1s how to
return such an adrenal to the normal picture, and the concept
of the hormone will rest on the results of this attempt There
have to be considered, in addition, the phenomena which can
be observed 1n the stressed mntact ammal' marked loss of
Iipid in the imtial stages (this 1s progressive 1if the stressful
conditions are maintained); and evidence of vigorous syn-
thetic activity. It must be possible to obtamn this picture
also. If only one hormone 1s postulated, then by suitably
modifying the level of dosage, 1t must be possible to return
at least approximately to erther condition from that found
in the hypophysectomized rat.

our experience, administration of growth h
preparations to hypophysectomized rats will return them to
a state approaching normal, as judged by mutotic actinity
and hpid distribution On the other hand any guantity of
the preparation 84-85 H sufficient to promote appreciable
regeneration of cells will also cause the changes m lipids that
are assoclated only with the normal animal when under
stress.

This forees us to suggest as the most reasonable explanation
of the experimental results that the factor responsible for
mamntaining the adrenal m the normal condition 1s best
identified with the activity found in the growth hormone
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1939; Golla and Reiss, 1942; Greep and Jones, 1950). Opsahl
and Long (1951) have shown that a preparation can be
obtamed from human placenta that is effective in stimulating
the adrenal, as judged by the inhibition of the hyaluronidase
spreading effect. It would appear from their data that this
preparation is deficient n the Sayers test. We have examined
human choriome gonadotrophin, and placental preparations
made by the method of Opsahl and Long, and find that they
are effective in the adrenal weight test but have little activity
in the Sayers test. Histological examination of this material
is not yet complete and I would not ke to comment further
on the data.

Adrenal Mitotic Activity of Growth Hormone and
Armour Preparation §4-85 H

We have paid special attention to a comparison of the
mitotic stimulating activity of purified growth hormone
and 84-85 H, two preparations which were conventently
available and showed extreme differences in the udren:’ﬂ
weight and Sayers tests. The number of mitotie figures In
12 mm.2 of adrenal cortex numbered 1 to 6 in the hypo-
physectomized rat, 7 to 12 in rats treated with 0-5 mg. of
84~85 H, 25 to 46 in normal rats, and 50 to 94 n rats treated
with 20 mg. of growth hormone. More recent unpublished
experiments have shown, in addition, that simultaneous
injection of 84-85 H and growth hormone at these dose levels
gives mutotic counts of essentizlly the same order as the
growth hormone acting alone. The stimulation is most
marked m the zona glomerulosa and outer fasciculata but
is also found deeper mn the cortex, No charactenstic differ-
ences in distribution of the mitoses have becn noted with
any of our preparations. Vhen the preparation of growth
hormone and 84-85 H were given simultaneously, therc was
some cvidence of synergism in adrenal weight increase but
none in the mitotic stimulating activity itself. ’
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test. However, since in the normal animal 1t is probably the
AW. factor which is effective in maintaining the adrenal
weight there is some excuse for the term, and to avoid con-
fusion we would prefer to retain it.

We have not sufficient data at present to state whether
the A.W, factor can be 1dentified with growth hormone itself,
especially as the properties of growth hormone from pig
Ppituitaries may not be :dentical with that from beef glands.
Our”gmwth hormone preparations have always caused &
marked i increase in testis weight and, 1n view of the results
with chord dotrophin, the implication of g
trophins in the eﬁ‘ect also must be considered.
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preparations; while a second factor, secreted in appreciable
quantities only in stress, is best identified with the activity
found in the preparation 84-85 H and, by inference, with the
ascorbic acid depleting activity. Our other observations can
be explained in terms of these concepts. It is reasonable to
identify with the activity found with the growth hormone:
(1) the activity associated with the faster running fractions *
obtained when unhydrolysed pituitary preparations are
fractionated on the ion exchange columns; and (2) the activity
that is preferentially lost or destroyed in the preparation of
84-85 H from 84-85 U.

The ascorbic acid depletng activity, which is virtually
absent from the growth hormone, is common to the more
basic fractions from the ion-exchange column and to the
84-85 U and the 84-85 H. So far, it has not been possible
to obtan from preparations origmally highly active in the
Sayers test any fraction which has retained its growth
hormone-like activity and at the same time has quite as low
an ascorbic acid depleting actwity as our growth hormone
preparations, although the fractions from the columns have
gone far towards this end.

To consider terminology, we would still hke to use the
terms A.W. activity for the activity found typically in the
growth hormone preparations, and A.A. activity for that
measured in the Sayers test. Hence A.A. activity corres:
ponds to what has usually been considered ACTH. T%]e
AW, activity 1s to be associated principally with the mitotic-
stimulating activity but, as far as we can tell at presént, with
some lipid changes also, especially return of lipid to the
sudanophobe zone, although this lipid may not be fully
typical. The A.A. actrty 1s to be associated with the deple-
tion of ascorbic acid, and probably with the stimulation of
steroid secretion. The term A.W. activity is not entircly
suitable, because weight increase can be due to hypertrophy
of eells or engorgement of blood vessels in addition to hyper-
plasia, and hence the A.A. factor will be expected always to
show some activity in the so-called adrenal-weigh\t repair
v - '
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Cater. We do get repair of the sudanophobe zone with growth
hormone. We have always been very cautious about saying that this
effect upon the adrenal is an intrinsic property of the growth hormane.
1t may of course be something in the growth hormone, and it rather
looks ‘as though the results of ulh:\ﬁltralmn would be“very strong

o i rte mmaveth hamiana wwa

Pvidenca m Favinum f that vl

Ussues of the rat,

P, Morgis WWe have gmiven two patients ultrafiltrable ACTH which
was very potent in adrenal growth factor as well as the ascorbic acid
factor. Interms of the Sayers test I should say 1t was roughly equivalent
fo 50 mg. a day of LA-1-A. We have increased the ketosteroids to
something of the order of 200 per cent quite quickly. Whether that’s
assoctated with the adrenal weight factor or the ascorbic acid factor,
there is no evidence on whuch to decide.

Stacz-Dunye We have d whether the preparat which
have proved effective in treating patients could be 1mproved with the
adrenal weight factor, espectally when you'te treating patients for 2 long

e

be .
an

AT . . .. '
rich m adrenal weight factor—I say “smpression™ because there weren't
very many patients—the effects were much more prolonged than we
would have expected from an equal A.A dose.

SEcaLoFF: Have you measured the ascorbic acid n the adrenals after
a long time, particularly after using the preparations with delayed
absorption?

Stace-Dus~e' The ascorbic acid level of the hypophysectorized rats
falls to about half that of the normal, and you can lower that further
with 2 dose of ACTH.

FingL. We continue to have difficulties with assays of the various
fractione af 4k mas —otom oo L eeio Lo o R ael o arl
assay -
the sa -
consid
tration employed, and number of injections

STack-DUNNE Tt can't be ehmmated as a possibility, but we don't
think st's Iikely, We're trying to get around 1t all the time.

1ngL: Perhaps the adrenal ascorbic acid depletion test could be con-
ducted over = 3- to 5-day penod.

Srack-DusnE: It might be worth dong.

BIQASSAY -
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xtyL there, 1t 1s difficult to assess the importance of weigt\!
e ety

Nowy N A

tomized when they'’re about 120-150 grams. We take them sl at the
same sage, so there’s some spread in the weight of the animals.

RAINL: Is there any change in sensitivity swhen rats weighing over

" PN
e, mmay e e e e o v chkantenty

essentially a property of growth hormone?

Srack-Dunne That we don’t know  Some recent work on growth
hormone preparations suggests 1t may not be.

C. J. O. R. Mormis We rather feel that 1t 1sn’t We can ultrafilter
the adrenal weight factor, and we know that 1t's impossible to ultrafilter
growth hormone activity under those conditions.

STack-DunNe: That's a Iittle difficult to interpret, wsn’t it, becausé

ou concentrate the growth hormone activity after it has come through
a different extraction procedure?
- e e .

Lie 8 Tof o L haRlatinn ot hag



ATTEMPTS TO ASSAY ACTH WITHOUT
HYPOPHYSECTOMY

G. A, H. BUTTLE and J. R HODGES

SavErs, Sayers and Woodbury (1948) showed, in hypo-
physectomized rats, that the adrenal ascorbie acid depletion
produced by the intravenous injection of ACTH was pro-
portional to the dose of ACTH ed. They developed
this finding into a sensitive method for the bioassay of ACTH,
A disadvantage associated with the use of the adrenal ascorbic
acid depletion technique for the biological standardization
of the adrenocorticotrophic hormone 1s the fact that only
hypophysectomized animals can be used. In normal animals
any form of stress causes the secretion of endogenous ACTH.
If an attempt were made to carry out the Sayers’ method m
normal animals, no results would be obtaned, since the stress
of the surgical removal of the control adrenal gland would
result in maximal adrenal ascorbic acid depletion m the
other. The administration of ACTH could produce no
further effect.

Sayers and Sayers (1947) and Long (1947) showed, 1n rats,
that the fall in adrenal ascorbic acid concentration which
follows the application of stress could be prevented by pre-
treatment of the Is with ad tical h
These findings suggested that 1t might be possible to modify
the Sayers’ method by replacing hypophysectormzed animals
with rats in which the mobilization of endogenous ACTH
had been prevented by pre-treatment with adrenocortical
hormones.” Our attempts to effect “piturtary block” with
deoxycorticosterone acetate are described here.

Rats were miven intrapenitoneal mjections of deoxycortico-
Ster(.)n.e acetate in arachus o1l At various time intervals after
Teceiving the DCA 1njections the amimals were anwesthetized

Sam .
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extended these experiments. .

L1: This has been publshed in a review paper in Acta Endocrinologicd,
1951, 8, 393 (Remhardt, W. O , Geschwind, I I, and Li, C. H). -

StAcK-DUNNE: Do you think 1t 1s an absorption phenomenon entrrely?

L1 No.

Busm: It would look from Dr. Li’s results as though preparations
contaimng a high proportion of adrenal weight activity did n fact cause
a considerable ncrease in cortical secretion, since the thymus weight
effect should be the most certain indication of increased adrenocortical
secretion.

STack-DUNNE But you do run 1nto the trouble here that the adrenal
weight estimation s a rather arbitrary one. You may get cell hyper-
plasia or vascular engorgement, The adrenal weight test does not neces-
sanily estimate only what we Like for the moment to eatl SAW. factor”.
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It was found that control injections of normal saline pro-
duced no adrenal ascorbic acid depletion in DCA-treated rats.
Intravenous ACTH caused a fall in the adrenal ascorbic acid
concentration. Over a range of doses of ACTH equivalent to
0-08 pg. to 1:25 pg. International Standard, there existed
8 linear relationship between the logarithm of the dose and the
adtenal ascorbic acid depletion. Doses of ACTH greater than
1-25 pg, produced no larger responses.

The mean value obtained for the index of precision of the
method (A=0-463) was similar to that obtaned 1n our own
Iaboratory using the Sayers’ method for the bioassay of ACTH,
and that reported by Greenspan, Li, Sumpson and Evans
(1950} using hypophysectomized ammals, We have been
unable to obtain the precision which many other workers,
using the Sayers’ method, have reported. However, all the
snimals used 1n these experments were obtaned from 2
dealer and were not bred mn our own laboratory It 1s possible
that the accuracy of our results would have been improved
if we had been able to use a constant stram of ammals kept
under more carefully controlled conditions.

The speerficity of this modified adrenal ascorbic aed
depletion technique for the bioassay of ACTH has not been
fully examined. Xt was found that mtravenous njections of
heparimzed, freshly shed rats’ blood produced no fall mn
adrenal ascorbic acid concentration. There still existed the
possibility that toxie impurities m the samples of ACTH
injected could be responsible for adrenal ascorbic acid deple-
tion. To examune this posstbility we mixed rats’ blood with
an equal volume of normal saline contaming 5 pg. ACTH per
ml The mixture was mcubated at 87°C. for three hours,
Since Reiss, Badrick, Halkerston and Plaice (1951) had
reported the extreme mstabiity of ACTH m blood en vitro,
1t was beheved that this treatment would cause complete

" mactivation of the ACTH. This was found to be true, and
when the 1ncubated mixture was mjected mtravenously into
rats pre-treated with DCA, no adrenal ascorbic acid depletion
occurred. It was reasonable to assume that most of the
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with ether and unilaterally adrenalectormzed on the left
side. One hour later the animals were killed and therr right
adrenal glands were removed. It was found that treatment
of the rats with 15 mg. DCA, four hours before unilateral ad-
renalectomy, completely prevented the adrenal ascorbic acid
depletion which normally followed the operation.  Smaller
doses of DCA were only partially effective in inhibiting
the increased pitnitary adrenocorticotrophic activity caused
by this form of stress.

While 1t is generally agreed that the adrenocorticotrophic
activity of the pituitary gland is controlled by a peripheral
humoral mechanism, there is some confusion in the literature
concerning the abiity of DCA to depress the increased
secretion of ACTH cansed by stress. Sayers and Sayers
(1947) found that pre-treatment of rats with small doses of
DCA prevented the adrenal ascorbic acid depletion caused
by exposure of the animals to cold. On the other hand Moya
and Selye (1948), Gershberg, Fry, Brobeck and Long (1950)
and Hall, Finerty, Hall and Hess (1951) have been unable to
shows that DCA tended to prevent the adrenal ascorbic acid
depletion caused by subjection of rats to stress.

Our expermments indicate that DCA 1s effective in pre-
venting pitutary adrenocorticotrophic activity, provided
that 1t 15 admimistered 1 sufficiently large doses. It is
doubtful whether our results augment the evidence that the
1ate of secretion of ACTH by the adenohypophysis 1s con*
trolled by a perpheral-humoral mechamsm; they have
shown that pitwitary adrenocorticotrophic activity can be
prevented by the previous treatment of rats with DCA, but
the doses of the steroid were o great that the physmlogical
significance of the results 1s obscure.

Having established the fact that pre-treatment of rats
with 15 mg. DCA could prevent completely the adrenal
ascorbic acid depletion caused by unilateral adrenalectomy,
we proceeded to study the effect of intravenous injections ?f
ACTH ‘mto rats m which pituitary adrenocorticotrophic

. activity had been blocked 1n this way.
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It was found that control injections of normal saline pro-
duced no adrenal ascorbic acid depletion in DCA-treated rats.
Intravenous ACTH caused a fall in the adrenal ascorbic acid
concentration. Over a range of doses of ACTH equivalent to
0-08 pg. to 1-25 pg. International Standard, there existed
a linear relationship between the logarithm of the dose and the
adtenal ascorbic acid depletion, Doses of ACTH greater than
1-25 pg. produced no larger responses,

The mean value obtained for the index of precision of the
method (A=0-468) was sumlar to that obtained in our own
laboratory using the Sayers’ method for the bioassay of ACTH,
and that reported by Greenspan, Li, Simpson and Evans
(1950) using hypophysectomized ammals. We have been
unable to obtain the precision which many other workers,
using the Sayers’ method, have reported. However, all the
animals used in these experiments were obtamned from a
dealer and were not bred in our own laboratory. Itis possible
that the accuracy of our results would have been umproved
if we had been able to use a constant stramn of animals kept
under more carefully controlled conditions.

