


CIBA FOUNDATION COLLOQUIA
ON ENDOCRINOLOGY

Vol 13 Humsan Pitwitary Hormones



o teaflet giang fuller detmris of avarlable carlier columes

wnthis senes and also the Ciba Foundation General Sympona

Colloquia on Ageing and Study Croups 13 cralable from
the Publishers



CIBA FOUNDATION COLLOQUIA
ON ENDOCRINOLOGY

VOLUME 13
Human Pituitary Hormones

In honour of
PROFESSOR B A HOUSSAY, For mem RS

Editors for the Ciba Foundation

G E W WOLSTENHOLME,
OQBE MA. MB,MRCP
and

CECILIA M O’CONNOR, BSe

Witk 86 Mustrations

LONDON
J & A CHURCHILL Lm
104 GLOUCESTER PLACE, W1
1960



Ars RionTs RFYERVED

This book is protected under the Berné ¢ Conrention

Il may ‘not be veprodu uced by any ™ means 1 uhnu

n pari 1 wathout ymnlmn 4 phmmm

ngmd to vrpwdudmn hould be :Jduutd
Publishers

it
to the

©I3 & crvrenint K10 1060



Tae Ciba Foundation a umque :nternational institution
owes 1ts 1nception to the generosity of CIBA Limited Basle
However being estabhished under Bntish trust law 1t enjoys
complete independence 1n practice and policy

Under the gwd of 1its dist hed Trustees the
Foundation offers dation to screntists from all over
the world at 1ts home 1n Portland Place Foremost m 1ts act:
wities 35 the org 10n of small eonf the pr

g
of which are published n book form n the manner of the
present volume The Foundation convenes many other -
formsl discussions between research workers of different dis
ciphnes and different nationalities and each year wmvites an
outstandmg authonty to dehvera special lecture An exchange
programme between French and British postgraduates 1s con
ducted and a Dibrary service 1s available Furthermore, the
Ciba Foundation attempts 1n every other way possible to aid
scientists whether they be Nobel Laureates or young grad
uates making their first orginal contmbution to research

The purpose of the Ciba Foundation which 1s to promote
mternational co operation mn medical and chemmeal research
15 symbohzed m the armoral bearmgs by five interlaced rings
representing the continents a black sacrificial cock (emblem
of Aesculapus) holding a medical caduceus and three regular
hexagons for chemustry Its donuerle m London 1sindicated by
the red sword of St Paul and the British ion the wyvern
and the crozier symbols associated with Basle refer to the
sponsoring firm located mn this ancient Swiss town
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PREFACE

It was a suggestion by the late Professor Braun Menendez
which led to the orgamzation by the Ciba Foundation of a
colloqmum m Buenos Aires immediately before the 21st Inter
national Congress of Physiologieal Sciences During ats pre
paration, an awr erash caused the tragic death of Professor
Braun Menendez, a scientist a colleague and a friend whose
memory all will cherish with respect and affection

Professor B A Houssay whom the Ciba Foundation was
privileged to honour by holding mn his name this colloguium
on Human Pitwitary Hormones a subject owing so much to
his own ongmal and classical work generously spared time
from the multitude of s responsibilities for the major
Congress to obtam important governmental and local decisions
which enabled the Foundation despite many difficulttes to
arrange 1ts meeting

Dedicated and untining assistance was grven m Buenos
Arres by Dr M R Malinow and much help also bv Dr E
Montuor 1n finding the path—there seemed to be no correct
way—through the intricate maze of amrline prices and reserva
tions  The colloquum was held i the City Hotel whose
manager Mr R Papermk co operated most readily with
Dr Mahnow m meeting the detaled requirements of the
Foundation

The Foundation s own team for this distant occasion con
sisted of the Director with s Scientific Assistant Cecithia
O Connor and s Conference Assistant Nancy Spufford
They recerved essential advice and encouragement 1n all the
planning the Journeys and the technical and. social aspects
of the colloquium from a Member of the Executive Council
Professor F G Young In addition Professor Youngs
Chasrmanship was & major factor m establishing the matunity
and excitement of the scientific proceedings
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PREFACGE