The spectficity of this modified adrenal ascorbie acid
depletion technique for the bioassay of ACTH has not been
fully examined. It was found that intravenous injections of
heparinized, freshly shed rats’ blood produced no fall n
adrenal ascorbic acid concentration. There still existed the
possibility that toxie impurities m the samples of ACTH
injected could be responsible for adrenal ascorbic acid deple-
tion, To examine this possibility we muxed rats’ blood with
an equal volume of normal saline contaming 5 pg. ACTH per
ml. The mixture was meubated at 37°C for three hours.
Smece Rerss, Badnck, Halkerston and Plaice (1951) had
reported the extreme instability of ACTH 1n blood 2 vitro,

, 1t was believed that this treatment would cause complete
inactivation of the ACTH. This was found to be true, and
when the meubated mixture was mjected ntravenously into
Tats pre-treated with DCA, no adrenal ascorbic acid depletion
oceurred. It was reasonable to assume that most of the
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with ether and unilaterally adrenalectomized on the left
side. One hour later the animals were killed and their right -
adrenal glands were removed. Tt was found that treatment
of the rats with 15 mg. DCA, four hours before unilateral ad-
renalectomy, completely prevented the adrenal ascorbic acid
depletion which normally followed the operation. Smaller °
doses of DCA were only partially effective 1n intubiting
the increased pituitary adrenocorticotrophic activity caused
by this form of stress.

While it js generally agreed that the adrenocorticotrophie
activity of the pitwitary gland is controlled by 2 peripheral
humoral mechanism, there is some confuston in the literature
concerning the ability of DCA to depress the increased
secretion of ACTH caused by stress. Sayers and Sayer
(1947) found that pre-treatment of rats with small doses of
DCA prevented the adrenal ascorbic acid depletion caused
by exposure of the animals to cold. On the other hand Moya
and Selye (1948), Gershberg, Fry, Brobeck and Long (1950)
and Hall, Finerty, Hall and Hess (1951) have been unable to
show.that DCA tended to prevent the adrenal ascorbic acid
depletion caused by subjection of rats to stress.

Our experiments ndicate that DCA is effective m pre-
venting pitwitary adrenocorticotrophic activity, pmvidgﬂ
that it 15 admumstered i sufficently large doses. It iS
doubtful whether our results augment the evidence that the
rate of secretion of ACTH by the adenohypophysis is con-
trolled by a penpheral-humoral mechamsm; they have
shown that pitwtary adrenocorticotrophic activity can be
prevented by the previous treatment of rats with DCA, but

_the doses of the sterotd were so great that the physiological
significance of the results is obscure.

Having established the fact that pre-treatment of rats
with 15 mg. DCA could prevent completely the adrenal
ascorbic acid depletion caused by unilateral adrenalectomyy

- we proceeded to study the effect of intravenous injections o
ACTH ’into rats in which pituitary adienocorticotrophic
. activity had been blocked in this way.
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Neison Have you tned giving cortisone orally rather than by in-
Jechon?
Burrie: No. Would you be able to obtain a sufficiently high blood
fevel m this way?
ity N T gem el e m
f Lo

ACTH assay, hecause the sensitivity and the slope of the curve were not
satisfactory,

Hovers: Our slope was steep and the method was very sensitive
Did you get complete pitmtary block with DCA?

J. Ronisson: No. I think you'll find that adrenal cortical extract
works better,

Hopezs: We're gomg to try that next.

Harmis Iso’t that all a quantitative difference? I think that Dr.
Sayers found that nothing would block the effect of sufficient stress.

Hopcts: Our results are dufferent from those of Sayers and Sayers,
The doses of DCA required to prevent the increased secretton of ACTH,
1n response to the stress of ether anwsthesia and umlateral adrenalec-
tomy, were fifty to one hundred times as great as those which Sayers
and Sayers found necessary to prevent the effect of cold  Sayers and
Sayers reported that the adrenal ascorbic acid depletion, caused by cold
{4°C- for'1 hour) could be prevented by previous treatment of the rats
with only 200 ;g DCA (per 100 g. body weight), injected subcutaneously
mol d efore the application of the stress In our experience,
doses of this order have produced no mnlubition of pitwitary adreno-
corticotrophic activity.

P. Morr1s: What were your mean control values? Roughly 4007

Honces. About 400420 mg ascorbic aad per 100 g adrenal tissue.

P. Morris- And what was the range of your control values?

Hopees- Using groups of about twelve ammals our standard error
‘was generally between 110 and +20. We do not possess a colony of
Tats and all the ammals were obtamned from dealers. The scatter of
ou; observaho:ls‘_was wide, the results were disappainting

fvmmne -

Dot be explained other than by some form of depletion Some were only
25 per cent of the others.

Finoi: The maumum adrenal ascorbie aeid depletion by adreno-
corticotrophic hormone 1n your DCA-blocked animals was about 120
™g.f100 g, gland. How docs that value compare with the maumal
depletion in hypophysectomized ammals?

OncEs: It’s not as great  We get a maximal depletion of about 180
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impurities in the ACTH were unaffected by this treatment.
It was considered, therefore, that the adrenal ascorbic acid
depletion, seen in attempts to assay ACTH in rats pre-treated
with DCA, was entirely due to the adrenocorticotrophic
activity of the samples under test.

Although the method has not provided us with accurate
results, we consider it to be worthy of further examination.
It is more easily carried out than the Sayers’ method and
more animals may be used conveniently in the performance
of the test since the need for hypophysectomy is obvated.
There seems to be no theoretical reason why the technique
should not ultimately prove as satisfactory as the Sayers’
method, provided that the inhibition of pituitary adreno-
corticotrophic activity 1s effective, and the mobilization of
endogenous ACTH is completely prevented.
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DISCUSSION
‘BurTLE: We also investigated the use of cortisone 1n our attempts to
obtain inluibitton of pituitary adrenocorticotrophic activity. It was
found that the intrapertoneal admunistration of cortisone acefate ’I.'::
- S Ve e 3 3eltadinm wm wata



THE MEASUREMENT OF ACTH ACTIVITY
N - IN PLASMA

C. H. GRAY and D. M V PARROTT

For some time we have been mterested 1n the study of the
réle of the adrenocorticotrophie hormone 1 various patho-
logical conchtions. The determination of ACTH n plasma
satisfied our requirements in this regard, as well as bemg of
more general interest m demonstrating the link between the
anterior pituitary and the adrenal cortex. Much of what we
have to say has already been communicated to the Society for
Endocrinology, but as we understand that some workers
have difficulty in demonstrating the presence of ACTH
plasma, a summary of our work 1n this field may provide the
“basis of a useful and helpful discussion.

The earlier experiments alleged to show the presence of
ACTH m plasma or serum were performed on mtact mice
which had received no pre-treatment with deoxycerticosterone
acetate as descnibed in the previous paper (p 147) The
injected materials were active in mcreasing the weight of the
adrenals or m altermg the histology of the cortex These
Tesults must be disregarded since they may have been due
to the injected substance stimulatmg the pituitary of the
assay animal to produce endogenous ACTH Indeed, our
own work has shown it unlikdly that any ACTH activity
would remain after the time necessary for separation of serum.

The introduction by Sayers, Sayers and Woodbury (1948)
of the ascorbic acid depletion method of assay of ACTH was
an mnportant advance 1n this problem, for it 15 much more
sensitive than any assay previously used. Using this method
Cooke, Graetzer and Reiss (1948) demonstrated the activity
of material precipitated by acetone from normal human
plasma, Taylar, Albert and Sprague (1949) obtained negative

REL)
K
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Tag. ascorbic acid per 100 g. adrenal tissue in hypophysectomuzed
ammals. The control adrenal ascorbic acd level is not as hyghn DCA-
treated rats as i hypophysectomized animals twenty-four hours after
the operation. Thus the mean value for the control adrenal ascorbic acid
leve'l m our fngdiﬁe'd assay 1s lower than the control level in the Sayers

N - . the reason
. . o gine that
the pen-~

toneum, i A
Hopees We intend repeating the expenments, administering the
DCA suhcutaneously
Voor. Of course 1t may not help because absorption may be slow
then, but on the other hand you may be able to get away with smaller
ﬂospes.

are nAmime.

e e LTS R e

ammals are very eapensive and one would really hke to use normuas
ammals.

1 would like to call your attention to the fact that we have been able
to modify the ascorbic acid assay method, shortemng the incubation
time from 3 hours mcubation to 45 minutes, merely by rasing the tem-
perature to §7°C. This method appeared 1n Acta Kndocrinologied, 1951,
R, 247, 1n a paper by Geschwind, Wilhams and myself.
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results and the large amount of protein in the final precipitate
often proved fatal when injected into the assay rats. More-
over, it was impossible to recover more than a negligible
amount of ACTH added to blood even 1if the blood were
immediately extracted. The large bulk of protemn appears
to adsorb added ACTH or impede 1ts extraction. We have
therefore abandoned attempts to determme ACTH m whole
blood.

It appeared important to examine the effect of varying the
time and method of extraction on the percentage recovery
of ACTH added to plasma.

Assay Procedure

e have used the assay procedure exactly as descnibed by
Sayers, Sayers and Woodbury (1948) except that female
Wistar rats, weighing 140~160 g. were used instead of Sprague
Dawley male rats. Although male rats are slightly more
sensitive, those of our own colony were required for other
assays. However, the adrenals of male rats are smaller,
weighing on an average 15 mg. asagamst 25 mg.n the females,
so that there is a greater error 1n weighing and estimation. An
average of 88 animals 1n 34 doses have been used for the
calculation of each regression line. The slope b was checked at
frequent mtervals. Sixteen animals were usually used for
each plasma assay: eight for plasma and eight for a single
dose of ACTH to determine the value of the constant a of
the regression line. We have found the slope b to be relatively
unchanged over a period of 12 months (Table I)

First, the recovery was investigated when Armour ACTH
was subjected to Bornstein and Trewhella’s procedure.

‘Table T
Sex Date [ * 2
February-March 1851 136 46 | 3095 | o227
F August-Noyember 1951 133 86 2140 0 160
F 1 December 1951-March 1952 1281 ) 2218 | o1lp7
M December 1951-March 1952 140 86 38 88 0 276
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results with untreated normal human sera although sera
from cases of Addison’s disense were active. Equivocal
results were obtaned with sera from Cushing’s syndrome
Bornstein and Trewhella (1950), also using Sayers’ assay,
obtained an active fraction from an acid acetone extract of
normal plasma. High levels of activity were found in plasma
from cases of Cushing’s syndrome and from patients under
the severe stress of surgical operation or cardiac failure,
whereas neglimible activity was obtamed in the materal
obtamed from a case of Simmonds’ disease. We have con-
firmed that the method of extraction described by Bornstein
and Trewhella, which is based upon that originally described
by Lyons (1987), does yield material significantly active in
the Sayers’ assay.

It appeared of interest to investigate the actwvity of the
acid-acetone extracts of plasma by some method other than
the indirect adrenal ascorbic acid depletion method. In
collaboration with Bornstein we mnvestigated the activity of ©
acid-acetone extracts by the adrenal maintenance test of
Simpson, Evans and Lt (1948). The results, which have~
already been published (Bornstein, Gray and Parrott, 1952}
showed a statistically significant increase of adrenal weight of
injected hypophysectomized rats over control am‘ma.ls-
Histological examnation of the adrenals showed a partial
restoration of the cortex in the injected animals.

We were therefore convinced of the possibility of demon-
strating ACTH activity in plasma and we have attempted. to
improve the extraction procedure. There 1s rapid inactivation
of any ACTH present 1f there 1s delay between blood collection
and treatment of the plasma with acid acetone. Reiss,
Badrick, Halkerston and Plaice (1951) have observed a
similar rapid loss of adrenocorticotrophic activity of &
pituitary preparation when incubated with heparinized
plasma from rats, rabbits and humans.

Since there is an mevitable delay in separation of plasma
from red cells, we have attempted to prepare active extracts
from whole blood, However, there was poor duplication of
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for five minutes (it is unnecessary to allow the extract to
stand overnight at 4°C. as described in the procedure of
Bornstein and Trewhella) the resultant precipitate 1s centri-
fuged and dried. With this method, the range of plasma
ACTH for normal females is slightly higher than that obtained
with the origmal method (Table IIT). We have found no
advantage in the double extraction procedure described by
Gemzell, Van Dyke, Tobias and Evans (1951).

Table III
Puasma ACTH (uG. PER 100 ML PLAsMA) OF Norwar FEMALES AGED 21-30

Ao Range Mean SE
Old method ., . -f e 41-86 56 675
New method . 5 60-111 83 617

g

Although there 15 loss of ACTH activity when there is delay
in separation of plasma, with proper precautions thus loss
need not be so rapid as we had previously believed. The
loss of activity may be considerably reduced by collection
into chilled vessels and immediate separation and extraction
of plasma,

Normal plasma has low ACTH activity, and since readings
of the plasma extract alone would fzll on the lower and least
rehable part of the standard curve, we have found 1t advan-
tageous to add 0-5 or 1-0 ug. of standard ACTH to bring
the level of the readings to the linear part of the curve, Le.
between 0 5-2:0 pg  There was no sigmficant difference
between the results obtamned whether ACTH was added to
plasma immediately after separation and before extraction,
or to the solution of the final precipitate immediately before
assay. This latter course is more convenient and is usually
followed. -

Plasma from six cases of Cushing’s syndrome has been
estimated for ACTH activity; five of them gave values
(120-810 pg ACTH/100 mi. plasma) above normal Nmits,
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2 mg. quantities of LA-1-A ACTH in N/50 acetic acid were
extracted with acid acetone for varying periods of time up
to four hours. The ACTH was completely soluble but was
precipitated on mcreasing the acetone concentration, . There
was no sigmficant difference between the ACTH activity of
the original matenal and that treated with acid acetone in
this way. When ACTH was added to plasma good recovery
was obtained if the mixture was immediately extracted and
centrifuged (Table II). When the acid acetone was allowed

Table II
RCcovERY OF Armour ACTH appED 70 Prasya

Dean fall of adrenal
‘ascorbic acid mg

- T
Do Dl | it e
28 pg Armour ACTH+O 45 ml
plasma/100 g bedy weight 0 br. 114119
ditto . 1hr 13710

111424

2 8 ug. Armour ACTH

For group plasma (0 hr.) and plasma (1 hr }
£=2 73 where n=9, p=0 05-0 02
For group plasma (1 hr.) and standard ACTH solution
t=2 4 where n=11, p=0 03-0 02
*6-8 arumals per group
tStandard deviation
to extract the precipitate for one hour, recoveries of ACTH
were usually greater than 100 per cent and appeared to be
due to extraction of endogenous ACTH mn the plasma
However, this higher recovery did not always take place
and, when 1t did not, 2} hours extraction resulted in a 60
per cent loss 1 activity. It appeared, therefore, that the
plasma ACTH mught be more effectively extracted by asho.rtel‘
and more vigorous procedure, and the following modifications
have been adopted. Plasma is extracted with four volumes
of acid acetone (contammng 2-5 per cent v/v conc. HCI) by
grinding the mixture with sand in a mortar and pestle for
five minutes. The precipitate 15 centrifuged and 40 ml. of
acetone added to each 10 ml. of supernatant, After standing
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Stack-Dunne: Do you collect blood from your normal humans first
thing in the morning or in the afternoon? .