It was a suggestion by the late Professor Braun Menendez
which led to the orgamzation by the Ciba Foundation of a
colloquium 1 Buenos Aires immediately before the 21st Inter
national Congress of Physiological Sciences During 1its pre
paration an arr crash caused the tragic death of Professor
Braun M dez a tist & colleague and a friend whose
memory all will cherish with respect and affection

Professor B A Houssay whom the Ciba Foundation was
prvileged to honour by holdmg m his name this colloquium
on Human Pitmitary Hormones a subject owing so much to
his own ongmnal and classical work generously spared time
from the multitude of his responstbihties for the major
Congress to obtatn important governmental and lacal decisions
which enabled the Foundation despite many difficulties to
arrange 1ts meeting

Dedicated and untimng assistance was given i Buenos
Aires by Dr M R Malimow and much help also by Dr E
Montuon m finding the path—there seemed to be no correct
way~through the intricate maze of airline prices and reserva
tions The colloquium was held m the City Hotel whose
manager Mr R Papermk co operated most readily with
Dr Mshnow mn meeting the detailed requrements of the
Foundation

The Foundation s own team for this distant occasion con
sisted of the Director with his Scientific Assistant Ceciha
O Connor and lus Conference Assistant Nancy Spufford
They recewved essential advice and encouragement i all the
planning the Journeys and the techmical and social aspects
of the colloquium from = Member of the Executive Council
Professor F G Young In addition Professor Youngs
Chairmanship was & major factor 1n establishing the matunty

nd excitement of the scientific proceedings
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v PREFACE

The papers, and the discussions they aroused are here
reproduced The editors hope that these contributions from
worhers 1n eleven countries, assembled in the Argentine by a
Brtish Trust of Swiss ongin, will provohe interest and stimu
late further research m many parts of the world
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CHAIRMAN’S OPENING REMARKS
F G Youne

Iris with great pleasure and indeed, with pride that I take
the charr at a Ciba Foundation Colloquum held mn honour
of Prof Houssay in this great capital aity of Argentina
Perhaps the only claim that I have for appomntment to this
position 1s that T am a member of the Executive Council of the
Foundation Furthermore I believe that I have known Prof
Houssay and admired huis work as long as or possibly longer
than anybody m ths room apart from those who Ive m
Argentima Nobodv will disagree with me when I say that
Prof Houssay 1s one of the most distmguished eitizens that
Argentina has ever had and that he 13 the most outstanding
scientist 1n South America Not only has he been responsible
for much important ongmnal research about which I shall
speak a Little later but also he has been a rock standing firm
1n a sea, of political trouble The tide comes the tide recedes
but the rock stands as1t always did  It1s with special pleasure
that we all meet here today to honour one who has withstood
so much and who has survived wmith dignity and ealm

In 1950 T had the most mteresting experience of lecturing
in a number of countrzes in this vast subcontinent of South
America  Although I knew before how internationally dis
tmguished Prof Houssay was I had not realized until then
how, 1 all of South Amenica he had also become a symbol of
mdependent science In every country which I visited he
was I found a scientific and a personal mspiration His
activities have meant much more to the world than has been
provided by the facts that his researches have elucidated
vitally important though these facts have been

The poet Shakespeare who 1s known 1n this country as well
as he 15 known 1n other parts of the world wrote ‘The toad
EUNAN PIROITARY—1 1



2 F G Youxne

ugly and venomous, wears yet a precious Jewel m s head
That Shakespeare had the pitwitarv gland in mnd when re
ferring to the jewel m the head of the toad 1s unlikely but
Prof Houssay’s researches clearly established what a valuable
jewel the hypophysis of the toad really 1s, and how important
1t 1s to have an experimental ammal 1n which the different
parts of the pitwtary body can be separately removed with
relatively hittle iterference to the rest of the gland The
Jewel i the head of the toad has turned out to be a very
valuable prize mdeed