ParroTT: The usual time 1s about half-past ten to eleven in the
morning.
tr
ia
patient? '

. PARROTT: I've done two separate estimations on the same patients,
but I've never carried out a seres of estimations, The only person I've
done many times 15 myself, and I stay relatively constant

Butrrie: Didn't Bornstein find a difference in a patient before and
after operation? He did a number of estimations 1n one patient, didn't
he? Have you tried to repeat that?

Grav, No.

CateR It might be nteresting to measure & number of normal people
under basal eonditions,

Lovaie, Have you employ with low cen-
tnfugation?

PARROTT- We haven't got a centnfuge that we can keep at low tem-
Derature. T keep the blood as cold as I can—collect 1t as rapidly as
possible, put into centnifuge tubes and then spmn as rapidly and take off
as quickly as T can.

Gavpiy: How quickly 1s 1t iactivated 1f you take no precautions?

ParrorT; I haven’t any defimte time curve on that, but In one estima-
tion, on leaving whole blood to stand, there was 2 loss of 40 per cent of
activity within 10 min I really expected 1t to be more rapid than that,
but I think that im some of our other observations when we thought 1t
was very rapidly destroyed, 1t was perhaps due to inactivation 1n some
other way

Core Have you tmed whether you could «op mactivation in a sth-
coned vessel?

RrAY: No,

Bavpuiss With regard to the values that were higher than you ex-
pected, 1 caleulate that you must have about 2 5 mg 1n the total blood
that's cireulating (about 4-5 1 of blood, and 100 xg per 100 ml of
Pplasma) which 18'quite a lot, when you think of the effect you get with
an mtravenous mjection of 5 mg ot ACTH aver a 24-hour pertod

Harris. X wonder whether the methad of collecting blood would stress
some of the patients Do you think that that might produce a rise in
the ACTH level?

PARROIT. Tt could with a nervous patient
bl‘émw. Most of the normals and the patients were used to being

ed.

HaRrIS Do you see any change 1n the level 1n particular patients
over the tume they are becomng used to the procedure?

Parrorr. No,

Fraser Have You assayed anyone receiving cortisone?
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the highest activity being found in a case with pitwtary
tumour. There was no significant change m plasma ACTH
of two cases following § umlateral adrenalectomy but a more
dramatic result may follow removal of a second adrenal.

The fiducial limits of error have been caleulated for assays
of 15 different plasma extracts, each with 0-5 or 1 pg. of
added ACTH. The fiducial lower hmits exceed the amount
of added ACTH m all except two instances. We therefore
feel justified 1n assuming that a measurement of plasma
ACTH is possible, but can only be regarded at present as
semi-quantitative.
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StacE-DUNNE. Do you collect blood from your normal humans first
thing in the morning or in the afternoon?

PARROTT: The usual time 1s about half-past ten to eleven in the
morning. o

e - - - .

patient?

PARROTT: I’ve done two separate estimations on the same patients,
but I've never carmed out a semies of esumations The anly person I've
done many times is myself, and I stay relatively constant

Bourrie: Didn't Bornstein find a difference in a patient before and
after operation? He did a numbet of estimations 11 ane patient, dudn’t
he? Have you tred to repeat that?

Gray- No

CATER" It mught be interesting to measure a number of normal people
under basal condutions.

Lorarve: Have you employed purification with low temperature cen-
trifogation?

ParzoTT, We haven’t got a centrifuge that we can keep at low tem-
Perature. I keep the blood as cold as I can—collect 1t as rapidly as
Possible, put into centnifuge tubes and then spin as rapidly and take off
a3 quickly as [ can.

Ganoun How quickly 15 1t mactivated if you take no precautions?

PaRROTT [ haven’t any definite time curve on that, but in one estima-
Lion, on Jeaving whole blood to stand, there was a loss of 40 per cent of
achvity within 10 min 1 really expected it to be more rapid than that.
but T think that in some of our other observations when we thought 1t
was very rapidly destroyed, 1t was perhaps due to mactivabion n some
other way

Core: Have you tried whether you could stop mactivation 1n & sili-
coned vessel?

RAY. No

Baviss With Tegard to the values that were higher than you ex-
Deeted, I ealeulate that you must have about € 5 mg 1n the total blood
that’s circulating (about 4-3 1 of blood, and 100 g per 100 ml. of
Plasma) which 15 quite 8 Jot, when you think of the effect you get with
AR Intravenous mjection of 5 mg of ACTH over a 24-hour penod

Harrs. 1 wonder whether the method of collecting hlood would stress

some of the patients Do you think that that mught produce a rise m
the ACTH level®
g:\mm'rr It could with a nervous patient
RA:

bloa Y Most of the normals and the patients were used to bemng
led.

Harris Do you see any change 1n the level m particular patients
over the time they are becoming used to the procedure?
ARROTT- No

Fraser: Have vou nssayed anyone receiving Cortisone?
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Gray: No. - .
C. J. 0. R. Morrrs: It would be interesting to try acidifymg the

blood or plasma. It might be much more stable then and easier to

Xocrk up. That would be 1n agreement with the known properties of
P. Morzis. Have you tried any estimations on urine at all?
Gray* No.__

. . . remt

¢

again and 1t gave the largest depletion’we have ever had, We did that
about four times, and we had a high, a negative, and two intermediate
values, In virdism, the values were completely scattered, and all assays
were done 1n groups where we had an arbitrary standard In pormal
urine we didn’t get any significant depletions, In four rheumatod
arthritics there was definitely a small depletion, but since 1t was on the
verge of significance 1t would require a very large number of ammals to
establish the effect,

Gray. How many ammals per group? .

P. Morris Four  And 1n the case of Addison’s, six. The urine was

llccted 1n 8 ing about 10 ml, of glacial acetic acid,
and that was left until the next morning,

Em'omr Y2~“ extract 1t?

Steo st s 1mAR o hade yoseht

.. - orial ¢
s . ' irlv
an assay o . . .
his urine, ~ .
the same,
Pl - . 4 b ts Bminemn Taase in plasma
' think
s these
v't fe?

Parrorr. He found an enzyme 1n blood which was capable of aestroy-
ine ACTH L

enz 1€
l{,f‘l. Rosinson: 1 believe Dr. Pincus also feels that the rate of des-

truction of ACTH is different mn plasma of various animal species.



GENERAL DiscussioN 161

Lorame' Have you any mformatton on the ACTH content of pla-
cente? I think Dr. Opsahl said she was able to e'(tract ACTH from the
placenta using a method ding on in mice.

Grav: We have 1o information.

Macragan. Can you tell us 1f this has been looked for in cerebral
spinal fluid?

Grav: I don't know 1f 1t has, We haven’t investigated that

mossaay 1z
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Gray: No.

C. J. 0. R. Mognss: It would be interesting to try acidifyng the
blood or plasma. 1t rught be much more stable then and easer to
ngl'kl {up. That would be in agreement with the known properties of

P. Monris: Have you tried any estimations an unine at ali2

Gray No.

SeoarorF: We tried urine quite extensively, and in two of our patients
with Cushing’s disease were able to get amounts that were postive tn
the Sayers test, but we've never gotten it in any otber urnine,

P Morris. We have found an ascorbic acd depleting factor m utine
n sheumatowd arthntics before ACTH. It was in the lIower range. We
did the estimation 1 untreated Addison’s; 1t was negative, We did it
agan and it gave the largest depletion we have ever had. We did that
about four tires, and we had g high, a nepative, and two ntermediate
values. In virihsm, the values were completely scattered, and alf assays
were done in groups where we had an arhitrary standard. In normal
urme we didn’t get any si d 8 In h tord
arthrities there was definttely a small Qepletion, but sinee 1t was on the
verge of sirnifiernce 1t woukd require a very lazge number of apimals to
establish the effect.

Gray- How many smmals per group?

P Morsis Foar Andin the case of Addison’s, six, The urine was

ot dma 21 about 10 ml of glacial acetic acid,
and that was left until the next morning,

Gappuae You extract it?

P. Monnis: No  Justamgect 1t neat, 3 mif100 g body weight.

Crooxr, Would your data support the contention that the matensl .
is inactivated withmn 10 mun. m plasma? .,

P. Morais- We haven’t any data on that, However, I think t's fairly
stabfe 1n unne under aad conditions at 6°C., because I had to repeat
an assay on & nephntic that was having ACTH. He excreted ACTH 10
s urine. We hept the urme and repeated it, and the value was roughly
the same,

C.J O. 1 Monuis You would expect st to become lower in plasma
than m unne, probably due to the proteolytic enzymes. And I think
that at about pH 2 one would expect a higher stability, beenuse these
proteases generally scem to Have pif optima around 4 and 8

Gray- I thinh Pincus has some tnformation on that polat, hasn't be?
1 dow’t know if e published 1t.

Pannory: He found an enzyme tn blood which was capable of destroy-

ing ACTH.
ngSEG srore, As T undesstand Dr. Pineas’s latest view, same of the pre-
P Some ACTH

arations of ACTIH have what he considers a co-enzyme.
stable when mnenhated in serum and some of them are

yepasations ave
nut?ﬂnd he thinks that it 13 due to the presence or absence of this o
e,
A Pincus also feels that the mie of des-

H. J. Hopsso: 1 believe Dr.
sruetion of ACTH s different in piasma of various animal species.
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leucocytes and total white cell count is often delayed to 8-10
hours following the administration of the steroid

The effects of free compound F rather than the acetate are
shown in Fig. 2. ‘The nise and fall of blood hormone levels
are somewhat more rapid than when the acetate of the com-
pound is given. This may well be explained on the basis of

200MGM CMPD F ACETATE ORALLY
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Fic. 1. Blood levels o 17: hydmycomcommas and lewco-
eytes following oral admimstration of Compound F acetate

(Nelson, Sandberg, Palmer and Ty’er, 1952.)

increased solubility of the free steroids in physiological
solutions,

In a number of cases to whom 200 mg. of Compounds K
or F was administered the steroid blood levels have fallen
below narmal at the 8-24 hour periods Thxs was interpreted
as rep tory d pro-
duction followmg tissue saturation by the large doses of
steroid administered,




Part VI—Adrenocortical Hormones

EOSINOPHILS, LYMPHOCYTES, AND
17-HYDROXYCORTICOSTEROIDS AS INDICES OF
ADRENOCORTICAL ACTIVITY

D H NELSON

MEASUREMENTS of cosinophils (Hills, Forsham and Finch,
1948) and lymphocytes (Dougherty and White, 1943) in peri-
pheral blood have been employed as indices of adrenocortical
activity. The development of o methad for the measurcment
of 17-hydroxycorticosteroids in blood (Nelson and Samuels,
1952) has made possible the correlation of changes in absolute
numbers of circulating eosmophils and lymphocytes with
blood levels of adrenal steroids. Changes i circulating
blood elements have been measured simultaneously with the
adminstration of 17-hydroxycorticosterone, 17-hydroxy-11-
dehydrocorticosterone, ACTH, and epinephrine.

Response of 17-Hydroxycorticosteroids, Eosinophils,
and Lymphocytes to Oral Administration of the Free
or Acetate Forms of Compounds E and F
Following the oral admimstration-of 200 myg. Corapound F
acetate there 15 an immediate mse m hlood levels of 17
hydroxycorticosteroids, as is illustrated in Fig. 1. Peak levels
of the steroid are found 1n the circulation approximately one
hour following ingestion of the compound and levels have
returned to or below normal in eight hours. X
An occasional short initial rise is followed by a decrease in
both types of leucocytes to a mimmum at 4-6 hours. It can
be seen that although the peak level of steroid has been passed
after about one hour the total eosmophil and lymphocyte |
counts continue to decrease for some time thereafter. .
The time relationships are very simlar for the eosinophils
and lymphocytes, but the peak rise in the polymorphanuclear
162
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Similar effects to those described for compound F were
found for Compound E. The only demonstrable difference
m action between the two compounds was the greater increase
m polymorphonuelear leucocytes after Compound F was
given to the subject.

The relative quantitative relations of these indices following
varying doses of Compound F acetate given orally to a single
subject are shown in Fig. 8. Although there 15 not a direct
quantitative relationship between the dose of steroid ad-
munistered and the fall in eosinophils there does appear to be
a rough correlation. The eosinophil levels are also observed
to stay depressed longer as the steroid levels are mamtained
by larger doses of hormone.

Response to Free or Acetate Forms of Compound E
and F given Intramuscularly

- The effect of 200 mg. free Compound E given to & normal
subject intramuscularly is illustrated m Fig. 4. As was
typical of other similar studies, there was no effect on blood
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Fie. 4. One type of response to the adnumstration of free
Compound E mtramuscularly
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+ (Nelson, Samuels, Willardson and Tyler, 1951). The corre-
lation of this rise in 17-hydroxycorticosteroids with the blood
white cells is shown in Fig. 6. Relatively small changes in
corticoid levels are seen to cause a very significant change i

* the quantity of these circulating cells. The effect is a tran-
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Fia. 6. Response of blood 17-hydroxyeorticosteroids to mtra-
muscular ACTH, and subsequent changes 1n circulating leuco-
cytes.

sitory one, however, with a return to normal levels demon-
strable 1n eight hours.

ntinuous intravenously admimstered ACTH results m
n}arkedly elevated corticosteroid blood levels (Ingle, 1950,
Nelson, Samuels, Willardson and Tyler, 1951)  Fifteen to
80 mg. of ACTH given mt larly or subs 1
€every six hours resulted in small unsustained rises in sterod
%e"€15~ As httle as 5 mg. of ACTH given m a continuous
infusion over 24 hours produced very high steroid levels which
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17-hydroxycorticosteroid levels nor significant variation i
the cireulating leucocytes. In twe out of four eases give
Comp d E acetate intr larly there was a significan
rise in blood steroid levels which was prolonged over a perio
of 24 hours in one case, but no rise was seen in five case
given 200 mg. Compound F acetate i.m.

Significant effects were obtained when 200 mg. free Com
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pound E was given i.m. in 25 per cent ethanol solution (Fig.
5). 'This would suggest that the lack of response often scen
when the steroids are given intramuscularly s due to lack
of absorption, and the administration in cthanol §olu‘t'xon
was s means of inereasing absorption from the injection site.

Response to ACTH
When ACTH is given intramuscularly to a normal man the

peak rise in steroid level is seen at 1-2 hours after injection
N il
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circulation, Whether this represents increased tissue utiliza-
ton-of the adrenal steroids in association with epinephrine
action is yet to be determined.
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Summary

The marked resp of blood ec phils, Iymphocytes,
and neutrophils to large doses of Compound E or F has been
correlated with blood levels of these hormones. ACTH
administration also brings about good cellular responsein
association with relatively small increases in blood levels of
17-hydroxycorticostetoids. The four-hour maximum fall
observed with eosinophils and lymphocytes 15 seen to be a
delayed Tesponse to elevations i blood steroids, which are
usually maximum at least three hours prior to the maximum
effect on the leucocytes.

Oral admimstration of either free or acetate forms of these
steroids is highly effectsve 1 raising blood levels of the com-
Ppounds but intramuseular administration gives quite vanable
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were maintained throughout the period of administration.
The blood levels of adrenal steroid returned rapidly toward
normal when the ACTH infusion was discontinued. Withm
four hours, the 17-hydroxycorticosteroid level had returned
almost to the initial levels,

Preliminary studies carried out with Dr. Bliss of the
Department of Psychiatry indicate that there are some -
dosage response differences when single 5 or 15 mg. doses of
ACTH are given intravenously to normal subjects. The
exact quantitative aspects of this work are not yet completed.
Response to Epinephrine

A certain amount of eonfusion exsts in the literatute in
regard to the relation of epinephrine to the leucocytes and to
adrenal cortical steroid production. Recant ef al. (1950)
dernonstrated the marked effect on cosmophils scen when
pinephrine is grven intra larly or intravenously to
normal subjects  Ths effect conld be prevented by adrenal-
ectomy or hypophysectomy i rats. Simmlar effects have
been noted by other workers using adrenal ascorbic acid and
cholestero} as the means of indicating adrenal activity {Long
and Fry, 1945). Vogt (1044) was able to demonstrate an
increase in steroids secreted into the adrenal vein when
epinephrine was given to dogs. The decreased eosnopht

P scen 1 hypophy ized anmals is suggestive
evidence that the effect of epmephrine is at least partly due
to adrenal seerction as mediated by ACTH release from the
hypophysis.

The eflects of 3 mg. epinephrine given intravenously to &
normal subject over a period of four hours is illustrated in
Tig. 7. Although there is a defimte decrease in eosinophils
and 2 sigmifieant rise m neutrophils and total white blpod
count, there was no demonstrable nise m 17-hydroxycortico-
steroids in the perpheral blood stream. It would appear
from these data that if the adrenal gland is sccrcting,: lncmz}Scd
quantities of steroids followmg the ‘stimulus with cplr;c-
phrine, that these steroids are being rapidly removed from the
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cases took all the fractions and measured them We wondered whether
we could extract the acetate if it werecireulating in the blood, and found
that when the acetate is given intravenously we can measure very ntce
levels of the compound circulating 1n the blood stream. There's some
question as to whether the effects on the leucocytes are quite as good as
one would expect from giving the free compound.

Busw: I wonder whether your lack of effect with the free compound
on ci an phocytes, and also your rather
smaller chermeal effects, might be due to a change in esterase activity
at the injection site, whether you were 1n fact getting absorption of the
acetate by diffusion plus a small amount of free compound after hydro-
lysis, or absorption of the free compound only.

Nerson- I thunk that 1s a possibility, that the acetate has to be sphit
off before it exerts its full action. I think our findings when the E acetate
was gven d some e in that half the
cases do show these marked effects and half of them don't We've also
done studies with Compound S free and acetate, and have found no
effects with the S.

Cater: Have you any data as to rapidity of destruction in the tissues
of the corticosteroids?

" N

to normal within 6-8 hours .
Voor: 1 was very mterested n the case 1n which you administered

range. .
Voor, Have you ever done an experiment with a smaller dose?
Nerson: Yes, we started out with etther 10r 1 5 mg. of epinephrine,
given over the four-hour period, and found no effect, and 50 we stepped

N

the epinephrine was given

Secavorr Incidentally, hasn't Dr Thom also reported that 1 s
edrenalectomized patients the infusion of epinephrine produces a drop
in the eosinophils? ~



170 D. H. Nerson

results. Some increase in absorption rate of the free com
pounds ean be obtained by administration in ethanol solution.
No nse 1 blood levels of 17»hydroxycorticostemids was
observed when large doses of epinephrine were given inte:
venously to a normal subject. There was, however, s marked
fall in eosinophis and a nroderate deerease in lymphﬁcytcs
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DISCUSSION

Busw: Have you auy other data on the defferances between
compounds and the acetate? te

‘Nexsow. In each ease now we've piven the same dosage of the nct;:ﬂ e
and free compound 1o groups of about © cases, and the findingy hav
peen simular to those shown )

Busn I you're uung your usual chromatographic method, Il W“;
wondering whether the Compound E scetate mught not be hydrol y“n
when you gave 1t mtramusculadly, and stay as the acetate—then ¥
fact the B acetate in the bload would eome out 1 your front fretiond,

] ke you usually dwcard.
whic] h! thi ‘\'3 r-nrmderezl that possibility, and in s good number of

the free
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Busn, Something that worries me in taking blood samples from
patients and trying to correlate cortical steroid concentrations with
pathological states, is the question of daily vanation ¥ave you any
imformation en whether the normal level 18 either constant or changes
during the day?

NeLSo. There is some variation in the cortical steroid level over the
day, but the level has never been out of what we call our normal range

Busi: 420 per cent and no more?

. Netsox. I would say at least that in some individuals, Again there
Is quite a variation from individual to ndwvidual, Some will stay within
one or Lwo rucrograms over the entire 24-hour period, whereas we have
other cases that have varied anywhere from 5 up to 20 pg over the
24-hour peniod.

AstwooD, I was wondering 1f Dr. Nelson would feel that the intra-
muscular mjection of 25 per cent ethanol would evoke the secretion of
adrenocortical sterods?

NELSox: We had control studies on that, and our effects are not due

to the injection of ethanol.
. CATER Do youthink the effect of the aleohol upen increasing the levels
in the blood might be due to the fact that it produces an mflammatory
Teaction in the muscle and therefore enormously increases the rate of
absorption?

Netson' It’s a passibility.

CaTer: Have you tried any substance which would cause an mflam-

Matam. san-t

. \

. 4

Burr Have you attempted to measure any bound steroids?
NeLson: We have made some preliminary attempts, end thus far
have not been successful in demonstrating any, but we're certanly in
N0 position to say that there aren’t some there.
- H J, Rosinson. It1s not quite clear to me why there 1s a difference m
PNV il Ribe SO eruhrs
N .

Sprniae fane oo P A tomane —ste doses

Lol 1ses of

;‘} ng the
" -

" + found
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NELson: Yes, I believe so. There is some confusion m the liter
as to whether you can get as good a fall of eosinophils You can
fall app: in some ad: ized animals and patients
rather large doses of epinephrine.

Frasen- Have you given adrenaline together with Compound
sce whether the change you observed in 17-hydroxysteroids is
greater? -

NrisoN: Yes, we have. But 1t’s quite a problem to decide just
to do 1t Should the corttsone be given first, should they be gtve
gether, or should we give some epinephrine and then some cortis
In one study m wiich an attempt was made to give the tno toge
we tially’ obtained much higher levels of steroids m the t
stream than we ever had before. A possible explanation for that w
be that there was some arteriolar constriction, and that we were

" T ve were wh

the Jevel fe
will have t

done,

Macracan. May I present some data which I think tught hel
explain the rises 1n blood count that De. Nelson showed wm some 0.
cases. We have been studying the eosmophil counts in mtact rab
'J:he imtial count 13 about 4,000/mm.>. We find with ACTH we ¢

H. J. RopinsoN If you have not distinguished between the pseu
eosinopluls and the eosinophils, one cannot possibly draw conclus!
regarding the effect of cortisone on the true eosinophils, In the Tl
the pseude-eosinophul behaves like a neutrophi! and hence cortis:
does not reduce the number of the cells in the peripheral blood. It}
been our that the pseud are actually mcrex
as a result of cortisone therapy whereas the true eosinophils are marke:
decreased.

Macracan: We haven't yet studied the total white count effc
1 should have mentioned that there was no mse in temperatuse af
ACTH, but then we know from recent work at the Natiopal Tustitute
Medical Research that ACTIH tends to abolish the pyrogenic Fise
temperature anyhaw.

Tiarmis: We have ohserved a nise in total white count in this particul
species too with ACTIL or with stréss. This was work with Dr. 11, Toll

and Dr. J. de Groot.




THE EFFECT OF ADRENAL STEROIDS UPON
MUSCLE WORK

DWIGHT J. INGLE

WneN the gastrocnemus muscle of 2 normal anesthetized
rat is made to contract by intermittent faradic stimulation,
tt can sustain a hagh rate of work output for periods of several
days The rat loses its ability to work within a few hours
after its adrenal cortices are removed The ability to work
can be sustained, almost pletely, by the administration
of adrenal cortex extracts and certain steroids. This tech-
nique has been used as a research tool by the author during
the past 20 years. It has also been used as a method for the
quantitative bioassay of adrenal cortex extracts and steroids,
but more simple procedures are now recommended. The
ability of an experimental animal to work over long periods
of time may be regarded as a cntenon of vigour which has
wide appheability m the fields of endocrine physiology and
nutntion

i

History
Addison (1855) listed muscular asthema as a part of the
d of adrenal Jiil in man. Albanese (1892}
d ted exper ally the lar asthenia of

adrenalectomized anmmals. As confirmed by many other
clinical and laboratory investigators, adrenal cortical insuffi-
ciency 1s nvanably characterized by an inability to sustain
a normal output of work.

During the 1920’s, R. G. Hoskins and his associates reported
a series of studies on vigour in the rat. As one criterion of
vigour, they tested the ability of the gastroenemius muscle
of the anzsthetized rat to respond fo faradie stimulation.~
Among other studies, it was shown that adrenalectomy causes
a marked deerease in work output (Gans and Miley, 1927).

175 - .
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mur:h' lower than we evrpectea, 1 fact they were within the normal
range. I wonder 1f this failure of the steroid level n the blood to rise
was due to increased utilization by the tissues?

N v M 4 - fam o LD ol M af thaca acee T

tion, but that’s a rather long story
Core: One point that is very important is the tune factor in these

155 the
th the

NELsox. It was the free compound grven intravenously. 1hese differ-
ences were much more sigmificant, of course, when we had obtamed
high levels of the steroid following admmistration than they were when
we were drawing normal samples.

Bisnr: And would this rate of disappearance in the liver account for
the rate of disappearance of your injected compounds?

NEeLson: I'm not sure.
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1solated from adrenal cortex extracts and were found to be
biologically active in the work test. It was recognized that
these steroids did not represent all of the biological actimity
of adrenal cortex extracts and a search was contmued m
several laboratories for a more active compound which was
expected to replace completely the functional activity of the
adrenal glands. In 1037, 1t seemed that this objective had
been realized in the synthesis of 11-deoxycorticosterone
{Steiger and Reichstein, 1937). This steroid maintained hfe
and apparent normality n adrenalectomized animals under
non-stress conditions at remarkably low dosage.

When, in the fall of 1988, 1l-deoxycorticosterone was
tested for its effect on work 1n adrenalectormized rats, 1t was
found to be almost completely meflective At the same time,
1t was shown by Dr C. N. H. Long and lus associates at Yale
University that this compound was without glycogenic
activity in the adrenalectormzed rat At this time we sus-
pected, erroneously, that the apparent qualitative deficiency
of 11-deoxycorticosterone was based upon the slow absorption
and utihzation of ths steroid i acute tests. Subsequent
studies proved that the compound was qualitatively deficient
in 1ts biologeal effect upon work and carbohydrate meta-
bolism just as the 11,17-oxygenated stercids were weak m
their effect upon electrolyte balance.

The muscle-work test was standardized as a gquantitative
bioassay procedure (Ingle, 1944) and used in the laboratories of
the Upjohn Company to guide research on adrenal cortex ex-
tracts as well as the commereial production of adrenal cortex
extracts over a period of several years When the more simple
liver glycogen deposition test was perfected, 1ts sensitivity and
rehiability were found to be equal to that of the muscle-work
test. Comparisons of most, but not all, adrenal cortex ex-
tracts and steroids show a high correlation between the bio-
assay results of the two tests (Pabst, Sheppard and Kuizenga,
1947). The test for glycogenic activity has now been accepted
as a standard procedure in this and other laboratories, The
muscle-work test 1s presently used by us as a research tool.

B0ASeAY 18
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This series of studies inspired the author and his co-workers,
W. M. Hales and W. T. Heron, to initiate, in 1931, a compara-
tive study of vigour in two strains of rats which had been
developed by selective breeding on the basis of voluntary
activity. It became apparent that methodology was of basic
mmportance in such studies, The total amount of work done
by a rat could be made to vary several-fold according to the
nature of the stimulus. During the first two years, we were
plagued by respiratory failures in our anasthetized animals.
As methodology mproved, it became uniformly possible to
keep anasthetized rats working continuously for periods of
several days. We were amazed to find that after as much as
10 days of continuous stimulation, the height of muscular
contractions of some fed ammals exceeded the height of the
initial muscular contractions. Anesthetized fed rats were
kept working for periods up to 17 days. Forced work is a
severe stress to the amimal and work output is a criterson
of the adequacy of the animal’s adjustment to the stress.

Since my interest in the adrenal cortex was antecedent to
a study of muscle-work, it was natural that we should study
work perf of the adrenal ized rat and confirm
its lack of vigour. Work performance fell below normal
within a few hours following adrenalectomy but this failure
could be almost entirely prevented by the administration of
extracts of the adrenal cortex (Ingle, 1933). e gained
appreeiation of the fact that much larger amounts of adrenal
cortex extracts are required to sustain the normality of an
adrenalectomized animal during a severe stress than are
needed to sustain Dfe under non-stress conditions.

In 1933 these studies came to the kind attention of Dr.
E. C. Kendall, who supphed adrenal cortex extracts for this
research. In 1934, it was my good fortune to Jjoin his research
group, When cortisone was isolated in 1985 (Mason, Myers
and Kendall, 1936), its biological activity was immediately
demonstrated in the work-test, whereas it was considered o
be inactive by other investigators. Subsequently, I11-de-
hydrocorticosterone, corticosterone and hydrocortisone were
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ANESTHETIZED RAT
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F16. 1. Diagram of rat prepared for th
N of muscle,

Recent and Current Research

When h are ad tered by i ittent injection
into the tissues or mto one of the body cavities, the quantita-
tive nature of the response may be affected by differences
m the physical properties of the hormones which cause
differences in rate of absorption and 1n efficiency of utilization,
The continuous intravenous mjection of aqueous solutions
(usnally 5 per cent ethanol) of hormones simulates the manner
in which the gland secretes 1ts hormone mto the blood more
nearly than the procedures of mtermittent injection, With
this advance in methodology, we have undertaken the study
of the two following problems. Furst, what therapy is
necessary to sustain fully the ability of an adrenalectomized
rat to work? Second, what 15 the relative biological potency
of individual steroids of the adrenal cortex?
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Present Methods -

The muscle-work test has gone through a period of evolu-
tion which has not yet ended. Over the years we have
improved the procedure for stimulating muscle sé that the
amounts of work ¢licited from normal rats are much greater
than were obtained years ago. We have access to disease-free
rats, an essential requisite for the prolonged maintenance of
rats under anzesthesia. Different strains of rats vary markedly
with respect to their ability to work, and we have access to
animals which are vigorous n this respect. Finally, we have
achieved an ambition which was concelved years ago, namely,
the incorporation of inuous injection t with
our fatigue apparatus so that hormones and nutrients can be
administered by continuous intravenous mjection to the
working rat. L.

The detals of the musele-work test have been deseribed
(Ingle, 1944). Male rats of the Sprague-Dawley strain ate
maintained on Archer Dog Pellets until they reach a weight’
of 200+ 2 g. The animals are anmsthetized with phenobarbi-
tal sodium and cyclopal sodium and are subjected to the

timulation of muscle hately following removal of the
adrenal glands. In most studies the kidneys are also removed.
The gastrocnemius muscle of the left hind leg is weighted
with 100 g. A Nerve Stimulator, Model B, Upjohn, is used
to deliver five pulses per second. The duration of each puise
- 15 20 mlliseconds and the intensity 15 20 milliamperes. The
distance the weight 1s Lifted is recorded on jalxtomutic work
adders.” Each recorder revolution represents approximately
400 gram-centimeters of work. The animals are enclosed
in a temperature cabinet with temperature constant at
2840+5°C. The test substances are made up in aqueous
solution and are injected mto the jugular vein by means of 2
continuous injection machine. The fluid volume is 20 ml.
per 24 hours per rat. By means of this apparatus 12 rats
can be studied simultaneously. A diagram of the general
procedure 1s shown in Fig, 1.
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organic and inorganic metabolism than any other known
compound, it was anticipated that it would be superor to
either cortisone or hydrocortisone in the work test. This was
not true.  Optimal doses of corticosterone had an effect which
was approximately cquivalent to the effect of optimal doses
of the other two compounds and was iferior to optimal doses
of extract. The data are illustrated m Fig 3.

Noune of the single compounds tested in these studies fully
substitutes for cither the rat’s adrenal cortices or for adrenal

THOUSANCS OF RZGONDES AFYOLUTIOND

ApRERIS
T

A0RENALECTOMY

Toen 6 mel u s ms e A Bo adeen el o3

cortex extracts, When cortisone, hydrocortisone and cortico-
sterone are mixed 1 equal proportions, the peak response 1s
nat superior to that elicited by optimal doses of the single
compounds When dosage is based upon glycogen units,
adrenal cortex extract is superior to equivalent doses of the
pure compounds m supporting work (Fig. 4). These results
support the hypothesis that adrenal cortex extracts contain
one or more unidentified compounds of biological importance.

2. Comparative Activity of Single Steroids, Earlier studies
(Ingle and Kuwizenga, 1945, Pabst, Sheppard and Kuizenga,
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1. Completeness of Replacement Therapy. As shown by
Ingle and Nezamis (1949), the continuous intravenous
injection of large amounts of beef adrenal extract can sustain
o normal work output 1 adrenalectomized rats. Doses of
15 to 20 ml. per 24 hours per rat were required, Full replace-
ment has never been achieved by the intermittent injection
of adrenal hormones,

In subsequent studies muixed extracts from hog and beel
adrenal glands have been used whieh contain the biological

e
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weonstcrowr
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activity equivalent of 0-1 mg. of hydrocortisone per ml, 8§
assayed by the hver glyeogen deposttion test. VWhen adrenal-
ectomized-nephrectomized rats were used, it was confirmed
that large doses of adrenal cortex extracts do sustain normal
or almost normal performance (Fig, 2). Treatment with
either cortisone or hydrocortisone failed to sustain a norma
output of work {Ingle, Nezamus and Morley (1951a). Thc§c
studies have heen extended to corticosterane. Since this
steroid represents a better balance between the effects upon
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vity of the adrenal cortices of the hypophysectomized rat,
especially those fractions which show a dissociation 1n elfects
upon adrenal ascorbic acid and adrenal morphology (Ingle
and Li, 1952)

In unpublished studies we have scen striking chfferences
m the work performance of rats on different diets, each of
which was thought to contain all of the food factors. This
criterion of dietary adequaey may deserve exploration. The
availability of continuous injection equipment permuts

temic studies of intr feeding

We have reported (Ingle, Nezamus and Morley, 19315) that
the stimulation of muscle greatly accelerates the disappear-
ance of intravenously administered glucose in the severely
diabetic tat. Preliminary studies of the effect of muscle
work upon the metabolism of glucose i the presence and
absence of insulin are under way.

Summary
A technique for the study of work performance in the rat
has been described. The gast muscle is weighted

with 100 grams and 1s made to contract five times per second
by faradic stimulation. A normal anesthetized.rat can
sustam a high rate of work for several days. The ability to
work is lost witinn a few hours following adrenalectomy.
Work performance can be sustaned by the administration of
adrenal cortex extracts and a little less well by the 17,11
oxygenated steroads of the adrenal cortex. This procedure
is used as a research tool in studies on adrenal cortex physio-
logy and 1n studies on other deficiency states.
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1947) demonstrated that the adrenal steroids can be ranked
in the following descending order of activity when assayed in
the muscle-work test: hydrocortisone, cortisone, cortico-
sterone, 11-dehydrocorticosterone and  11-deoxycortico-
sterone. The data of our current studies are n agreement.
This order of relative potency 1s identical with that obtained

THOUSANGS OF RECORDER MEVOLUTIONS

o3 3 13
GLYCOGEN UNITS PER 14 HRS PER AAT

Fi. 4 A comparison of the total amounts of wark done by

rats given equvalent doses
extract (ACE) or
jection. Averages

{glycogeme act;)vnty) of adrenal cortex
y

of 15 1ats per group.

in the liver glycogen deposition test (Pabst, Sheppard and .
Kuizenga, 1947).

Other Possible Applications
Hypothetically, the work test should be useful in testing
replacement therapy for any deficiency state which is charae-
terized by muscular asthenia. The rat fatigues within &
few hours following hypophysectomy. The administration
of corticotrophin almost completely restores the capacity of
_ the hypophysectomized rat to work (Ingle, Li and Evans,
1944). " The work-test may provide a useful index of the
effect of various fractions of corticotrophin upon the secretory
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lactation completely in their rats after adrenalectomy With Compound

[P " e e

sources there was some contamination with hydrocortisone This was
not recognized until cortisone was synthesized  In my own earlier work
with cortisone 1solated from the gland we found biologieal responses with
certain doses, but with the synthetic product we had to mve nearly
twice as much to get the same effect. I think part of the difference was
due to use of the i d with the acetate,

a9
but it 1s nlso possible that the amount of hydrocortisone present with
the cortisone had an important effect
Buss. 1t seems possible from recent work at the Courtauld Institute
th:ft an even more

ortisone 1solated from

those studies we treated the ammals for one or for two weeks after

d efore we subjected them to the work test. The ones
recetving the mixture worked better than those on cortisone alone, but
the level of work output remained subnormal
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DISCUSSION

HJR 1 Are your ad Te d rats on saline
when they go downhll so rapidly?

IngrE. They were put to work immediately after adrenalectomy S0
that there was no maintenance period The untreated adrenalectomized
control ammals which I showed received saline by continuous intra-
venous mjection during the time they were working.

Core’ In so far as you get better effects from the erude adrenal
cortical extract than from either E or T, the assumption s that there s
something there producing a better effect Have you tned whether
adrenal cortical extracts potentiate the action of E and F, possibly m

small amounts?

. - U
1y ve
work

test.

Gappun Is the evidence really sound that the amorphous fraction
15 very active? I bave heard some doubts cast upon it. Have you any

doubts at all?
P Tomnwn
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at least according to the majonty of reports hitherto pub-
lished. It has been suggested that compound S {the 17-

hydroxy derivative of DOC) might fulfit the rdle of the natural
salt hormone, but 1ts biological activity appears to be dis-
appointingly low (Masson, Corcoran and Yage, 1930). The
fact that cortisone, when given in sufficient doses, will affect
sodinm metabolism in exactly the same way as DOC (Roberts

and Pitts, 1952) may argue against the dual nature of cortical
secretion.  On the other hand it is certain, and has just
recently been re-emphasized m experments by Ingle, Nezarms
and Morley (1952), that Compound F 1s wnferior to whole
adrenal extract in restoring functional deficiency produced by
adrenalectom) Many workers have pinned their hope on the
-“amorphous fraction” to t for this di in
efficacy, but conclusive evidence to show that th\s frachon
contains potent unknown substances normally secreted by
the gland is still lacking. The very interesting experiments
of Tait, Simpson and Grundy (1952) on fractionated adrenal
extracts demonstrate the presence, 1n such extracts, of an
unknown compound with high activity on mineral meta-
bolism. There is no evidence as to whether the natural

adrenal secretion contains this new substance (or something
similar to 1t). Spencer {1950) reported salt retammng praper-

ties of serum from adrenal blood of a dog. The activity m

terms of DOC was very high, equivalent to 4 ug.jml., but

unfortunately the author did not follow the matter up, nor

did he state the potency of the same material in terms of an

T-hydroxylated compound. It ought to be possible to obtam

evidence on the nature of the products of glandular secretion

by the comparison of the same sample of adrenal effluent

a test specific for steroids with O on C-11 and in a test which

will also or predominantly respond to DOC. Unfortunately,

so far, assays using effects on electrolyte metabolism have

proved very difficult to standardize and to reproduce,

Attempts w1th Spencer s method on the sodmm retention of

d mice are in p in Edinburgh, but the

technical Qifficulties bhave nut yet been mastered. The




OBSERVATIONS ON COMPARATIVE BIOLOGICAL
ASSAYS OF ADRENAL CORTICAL STEROIDS

MARTHE VOGT

TnE most successful field for comparative biologieal assays
of adrenal corttcoids has hitherto been -the comparison of
pure corticords either with each other or with cortical extracts. .
You are all famibar with the data represented in Table L
according to which deoxycorticosterone and the steroids
oxygenated in the C-11 position are contrasted by means

Table I
e | oo
Survival N +++
Blood urea et
Na Retention e+
Ingle’s muscle work test + it
Glycogen deposttion + RIS,
0 o+

Fall n lymphocytes or cosiophils

of two groups of biological tests. In adrenulectami?ed
animals DOC 1s the more active compound in tests using *
survival, urea retention, and sodum retention; whereas it is
inactive or very nearly so when the tests used are the muscle
work performance (with Ingle’s method), the glycogen
deposition or a fall in circulating Iymphocytes or eosmophils.
One of the problems which exercise the mind of many
workers at present is whether the natural secretion from the
gland contains compounds which fall into these two groups.
The belief, held for a long time, that DOC is the naturzl
hormone regulating the mineral metabolism, became in-
creasingly unlikely when chromatographic nnn!ysis of blood
draining the adrenal glands did not reveal this compound,
186
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and cortical extracts in most of the cold tests. One ml. of
this extract was equivalent to 80 pg. Compound E w the
mouse cosinophil test.

The comparisons were made with two objeets in view
first, to get figures for the secretion rate in terms of Compound
E; and sceondly, to try and see whether changes n the rate
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¥ic 1 Doselresponse curve for Compounds E and F 1o the
mouse eosinophul test

of secretson would be reflected 1 the same way in both tests.
Fig. 1 shows the dosefresponse curve for the assay of Com-
pound E 1n the mouse eosmoplul test. Identical results,
incidentally, are obtamned with Compound ¥. The figure
immediately shows the difficulty inherent in this work: the
dosefresponse curve is so flat that, in order to obtain sigmfi-
cant differences between responses, the dose has to be in-
creased by a factor of about 4 when 10 mice are used per
group  Since 1t 15 Impractieable to increase the number of
anumals, it is obvious that changes in the rate of secretion
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comparative assays on which I can report today were carried
out by Dr. Bibile and myself and employ the fall in mouse
cosinophils* as a test for substances with an 0 at C-11, and the
survival test at low temperature as a test in which the animals
respond more indiscriminately to adrenal corticoids. Tiiere
are two reasons for suspecting that survival at low temperature
15 not prolonged exclusively by compounds carrying an
oxygen mn the C-11 position: one is the lack of parallelism of
dose-response curves obtamed with adrenal extracts and
with Compound E, the other is the efficacy of DOCA in the
‘‘cold test.” Tlus latter argument has, however, to be used
with caution. Though the survival time of such rats an be
prolonged by DOCA in doses which are only two to three
times larger than the amounts needed of Compound E
(about 20 pg. DOCA as compared with 8 ug. Compound E),
the DOCA has to be given on the day preceding the exposure
in order to be effective. Such a delayed action may be due
to the slow absorption of DOCA. That this explanation
may, however, be mcorrect is suggested by the mability of
the water-soluble DOC glycoside to protect unless the dose,
given on the day of exposure, 15 about 60 times that needed
of Compound E. Even allowing for the greater molecular
weight of DOC glycoside, this is a Jarge diserepancy. One
possible explanation might be that the derivatives of DOC
may not act on their own but only after oxidation in the
body.

In spite of some uncertainty, then, about what action of
corticoids is measured in the “‘cold test,” a number of samples
of adrenal plasma obtained from perfused adrenals or from
glands in situ were extracted with ethyl acetate, the extm.cts
purified, the steroids transferred to water and an estimation
made of their potency in depressing the number of eosinophils
in mice and in prolonging the survival of rats kept in the
cold. Compound E was used as standard in the mouse test,

#The d mice were with DOCA implants and
we are greatly indebted to Messra, Organon for a generous supply of 5 Mg
DOCA pellets.
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of KCl, on the ption that the ch of ing
the secretion of a hormone acting on mineral metabolism—
if there is such a hormone—might be greater with KCl than
with ACTH. 1t is in these comparisons that the limitations
of the assays made themselves most felt. The mcreases
produced by KCI were often hardly large enough to be
demonstrated when the assays were done by the cold test,
50 that the chances of detecting them 1 a test with even
poorer discrimination between doses were slender indeed.
There were two experiments in which small increases in
hormone yield shown by the “cold test” were reflected m
similar, but non-significant increases when the assay was
done by the eosinophil test, so that the mmpression was
created that the activity measured was always due to secre-
tion of compounds with an oxygen at C-11. Whether this
Le due to the limitations of the methods or to the fact that
adrenal secretion really pred: ly of sul

akin to compounds E and F, these assays have so far
not produced any evidence for the dual nature of cortical
Secretion.

ol
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PISCUSSION
Seoarorr: I'm a little troubled about drawing conclusions about
all . Rt PR L

1 hane solation, with

miscible onés hke glyeol or
deoxycorticosterone itself?

Voor: I haven't tried those because they fall out of solution 1mme-
diately when you inject them, and give just a suspension. I perfectly
agree that the of the gly may be ifferent.
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would have to be very Iarge in order to be reflected in sigm-
ficant differences in the fall of the cosinophils. The threshold
is about 1 pg. of Compounds E or F, whereas 40 ug. of
DOC glycoside is without effect. . '
Table IT shows the results of a scries of such comparative
estimations of adrenocortieal secretion. In the perfused

“Tabe 11
Cortrcan SECRETION IN THE Do6 {ug Cpd. Efg.fmin}
PERFUSED ADRENAL ADRENAL IX SITU -
No. of. ASSAY ON Na. of } .Mouse
Exp.|sanple Hice Rats Bxp. 4gsay REMARKS
6. . o 7 planchnies
HEREEERE R
D) 1 1.9 >3.1 1 7 Splanchnics
2 2.2 >3.1 Sut
3 2,2 >3
1 5.5
’ 2 6.0
3 2.1 1,3
& 2 Lg 3.9
2 2.1 -
7 1 2.1
8 1 1.5
9 1 3.0 52
MEAN 3.7 >u.5

gland, the figures vary little; the mean obtained in terms of
Compound 1o per g. per minute appeats a hitle smaller by
the maouse assay (fall m cosmophils) than by the rat assay
{*“cold test”), but the difference 15 non-significant. As
expeeted, the gland in situ yields o greater amount of hormone
than the isotated gland, Ny when the splanch

nerves are Jeft intact.
In some of these experiments, an attempt was made fo

increase cortical secrehion in the perfused gland by wmeans




ASSAY OF GLUCO-CORTICOIDS

. J. A NISSIM

THERE are now a number of methods for the bioassay of
gluco-corticoids, the most important of which are the rat
glycogen method, the mouse glyeogen methods of Venning,
Kazmin and Bell {1916) and of Dorfman, Ross and Shipley
(1946), and the method measuring the reduction in blood
eosinophils (Speirs and Meyer, 1951). There 1s no doubt that
methods employing the mouse are far more sensitive than
those employing the rat. The mouse eosinophils method
seems to be superior both 1 sensitivity and 1n precision,
and though the author has mo personal experience of this
-.method, the remarks which will be made on the assay of
gluco-corticoids are pertinent to this method as well. The
author’s experience m the bioassay of gluco-corticoids was
gained whilst investigating the conversion of steroids by
adrenal tissue. Two main pomnts of mterest have emerged
from this study of bioassay technique: one with regard to the
thesia used n the of of adrenalectomy; the other
neerning the of the y and merit of

différent bioassay procedures.

Anzsthesia

The first 250 mice were d under bined
pentobarbitone and ether, but the results left rvom for
improvement. After that, a combination of local and intra-
peritoneal xylocaine was used, the intraperitoneal dose pro-
ducing anzsthesia of the penitoneum as well as a state of
stupor during which the operation could be carried out. The
animals suffered less discomfort and shock than with ether,
and this is supported by the mortality figures up to the fourth

massaay 193 14




182 GeNERnarn Discussion

from that of ether free deoxyeorticosterone or the acetate  DBat all
X wanted to say 15 that 1t does make you a htile suspicions,
Sraavorr. How did you decide on the end-pownt for the eold test?
Thet was the major difficulty we encountered in frying to use that test
Voot You mean, recogmazing when they were dead? In most ammals
there 1s no doubt, but in those nhere there 15 doubt, we simply take an
:;ﬂntmry end-pomnt- when the corneal rellex disappeats, we eall the rat
end
Perey 1 noticed you didn't claum any differcnce between 8 7 and
>4 5. It certamly seems rather signfiicant that 6 out of the 8 values
for the rats were greater than those for the mice.
Voor: Yes, but I wanted to be an the safe side. 1 didn't put the
fiducial Himits of thase figures in the table, and I think if you had seen
them you wouldn’t hike to draw any conclusions.
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number of animals required in an assay to reach a partieular
level of aceuracy,

In the present experiments on the bioassay of gluco-corti-
coid ial, the mouse glycogen method of Venning was
used. Briefly, this method involves the fasting of adrenalecto-
mized mice for 22} hours, during the last 6} hours of which
the material to be assayed i injected in divided doses. The
animals are then killed and their hiver glycogen dctermined.
Venning ef al. used a pure stramn of mice from ther “own
colony”.  In the absence of breeding faciities, the present
investigation had to be carned out with male white mice
obtained from reputable dealers, but the punty of the stram
could not be relied on. Results showed marked varation in
the hwer glycogen levels of adrenalectomized control mice
as well as of those mjected with gluco-corticords.

The mean liver glyeogen of 15 groups of 10 control adrenal-
ectomized mice ranged from 2-026 to 29189 mg.j100 g hody
weight, with a mean of 12-4 £:1-8. The cocfTicient of vanation
was 1780 per cent, and values of liver glycogen ranged from
0:3t0 188-3 mg. Forbes, Griswold and Albright (1950) also
recorded unduly large numbers of “positive controls”, i.c.
individual values excceding 9 mg. /100 g. in control groups, and
found that these high values were climinated by substituting
a bran-containing diet in the last 15 hours before the fast, In
the present experiments, the results of Forbes et al. could not
be confi d. Sixty-one ad 1 ized control mice put
on the Forbes rémme gave a mean of 12-48 +1-53 mg. and
a coeflicient of varnation of 181-25 per eent (Figs. 1 and 2),

In biological assays, coefflicients of variation greater than
about 25 per cent are very troublesome and ustally denote
multiplieity of vanables. An attempt was made to determine
the reason for this lugh vanation, Aceessory adrenal rests
and faulty adrenalcctomy were excluded by carcful post-
mortem on,  Laver gly levels were then
studied in normal non-adrenalectomized mice, in fasted non-
adrenalectomized mice, and 1n fasted non-adrenalectomized
mice injected with Eucortone. All three groups gave a
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post-operative day. For the 250 mice anasthetized w
ether the mortality was 20 per cent, whlst for 1787 m
adrenalectomized with xylocaine it was only 68 per cent

Mice weighing 2026 g. received 0-15 ml. of 2 1 per
xylocame solution (without adrenaline) subcutaneously a
0-15 ml. mtraperitoneally, With a small shift in the directi
of the needle, half the subcutaneous dose was placed over {
right lumbar peritoneal mcision, and half over the le
Adrenalectomy was carried out 5-10 minutes after {
mjection of xylocaine. The tail of the mouse was strapp
with adhesive plaster on a cork board, whilst an assista
held the amimal by the ear.

Procaine was found unsuitable when used in the same W
as xylocame, as the stupor was then associated with consid
able excitement

Selection of Bioassay Method

With the different methods available for the bioassay
gluco-corticord activity, the problem of selecting a surtat
one for a particular investigation is not very easy. If se
sitivity of assay 1s the primary need, the mouse glycog'
methods are far superior to the rat method, but the latt
has been said to give more accurate results (Pabst, Sheppa
and Kuizenga, 1947; Dorfman, 1949). In reviews on bioasst
procedures, Dorfman (1949, 1950) compared the accuracy
his mouse glycogen method with that of Venning et al. (194
using the mdex of preeision, or, what amounts to the san
thing, the error range of potency ratio. He arrived at t
conclusion that Venning’s method was the more accurat
though the difference was not very great. The index ¢
precision is equal to the square root of the mean square ¢
error (or error of random sampling in an analysis of varianct
divided by the slope, 1e. &/b, and has been named A b
Gaddum (1938) The quantity 1/a2 is proportiom}l to th
amount of information per test object. The figure obtaine
for A 1s therefore an excellent guide to the precision _of th
experiments, and the smaller 1ts value, the smaller Is th
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Table 1
COEFFICTENT OF VARIATION OF LIVER GLvcoGEN LEVELS 1v Nommar, Nov-
FARTED Mice, NorMaL FASTED Mice, AND Norsar FAsTED MicE INyECTED
WITH 0:1 Mr. EUCORTONE

Number | Perwod of | Licer plyeogen per
Grou Coeficsent
|t | R | WY | SN | meen
3 3 o 81-084+11 53 77 9
b 30 24 16 803 70 120 5
e 10 24 46 83317 27 16 5 njected
W
Eucortone

The error contributed by the chemucal estimation of glyco-
gen was determuned by control experiments and found to be
negligible.

Attempts were then made to ehminate “positive controls’
by & number of procedures, even at the expense of some loss of
sensitivity. Forced exercise for a period of four hours prior
fo the assay and exposure to cold for a sumlar period failed
to produce the desired result. The possibiity that some
gluco-corticoid may be evolved by the testis was imvestigated.
Combined orchidectomy and adrenalectomy gave no better
results, Pre-treatment with thyroxine was the only effective
measure {mean 3-33+0 81), though the coefficient of varia-
tion remained high (182-5 per cent), and the mice were
rendered totally insensitive to gluco-corticoid substances.

Mice obtained from a second dealer failed to give smaller
variation.

In the assay of cortisone acetate a good regression line
was obtained (Fig. 8), but at the expense of using 40 animals
per group.

- Lastly, hver glycogen levels in white Wistar rats showed
low coefficients of variation which are not diffcrent from those
of other workers (15-25 per cent). The coefficients of variation
of muce used n the assay of cortisone on the same days, as
control for the rats, averaged G0 per cent. Perhaps the most
striking contrast was between the coefficient of variation of
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similarly wide variation (Table I), which could not in this case
be attributed to faulty operative technique. A group of non-
adrenalectomized mice with a mean liver glycogen (10-94mg.
100 g.) comparable to that of the adrenalectomized control
group showed a variation coefficient of 197+8.
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Fic. 1. Block diagram showing percentage distribution of liver
glycopen levels m 150 fasted adrenalectormzed control mice
kept on ordnary stock diet.
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Fie. 2. Block diagram showing percentage d stnbution of liver

g1y cogen levels 1n 61 fasted adrenalectomized control muce kept
on “*diet A +B" of Forbes ¢t al (1950)
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two workers must be taken into account when the merits of
their methods are compared. Under such crrcumstances, the
independent study of the square root of the ruean square
of error and of the slope yields more mnformation than a
comparison of the indices of precision. Thus is well llustrated
in the companson between the methods of Venmng and of
Dorfman. The smaller index of precision of the method of
Venning et al. 1s seen to be due merely to a smaller variation,
the slope being greater in the case of Dorfman et al. Had the
coefficients of variation been reversed mn the two methods, the
indices of precision would have shown the ratio of 6-2 instead
of bemg nearly equal Thus, 1t may be said that A is an
index of aceuracy or precision of expenments. not of methods.

Table II

©oF VALUES OF Ct or V. SLOPE, AND INDEX
OF PRECISION ¥oR CORTISONE IN Bioassays Carmico OUT BY DIFFERENT
W

Name of author
Nusmm Dw[m:\ﬁe)l at Vm;l‘l:%s :)t at
Average e.v for cortisone 106 825 56 80 20 825
Slope for cortisone (b) 12 9 22 23 9 59
Index of precision (A) or sfb 0 505 0 158 0187
4/Mean squate of error (s) 6 523 3 512 1 814
sfev ratio [ 0 08105 0 0618 © 0831

© v, mcoefficient of vamation

In conclusion, 1t 1s ponted out that if pure stramns of mice
are available, methods employing the mouse can give just as
accurate assays as the rat method, if not more accurate. This
may well be seen from the work of Venning et al. (1946) and
of Sperrs and Meyer (1951).
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bver glycogen in normal rats {63 per cent) and that in
normal mice {779 per cent),

A comparative study was made of the coefficients of varias
tion obtained in the bioassay of cortisone with those of other
waorkers, The relative magnitude of this cocfficient is charae-
tenstic throughout the experiments of esch investigator,
Smce, as shmm abave, this variation is independent of the

of adrenal ¥, and the error of the chemical

{!

MG SLYCOGEN PER (005 BODY WEIGHT
s 68655383858

B0 2530 <0 50 80 100
106 DOSE

3

Fio 8. Logwnthm dose-response repression hne for cortisone
cetate——Irom 2 points, 20, 40 and 80 mucrograms,

estimation adds Iittle to it, the average caefficent of variation
is representative of the purity of the strans used by each
investigator,

Table I shiows a comparison of the coefficients of variation,
the slope, and the indices of precision obtained for cortisone
in bioassays by Venning et al., Dorfman et o/, and the present
investigator. The square root of the mesn square of error {s)
15 shown to be proportional to the average coeflicient of
variation, so that the magnitude of the mean square of errot
in turn must dcpend practically sofely on the strain of mice
used, Differences in the cocflicients of variation obtained by
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genetiaist, and has actually a true strain in the eugenic sense. Is that
truet

SEGALOFF: Yes. Speirs is a geneticist. They had some 25 or 30 strams
available at Bar Iarbor and they selected the strain that worked best,
Incidentally, I was quite amazed when T was told that it’s easier here
to get. pure strain rats than mice, because you can buy pure-strain mice
from almost any dealer in the States and pure strain rats are extremely
difficult to get.” We can actually purchase the most sensitive strain of
mice from Bar Harbor. But I think we must remember that in expen-
ments on earcinogemue hydrocarbons, the British workers are on record
as saymng they get less vanation from market mice than with inbred
SLEAINS, Thnon mmn pammn $homoe o <o} 2l we . Shmmons AP ot e ok
superior,
neous anc . ' .
some thir " -

Vooer: If the purity of the stramn were very important in the mouse
eosinophil test you would imagsne that you would have smaller variations
within hitters than between litters, and that 1s not so

Secavor: 1 think 1t would depend on the relative punty of the mice
you start with, The possibility with the.genetic differences that exist
are tremendous. I am told that 1n mice it takes some £2 generations of
brother to sister mating to get 2 homozygous stock

Voot: I don’t mean that the hitters are homogeneous, but surely they
ought to be more homogeneous than non-htter-mates

Scearorr: They ought to be.

_ Astwoop- It scems to me that when divergent results between
Iaboratories have been blamed upon stramn differences m the past 1t has
eventually proved to be not the case, and I wonder iIf 1t’s not because

between glycogen and total sugar,

Nissist. They armived at the conclusion that the total sugar method
‘was 5 times as sensitive as the Liver glycogen, The coefficient of variation
was 60 per cent of that of the latter.

Penry. Am I right 1n assuming that this distribution of hiver glycogen
values 15 extremely skew? It seems to me that the strain of mouse used
may be important n thus respect, since with the strain you are using a
few amimals appear to give responses very igh mn the scale, It olso
seems to me that the coefficient of variation 13 not a very good mensure-
ment of the scatter in these skewed distributions ~

Nssnt The means of those groups were taken as well (1 e. the mean
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Secavorr. Unless I am musinterpreting which one of the Venning
tests you're talking about, the Dorfman and Venning fests are actuslly
ifferent, not only m anrmals, dut 1n method: Dorfman uses an oif solz-
tion, Venning uses a solution tn aleohol, and adds ghicose to the injection
medium. Dr. Venning does not employ pure stram ammals, but a semi-
inbred colony  Actually they found that temperature made more dilfer-
ence than the anmals,” We ourselves have had a great deat of dxﬂ:lCuhy
with ammals that come from the outside, and have been employing, of
late only F, arumals bred 1 our own coleny. I'm troubled that you're
aseribing these differences to strains of smmals when there are much
greater differences m the sctual assay procedures employed VVith the
Venning method, m our experience and | think the experience of others,
frorn season to season, even usmg mbred stramns of anmals, you have to
change the amount of glucose that you add to keep your percentage of
positive controls within allowable immts. 1 wonder 1f fhat fsn't possibly s
greater cantributing factor than the strain of animal. N

Nisszy My ampression was that where you had high variability i
the strmn the method vely Little to the coefficient
of vanation. In particular, there 1s this hugh variation in the lver glyco-
gen of normal aruce, whereas in rats the coeflicient of vanation 1s very
low. The contrast s very stnking there, and shows that the error can-
tnbuted by the method 1s very small. That was the object of doing
normal animals,

SzGaror: Were the rats from your laboratory?

Nissi. Yes.

Voor: But wowd this nat also show that muce are simply more sen-
sitive to enviconmental conditions? Mice are after all preferred to rats
for this work because they are more sensitive, but any snimal \rhxgh is
more sensitive to the mjection of carticoids would also be more sensgtivv
to varying 3 and fore have inherent in it
a greater coeflicient of variation, whether the stram is pure or not,

‘Nissns: That's true. But if you have & sensittve method the need for
a pure steain is greater because any vanation wilf show much more.

Core: One query relevant 1o this that ¥ might throw out to our
Amencan friends: I believe that ewther Speirs or Meyer is Iomself &




THE PAPER CHROMATOGRAPHY OF STEROIDS
AND ITS APPLICATION TO ASSAY PROBLEMS

I. E. BUSH

Tur word assay has a rather wide range of meaning and the
method presented in this paper does not constitute an assay
m the sense of a strict quantitative estimation of particular
hormones. Instead it is a method of general appheation to
the semi-quantitative estimation of a variety of steroids m
blood, urine, and tissues. It 1s useful for exploratory exper-
ments, and for routine use with some problems, When used
for steroids contaiming the af-unsaturated 3-ketone group
the method 1s capable of detecting 0 5 pg.; and over the

~range 0-5-5 pg. the semi-quantitative method of estimation
used is in fact probably as good as, or betfer tham, any
bioassay capable of dealing with such small amounts, At
present 1t is probably unswitable for clinical work unless
good facilities for chromatographic work are available.

Methods

Extraction of Blood

The blood sample (5-80 ml ) 1s diluted with an equal volume
of water and the haemolysed blood extracted 1 X 6 volumes of
ethyl acetate for five minutes The ethyl acetate extract 1s
washed 1 X ¥ volume 0 2N-N2,CO; and 1 X ¥ volume water.
A drop of glacial acetic acid and 5 ml. absolute ethanol are
added and the extract distilled to near dryness at 45°C. 2
vacuo. An ar stream can be used during distillation.  The
chstillation flask 1s well rinsed with 6 ml, light petroleum
(b.p. 40-60°C.) and the petrol solution transferred to a 15 ml.
glass-stoppered test-tube. The flask 15 washed agamn with
4-5 ml. petrol and then with 2 ml. 70 per cent ethanol, both
solutions being transferred to the test-tube. All transfers

201
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of ten groups mstead of individual values) for the calculation of the
coeffictent of variation and the results were still lugh.*

Crarke I should hke to say that I should be hesitant to attmbute
differences between coeflictents of vamation wholly to driferences in
purity of strain > 1n the we gave y breeds
were compared within the same experiment, and each’ experiment was
done at the same time by the same people under the same conditions.
One of the values of using lambda as a basis for comparison 1s that one
15 usually interested 1n the precision of the estimate of relative potency,
which can be expressed in terms of lambda, and dlﬂ‘erexlces m slope

H 12
ceal

Nissmm: Yes, .,
il Tt 1 eC3eeMte 3 Madber in aar pqrlier experi-
quite an

1 should | ke 1o add that skewness docs not necessanly avgue against
¢ strams, of the £ the values 1n question tends to be
et 1 the normal population (e , blood preseure frequency distribution

m man).
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known amounts of an af-unsaturated 8-ketosteroid. With
clean extracts this method has an error of 315-80 per cent
in the range of 1-5-15 pg. when the spots cover 1-3 em.? each.

For permanent records, the dried chromatograms can be
photographed in ultraviolet light with a Wratten 2 B filter
and an_exposure of about five runutes. This filter is not
selective enough for urine extracts but 1s excellent with blood
extracts. The photographic method 1s more sensitive than
the visual.method, spots of } pg. being easily seen on the
photographs. :

Application to Urine Extracts

The method can be applied to the examnation of urine,
though actual estimation is much more difficult due to the
oceurrence of large humbers of green, blue or pink fluorescent
“spots in some specimens.

In normal females one quarter of a 24-hour sample of
urine 1s sufficient for the detection of a large number of

ducing ids and af ated 8-ketosteroids in
different fractions. In pregnant females, patients with
Cushing’s disease, and some diabetics one-tenth of a 24-hour
sample is sufficient.

Application to Other Tissues
Adrenal gland extracts can be satisfactonly separated and
examined.

Recovery Values

Recovery of 11-dehydro-17-hydroxycorticosterone and 17~
hydroxycorticosterone from blood ranged from 80-100 per
cent with amounts of 5-80 ug.

- Some Applications and Results
Adrenal Gland Extracts

These have been described previously (Bush, 1952). Apart
from the recognized active cortical steroids, different com-
mercial extracts contain from two to four other af-unsaturated



are made with pipettes. The flask is then rinsed thoroughly
with 10 ml ethyl acetate (warmed to 45°C.) and the ethyl
acetate washing kept. The test-tube is stoppered and shaken
with fairly vigorous inversions for five minutes. The petrol
layer is drawn off by a pipette after settling of the layers.
and discarded. Ten ml. dry chloroform and 1 ml, water are
added to the tube and the tube shaken for five minutes. After
settling, the upper emulsified layer is drawn off by pipette
and the chloroform extract evaporated at 45°C. in a glass-
stoppered tube with side-arm after the addition of & trace
of Sudan red. The ethyl acetate flask washing 15 used to
wash the extraction test-tube and then added to the main
extract in the evaporating tube and concentrated at 45°C.
to about 0-X ml. This extract 1s taken up on a clean 5-strand
lamp-wick and concentrated by the *““wick’ method (Bush,
1952) before deposition on Whatman No. 2 filter paper for
chromatography.

Chromatography

Chromatography is carred out by the metheds previously
described  (Bush, 1952), the best system for active cortical
steroids being toluene-methanol:water, 10 7:3 (v/v) at 36°C.

Detection and Estimation

The chromatogram 1s dried and then sprayed with one of a
variety of reagents. For active cortical steroids the reagent
used 1s 2 solution of 0 5-1-0 mg. triphenyltetrazolum
chloride m 100 ml. aqueous 28-NaOH. After marking with
pinholes the pmk spots produced by reducmg substances,
the chromatogram is dried by heating in still air to 80°C. in |
an oven or by infrared lamps. When quite dry (with a sligl}t
yellowing of the edges of the paper) the chromatogram is
examined in strong ultraviolet hght usmng a Wood’s glass
filter. ap-Unsaturated 8-ketosteroids give bright yellow
fluorescent spots which are quite distmet from any other
fluorescent substances on the chromatogram. Estimation is
achieved by comparison of the fluorescence with spots of
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secreting at a very high rate) responded by increasing its
output of corticosterone much more than its output of
17-hydroxycorticosterone,

In cats, rats and sheep (Bush and Ferguson, unpublished)
& much less polar substance very similar in properties to
1l-hydroxyandrost-1-ene-3:17-dione  has been found
adrenal venous blood. In cats appreciable amounts of
11-dehydrocorticosterone and 11-dehydro-17-hydroxyeortico~
sterone have also been found.

-Two of the aB-unsaturated 3-ketosteroids more polar than
17-hydroxycorticosterone have been detected m the adrenal
venous blood of some cats, dogs, and sheep (Bush and
Ferguson, unpublished). Both give orange coloured dinitro-
phenylhydrazones and reduce triphenyltetrazolium chloride.

The rates of secretion observed i these experiments have
all been very large and the absolute figures are so close to
those of Vogt (1943) that 1t seems likely that the substances
detected chemically will account for all the activity of adrenal
venous blood in the Selye-Schenker cold test (Selye and

- Schenker, 1938).

In rabbits acutely hypophysectomized one hour before
collecting adrenal venous blood the secretion rate was from
one-fifth to one-tenth that observed in the (otherwise) mtact
animals, On giving intravenous ACTH the adrenal cortical
secretion mereased rapidly to the usual rates seen m ammals
subjected to the severe operation necessary for the collection
of adrenal venous blood. The same behaviour was observed
in 1solated perfused adrenals from cats and ferrets when
perfused with blood drawn from anmsthetized donors and
circulated m the perfusion apparatus (Vogt, 1951) for 1-2
hours before the start of the perfusion. Tt seems likely that
the adrenal cortex n most mammalian specles can secrete
at rates of at least 10 times the basal rate during severe
stresses,

Only two cases of adrenal hyperfunction in man have been
studied so far. Thanks to the courtesy and co-operation of
Mr. L. R. Broster, adrenal venous blood has been collected
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8-ketosteroids more polar than 17-hydroxycorticosterone. In
addition, two other reducing steroids more polar than 17-
hydroxycorticosterone but giving no fluorescence with NaOH
are present 1n considerable amounts.

Adrenal Venous Blood

Adrenal venous blood has been collected from a vatiety of
mammalian species in vivo with the splanchnic nerves usually
mtact. The results of these experiments were fairly clear-cut
1 showing that under the stress of the operation necessary
for this type of experiment (similar to that of Vogt, 1943}
all the species examined secreted relatively enormous amounts
of 17-hydroxyecorticosterone, corticosterone, or & muxture
of the two. Some species secreted only corticosterone, the,
monkey secreted only 17-hydroxycorticosterone, but most
species secreted a mixture of the two compounds (Table I).

Table I
RaTio oF MAJOR STEROIDS IN THE ADRENAL EFFLUENT BLOOD OF VARIOUS
PECIES

Compound F | Maxtmum aecretion
Ratso —————] rates mg /kg j24 br |
Compound B ‘animal

Monkey . . >20 3555
Dog 6 30-60
Cat . . . 4-6 3585
Sheep . . 15-20

ox ) 1 (2-3 5)
Ferret . . : 15 1545
Rabbit . <0 05 1545
Rat . <0 05 8-24

The ratio of these two ecompounds in the adrenal eflluent
blood appeared ta be a characteristic of each species studied
and was never observed to change appreciably during con-
siderable changes in total secretion rate. This behavicl'lr
of the adrenal cortex, however, is probably limited, since in
a few experiments in which very large doses of ACTI were
administered in a very short time to cats, the adrenal (already
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much less reliable in this field due to the very variable purity
of different urine extracts, and the complexity of the chroma-
tograms obtained with urine extracts 1s considerably greater
than with those of adrenal venous blood. IHowever, certain
regular and dominant features are already apparent,

‘Table 111
StEROIs ToLaD 1n URINE  aB-t~satt RAtTFp KETOFs A\h Renraing
. SUBSTANCES
Immediate extrastion at pH 1 Glucuronudase kydrolyns
Principal Compound L. 12 50 ug | Compound B 4-12 pgr
« p-umsaturated | Compound F 8-30 gy | Compound T’ 240 pg

Amorplious A IT 212

tumal_amounts of
Amorphous A TIL 66 ug m

(mu
ALILT
Intermediate E/F 4100
23

ketones/24 r. | Amorphous A1 4-80 ,.,_.}

" Principat ‘The above compounds The above compounds
reducing ? alloPregnan-3 11 17-
~ubstantes trol11 20-dione

Urudentified
Small Five other af-unsaturated | Three other veducing
quantities ketones substances
of other
compounds

Eighteen 24-hour urme samples from different women
have been analysed m the following way. Equal fractions
have been: (a) extracted i diately after acidification to
PH 1 with HCl, (b) extracted after 24 hours at pH 1; (¢)
extracted after treatment with calf spleen glucuromdase. All
extracts were made with chloroform and the extracts washed
with 0-2 N-Na,CQ; and water before chromatography.

Examination by paper chromatography m the system
benzene: methanol: Water, 10 5.5 (v/v) at 87°C. showed that
four p were obtained n- the
glucuronidase-treated fractions which did not give a fluores- «
cence with NaOH. These were present in all eighteen

BIOASSAY 13
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from the left adrenal vein during operations for adrenalectomy
and analysed by paper chromatography of the ethyl acetate
extracts of this blood (Table II). In one case, a woman
suffering from Cushing’s disease with hirsutism and some .
degree of virilism, the adrenal blood contained 17-hydroxy-
corticosterone and corticosterone in a ratio of about 20:1
and about one part of a substance very similar to 11-hydroxy-
androst-4-ene-3:17-dione. In the other case, a woman
suffering from long-standing severe wirilism, with facial
hirsutism, hypertrophied elitouss, and no visible breasts, the
Table II
HuMAN ADneNan VENous Broop

Sterords and x‘w{rwnmm

Case Congition oun

3D (9 | Vinhsm for 20 years, Breast | Compound P 1
Undentified 1 1
U d 2

atrophy, no Obesity, hirsu-

tis)
chitons  Mahgnant adrenal

Compound F
Ak
Compound F 20
Compound B 1
Undentified 2 1

Cushing’s disease with hirsutism

Cuslung’s disease_and virihsm
(Brostet’s type IT)

picture was quite different. The adrenal venous blood from
this patient contained much more of the substance sumilar
to 11-hydroxyandrost-4-ene-3.17-dione than of 17-hydroxy-
corticosterone, and a small amount of an unidentified steroid
previously only found in urine,
Steroids in Urine A 3
Although there have been only & small number of complete
experiments carried out so far on urine, the results obtained
on urine from normal and pregnant women already suggest
some interesting differences in the steroids found in different
types of yrine extract {Busbh, de Courcy and Grgy, 1952; and
. unpublished observations). Quantitative estimations are
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Table IV
17-Hyproxy RONE 1N Broop
Case Condtion e ety g ot S
M. (9} | Pregnant s months 30 mt 134
ME. (2} 39 hr post-partum toxcenue
pregnancy 30 ml. T
E Y 7 weeks toxenue pregnancy | 80 ml 23
V.B. (9) | Cushinas syndrome, very
dubetic 25 ml 24
SB (R) | Metastases after removal of
adrenal tumour 1 year 30 ml 1%
L (2 | Re-admusion after removal
. of adrenal tumour 9 mths 30 ml 20
FB (3) | Cushmg's disease 50 ml 20
BC (9) Cushing s syndrome 30 ml 11
. (® | Cushings syndrome 335 ml 23

concentration of both 17-hydroxycorticosterone and cortico-
sterone was observed before delvery (27 pg./100 ml and
83 pg /100 ml). Twenty hours after delivery corticosterone
was not detectable m the peripheral blood (less than 8 ug /100
ml) and 17-hydroxycorticosterone was present 1 a con-
centration of 17 ug /100 ml.

Discussion

The results above are given manly to show some of the
applications of the method briefly outhined here and given
greater detail in another paper (Bush, 1952). The brological
sigmificance of the results on human urme and peripheral
blood will only become clear when more cases have been
studied. However, some 1dea of what to expect i the assay
of steroids 1n blood and urine has been gamed, and tins is
Iikely to be useful when considering the simplification of such
assays that is necessary for climeal work. For instance, 1t
seems likely that very different types of steroids are released
by enzymue and acid hydrolysis of urine and that nime
reducing steroids, five of which are also af-unsaturated

BIOASSAY 15
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patients and were considerably i 1 in the preg
women.

The extracts obtamned by extraction immediately after
acidification to pH 1 contained very small amounts of these
four reducing substances but regularly contained four
substanees giving stiong yellow fluorescence after NaOH
treatment, as well as reducing triphenyltetrazol chloride.
Two of these seem to be identical with 17-hydroxycortico-
sterone and 11-dehydro-17-hydroxycorticosterone and the
other two seem to be 1dentical with two of the compounds
more polar than 17-hydroxycorticosterone found in adrenal
gland extracts. These four compounds were also found in
the glucuronidase-treated fractions 1n large amounts in cases
of pregnancy or digbetic pregnancy, but in samples from
normal women only 17-hydroxycorticosterone and 11-dehydro-
17-hydroxycorticosterone were present n  appreciable
amounts in these fractiops. A fifth substance giving a strong
yellow fluorescence after NaOH tregtment, mtermediate in
polarity between 17-hydroxycorticosterone and 11-dehydro-
17-hydroxycorticosterone, occurred in large amounts in the
glucuronidase fractions of all 18 patients.

At least five other presumed of-unsaturated 8-ketosteroids
were detectable m some of the urmes from pregnant yomen.

The extracts prepared by chloroform extraction ‘after
standing at pH 1 for 24 hours only contamed small amounts
of af-unsaturated 3-ketosteroids and no detectable reducing
substances in most cases.

Human Peripheral Blood

The results obtained on a variety of substances are given
in Table IV. Most of them were cases of Cushing’s disease
and some of them cases of normal or toxemic pregnancy. No
values have been obtamed for normal humans as yet. .

In all cases L7-hydroxycorticosterone was detectable in
25-80 ml, samples of blood, and concentrations as high as
23 pg./100 ml. blood were observed. In one case of toxzmia
of pregnancy, not recorded 1 the table, 5 remarkably high
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For instance, isomers differing only by small changes of
orientation in the molecule are not readily separable by
partition chromatography, and other possible confusions
(Hanes and Isherwood, 1939, Campbell and Work, 1952)
must be continuously guarded aganst by using as many
cross-checks of identity and homogeneity as possible. Never-
theless, the metliods outhned above have proved to be both
versatile and useful 1n investigating various aspeets of adrenal
cortical secretion and can probably be successfully extended
to other problems involving the assay of steroids body
fluids and tissues
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' DISCUSSION
Nerson P’d like to describe briefly the method that we've used for
17-hydroxycorticosteroids  We have changed our method quite a bit
smce we corresponded with Dr. Bush Very simply, 1t consists of ex-

these cases we h dence for d which apparenty 15 nerther

F nor B, and which we are now mves(l"atm" Thx; 'was in a case which
had an adrenal tumour at operation,
Busx How does the polanty of this compound compare with Fand B?
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3-ketosteroids, make up the bulk of the reducing steroids in
urine obtained by these methods of extraction. '

The results on peripheral blood are in good agreement with
the results of Nelson and Samuels (1952) using a different
method of estimation. They also suggest by diveet experi-
ment that, at any rate i conditions of increased adrenal
cortical activity, 17-hydroxycorticosterone is the principal
steroid present in the eirculating blood, and that the concen-
tration of thus substance in pregnant women can be as great
as those found m cases of moderately severe Cushing’s disease.

The general method of chromatography described here is
based on the solvent system originally used by Butt, Morris
and Morns {1949) on Kieselguhr columns for the estimation
of progesterone. The use of an elevated operating tempera-
ture 1s not essential (Henly, personal communieation) with
most of the solvent systems used but preatly increases the
speed and qualty of the results obtained. By varying the
proportions of the solvents used almost any type of steroid
as polar or more polar than progesterone can be handled.
Unlike Zaffaroni’s method (Zaffaron, Burton and Keutmann,
1950), no previous treatment of the paper is needed, definite
Ry values can be obtained, and useful chromatograms
obtained in a total of five hours equilibration and running.

The major disadvantage of this method at present is that
steroids other than the ef-unsaturated 3-ketones cannat be
detected 1 amounts of less than 5 pg. by any colour reaction
yet described. The possibilty that steroids lacking this
grouping are bemng overlooked when using the NaOII fiuores-
cence test is unfortunate. It 1s very probable for instance
that the “salt-active” substance found in adrenal extracts
by Tait, Simpson and Grundy (1952) does not contain this
grouping, and the search for this and other compounds mHS.t
alnays involve biologieal as well as chemical assay ur}tll
sufficient evidence has been ot 1 to enable simphification
of the assay method, 5

As with other assay methods, the hmitations of this and
e g3 sl o e e corione in some respeets.
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Bavuss Dr. Bush, when you were extracting urine, what did you
get out at neutral pH as compared to the ones you acidified at pH 1 and
extracted with chloroform?

Busu: This work on the effect of hydrolysts on urne was done m
conjunetion with Professor Gray and Miss dé Courcy  Generally, when
urine was extracted at neutral pIl and then acidified and extracted
mmediately, and again after 24 hours, we found that almost all the
af-unsaturated Letonie steroids were found in the neutral fraction.
Exceptions to this were urines contatmng large amounts of sterowds
and urines from some pregnzmt women

" Bavuss: Your enzyme 1sn't wactivated by the orgame solvent left
in the urine?

pe Courcy We remove the chlaroform by bubbhag mtrogen through
the unne.
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NrELsoN It’s between F and B.

Brsn A woman with vinlism whom we studied also had that com-
pound, m very small amounts.

Nrison: I would like to emphasize that we are somewhat hesitant to
tahe a Tun on the paper chromatogram and accept similarity of polarity
as absolute evidence that we have a particular compound I thunk we
is’hu‘uld all be very hesitant to say that a compound 1s F or I3, just on this

Asis.

Busix: Of course. At 1ts worst a sceptical ehernist wall deseribe chroma~
tography as smudges on blotting paper, and won't accept such results
assufficient for purposes of 1dentification The Compound I* found in dog
adrenal venous blood, however, has been exhaustively checked by &
sariety of different methods. We have shown that the acetate flows at
the same rate as that of Compound F and that the compound reduces
tripheny ltetrazolium chloride, you can do this last test simultancously
with the caustic soda test. We have also shown that the oudation

carbazone of the compound in adrenal venous blood 1s also chromato-
graphically identical wath that of pure Compound F.

‘T'is complete cheek has been done only on the dog, but on every chro-

h d L are detected with triphenyltetra-

zolium, then the paper if dried off, and of-unsaturated 3-hetones
detected by the NaOH fluorescence test. So we have in fact got good
evidence 1n every cases (1) that the polanty of the two substances 1s
very siular; (2) that they re reducing substanees, (8) that they’re af-un-
saturated hetones with at least two rings I think that 1t's unhikely that
any other substances would interfere i that battery of tests

5 .

of the other compounds
Copr There 1s another possibility. One pught be ‘ccl‘lectg\g other
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A preliminary series of 20 speci was d by this
metlmd and results compared with those obtamed by the
colorimetric method of Wick ¢t al, (1951). The colormetric
results were generally Ingher than the polarographic results
but the correlation was good, except for two very high results
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Untreated Treated Untreated Jreated s
ADDISON'S SIMMOND § H NORMALS CUSHING S
DISEASE | DISEASE SYNDROME
Fi6. 1. The plasma 3-ketosteroid level m nemml mdividuals
. and i patients with Addison’s disease, Sunmonds® disease and
Cushing’s syndrome

by the eolorimetric method, When these were repeated they
agreed with the polarographic results.

The values for 3-K.S. i normal subjects ranged from
147-4+0 pg.fml. plasma (Fig 1). Repeated determinations
in five patients showed no significant diurnal variation, The
values in a small sertes of untreated patients with Addison’s
and Simmonds’ disease ranged {rom 0-7-1-5 pg./ml. plasma,
while in treated patients they ranged from 0-7-3-0 pg./ml
.In Cushing’s syndrome values of 4 D-11-0 pg./ml. plasma
‘were obtained.



DETERMINATION OF 3-KETOSTEROIDS AS A
MEASURE OF ADRENAL CORTEX FUNCTION

. R BUPT and A. C. CROOKE

SEVERAL methods have been described for the determina-
tion of corticoids n blood. Many are tedious, lack sensitivity
and specificity, and arc unswitable as routme clinical tests
of adrenal function, Wick, Hillyard and Mackay (1951)
deseribed a method for the determination of reducing steroids
1 blood, ** . A S
has repor
bioassay « i )
and Boyle, 1850) and the chemical detctmination of 17-
hydroxycorticosteroids {Nelson, Samuels, Willardson and
Tyler, 1951) appear to be better methods, -~

We have attempted to measure adrenal function by the
ypolarographic determination of a-unsaturated 8-ketosteroids
(3-K.8.} m blood. This group of steroids includes all the
known physwologically active corticostervids, and the only
steroids of this group so far 1solated from blood lhave been
corticosteronds. Blood levels of the 3-K.S. progesterone and
testosterone have previously been shown to be so low that
they are not usually detectable by our method (Butt, Morris,
Morrs and Wilkams, 1951).
Method and Results

The method used has been described previously (Butt and
Crooke, 1952). Plasma from 20 ml. whole blood was extracted
by the method of Wiek ef al, (1951), followed by a micr?-
Girard separation of ketonic material. The polarographic
determination was done on the Girard hydrazone, using
deokycorticosterone as a standard. The whole procedure
ean be conveniently completed in about 6 hours.

218
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would seem to indicate that the latter are not the only ar-
culating cortical steroids produced by ACTH.

We are now investigating the bound 8-K.S. n blood. We
already have evidence that some free 8-K.S of adrenal ongin
may not be measured by our method. Many extraction
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Fio 2 The plasma 3-ketosteroid level at varymg mtervals
of time after the ntravenaus injection of ACTH nt6 a normal
mdividuat and 1nto & patient with Simmonds’ disease

procedures, including our own, contamn a petroleum ether
washing and this 1s usually discarded. It contains 2 fraction,
however, which appears to be important One patient who
was gven 25 1u. ACTH intravenously showed no mse in
3-K.S. level, but when the petroleum ether soluble fraction
was measured 1t was found that the 3-K.S. 1ose strikingly
after 1 hour. They were maintained at o high level until 2
hours and returned to normal at 4 hours aftex, injection.
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One patient with Cushing’s syndrome was studied during
surgical treatment. Her plasma 3-K.§. levels were 11-0
pg./ml. and 10-0 ug./ml. on two oceasions before operation,
Twelve days after left partial adrenalectomy the level had
fallen to 8-0 pg./ml. and three months after this it was 6-5
pg.ml.  After right adrenalectomy the value felf to 1-0
pg.jml, when she developed symptoms of acute adrenal
insufficiency duc to prematurc withdrawal of cortisone.
Ultimately, after a further course of treatment with cortisone
the 8-J.5. rose to the normal range and reflected the improve-
ment 1 her clinical condition.  She 1s now well three months
after, the sccond operation and without added salt or cortisone.
It is particularly mteresting that before surgery this woman
exereted normal amounts of 17-I.S. and corticoids, which
shows that the plasma 8-K S. level was a much more accurate
measure of cortical activity .

The effect of ACTH on 3-K.S. levels was inveshigated
several patients. In one patient with normal adrenal fune-
tion, 12 1.u. ACTH given intravenously produced a small nise
after 30 mmutes. In a second patient with normal adrenal
function, a dose of 15 1u. mtravenously caused a significant
nse of 2 3-6 0 pg./ml. after 30 minutes. The value remained
at 40 pg./ml untif 2 hours and had fallen to 3.0 pg./ml
4 hours after the injection. A dose of 12 Lu. given ntra~
venously to a patient with Stmmonds’ disease (caused by a
chromophobe adenoma of the pituitary) produced a sigmficant
tise (3:0-1 6 pg./ml.) 2 hours after the injection (Fig. 2).

Discussion

The values for normal people which have been obtained
by our method are considerably higher than those of Nelson
¢t al. (1951), measunng 17-hydroxycorticosteroids, but. they
are considerably lower than the glycogenic steroids estimated
biologieally in dogs by Paschkis et {z[..(]‘.);':()). Tt 15 interesting,
however, that ACTH causes as striking changes, rclativel_v,' m
the 8-K.S. levels as in the 17-hydroxyeorticosteroids, which
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Bus:
gram?

Burr: No, they would not.

C. J. 0. R _Mornis. There 1s one point I might add. We have tried
Compounds T, E and §, and no 17-hydroxy-20-Letosteroid appears to
give a 20-hetosteroid nave.

Burr: Do you think that’s due to stenie undrance?

€. J. 0. R Morrrs: I think 1t’s rather more than that. Ithunk they're
structurally different substances. That 1s shown quite strikingly by
imfra-red absorption. The 17-hydrosy group plso modifies the infra-red
absorption of the 20-keto group.

AsTnoOD. Are these extracts pure enough so that you can determine
an ag-unsaturated 3-ketone by simple ultraviolet absorption?

Would saturated 3-ketosteroids give you that kund of polaro-

240 my ) : ‘
Dusit I think the trouble with ultraviolet absorption of crade ex-

instrument

Nersox: I might say that when we omginally started our work on
blood we were cnefly interested n investigating adrenal venous blood
1 the dog At that time we didn’t have a very sensitrve colour reaction
50 we made our measurements according to the ultraviolet spectrum,
as obtamed from chromatographed fractions_of the materal and we
felt that we could do quite a nice Job with quantities of 1 g. per ml.
of blood _ Certamly with 2 g per ml of blood we could accurately
measure either ¥y or ¥ yeorticos-
terone added to blood However, when we tried to app]y these methods
to penipheral blood we could not find measurable quantities, and there-
fore had to Jook for something a little more sensitive.

C.J O R Morris I tlunk it would be very interesting to take
fractions prepared 1n this way and run them on chromatograms rather
as Bush has desenibed
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In conclusion, our procedure, which is relatively rapd,
appears to give a more rehable reflection of the clmeal
picture than urinary assays,
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DISGUSSION
NELSON: Our experience with Cushing’s disease coming to operation
15 very sinular to that of Mr. Butt, e have three cases who before
operation had very lagh values, estimated by our method, and who had
very significant decreases i these values when most of one adrenal gland
was removed. In the one case who had a tumour the values were mach
higher than those in the other two eases, byt unfortunately we did not

e adienat,
Gapowar About how much ligher are your results? Ten times?
Nersov. 1 believe you said 1-4 upr. per ml plasma, Our values are

about 520 per 100 ml So that's about 20 times. .
CrooxE: 1 wonder if Dr. Morris has anything to say about the speei-

P-r Sl e
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hormone 1 the body  And for that purpose the test has to be sensitive
—1 tlunk that’s the most important thing—and simple and specific and
statistreally sound, and a lot of other things that don’t begm with “S,”
which were enumerated by Dr, Segaloff.

We have heard about a lot of new tests and 1t’s interesting to con-
sider haw they stand up to these cniteria. We heard of three newish
methods of estimatmg thyrotrophm, all of which sounded nteresting
and promusing  We <aw a picture of a eluck Which looked much more
collaborative than you might have expected. It's difficult to know
which of those metliods 15 the best, and I suppose that time will <how
I don’t think that I'm convinced that any of them 1s really sensitrve
enough to apply to patients and to estrmate thyrotroplun w blood and
urme  We've heard nothing of the very sensitive method which has
o. Ithink it may be that we will be driven

which were new to me and which I find difficult to fit into my hnowledge
of the subject The tests arc certamly sensitive enough to detect
gonadotrophins n patients, but they’re not specific enough. We hnow
that there are several genadotrophins, and 1t’s rather difficult to know
which of them we’re after

Perhaps prolactin 1s a gonadotrophin and perhaps 1t 1sn't. We heard
some interesting facts about the prolactin effect of urme, and I hope
that they will provide the basis of a way of studying the fate of prolactia
m patients



CHAIRMAN’S CLOSING REMARKS
J. 1T GADDUM

I reeL that we're on the fringe of an undiscovered country and that
we're still examinming our equipment and wondering whether it's going
to do what we wantat to do. \What we want of our equipment depends
very much on what we’re going to use it for,

One unportant thing that people want to do is to fractionate hormones,
The methods of assay wiieh we use for that don't need to have any of
the properties enumerated by Dr Segaloll at all, except that t'hgy

tion at ali; T don't thank that the people who 1solated the cestrogens
knew how to do a hioassay. but it dida’t matter,

The people who fractionate hormones have been only too suceessful
1 used to think that there were only s1< i the antenior pitmitary, and
I've been sather disturbed by vanous things that I've he::rd At this

. 1 LR QUL W nappreL LU bt
assay to samples of blood and urine, 10 nau WHAL % Bappuiing
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patient 1s insensitive tot.

The tests are all rather ¢laborate, and I wonder what it will be hke
1f we meet agaun five years hence and discuss the same subject, Isuspect
that only those of us who are chemists will be here at all, and they'll be
incubatmyg tissue slices and tissue mushes of varous kinds, and ‘then

s Yo eliminate the whole animal and replace 1t by something simpler and
more constant in 1ts responses
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