It 1s perhaps rather surprsing now to recall that in the
early mineteen twenties the metabolic 1mportance of the
pituitary gland as a whole was generally ascribed to the poster
10t portion, the anterior lobe being considered by many as of
much less sigmificance I believe I am mght in saying that it
was the mnvestigations of Prof Houssay and Dr Dera Potich
with the toad mn the late nineteen twenties that first revealed
the important metabolie effects of removal of the pars glandu
lanis of the anterior pitwitary gland especially on carbohy drate
metabolism and experimental diabetes One disadvantage of
the toad 15 that 1t wears 1its * antenior * pitwitary lobe mn 2
posterior position so that 1t 1s not correct to call the pars
glandulans of its pitwitary gland ‘the anterior lobe  In the
hands of Prof Houssay and lus colleagues the toad proved to
be an 1y useful exp: tal ammal and paved the
way for the d ration n ls—the dog was impor
tant in the later investigations—of what came to be known as
the Houssay phenomenon , the alleviation of experimental
diabetes by removal of the pituitary gland or of its antenor
portion alone Subsequently Houssay and Biasotti as a
corollary of the earlier findings showed that an extract of the
anterior pituitary lobes of oxen exerted a diabetes inducing
effect 1n partally depancreatized dogs This was in the early
nineteen thirties 1 personally recall the scepticism with
which the deseription of the Houssay phenomenon and of the
diabetes indueing activity of anterior pituitary extracts was
grected at that time n some apparently suthomtative
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quarters A distingmshed physiologist long since dead told
me at that time that he thought these results must be wrong
because the evidence from other laboratories showed that the
posterior lobe of the pituitary was of predominant importance
1n the control of metabolhe processes Nevertheless T was
able myself to show that if one exactly repeated Prof Hous
say s preparation of an extract of fresh ox anteror tissue
admimistering this extract to a normal mntact dog however
one could demonstrate a clear diabetes inducing effect of this
materal

It would be dangerous to say of any sctentist that nothing
that he has published has ever been contradicted but I ean
say of Prof Houssay that nothing that I know about which
he has pubhshed has ever turned out to be wrong People
have fatled sometimes to obtan the same results but in my
expenence therr falure has usually been attnbutable to the
fact that those attempting to repeat the experiments did not
use precisely stmilar conditions

There 1s no doubt that Prof Houssay 1s one of the few

ponsible for the of the importance that we now
ascnbe to the antertor pituitary gland Others whose names
come to mund n this connexion are Drs Philip E Smith
Herbert M Evans J B Collip and Hans Selye More recently
the investigations of others meluding 1n particular those of
Dr ¢ H Li—comung as he does from the same laboratory as
Philip Smuth and Herbert Evans—hase placed the 1dentity
and chemistry of certain anterior prtwtary hormones on a firm
basis

In reviewing the nature and mechamsm of action of hor
mones I recently pomnted out that somewhat confusingly we
are now less certamn of the precise :dentity of some hormenes
than we were say ten years ago I raised the question of
whether the substance that we ought to call a hormone 1s that
which 1s present i the endocrine gland 1tself or 1n the blood
flowing from the endocrine gland, or 15 1t the substance which
may be formed by metabolic changes in the blood stream or
in non target organs from the material onginally Iiberated by
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the secretory tissues? Or 1s 1t whatever may ultimately
appear as the result of metabolic changes 1n the tissues on
which the hormone acts and which may itself be capable of
evohing a biologieal response m the target tissues wluch the
chemical substance i the endocrine gland or mn the blood
would not be capable of producing? Discusston of these
questions appears to me not to be very useful at the present
time, although the relevant experimental facts are, of course,
of great importance When we come to discuss anteror
pituitary growth hormone during this colloquium we shall
surely find that this hormone provides an example of some of
these complications Moreover, 1t seems possible that many
hormones and the pituitary hormones 1n particular, are not
the specific substances that we once thought they were and
that a substantial overlap of properties may exist between
different harmones and their relations Perhaps also no
single target organ exists for many or all of them Indeed
some of the ngid 1deas of the past appear to be in need of
modtfication Ve shall no doubt have further information on
these points at the end of the present colloquium

There are five mamn stages 1n the development of expert
mental research concerning the endoerine activity of any
particular organ or tissue  Chnical observations and invest
gations often plav a part in the earlv stages and sometimes
mn the later ones but the five experimentsl stages which I
distinguish are as follows (1) the results of removimng the
endocrine organ or of damaging the secretory tissue 1
swuitable experimental amimals are first described (u) crude
extracts of the organ or of the tissue are then prepared and
attempts are made by admunistration of these crude extracts
to alleviate the symptoms which develop in the animal m
which the organ or tissue 1s missing or damaged (1) chemieal
1solation of active matenial 1s then effectcd and the chemical
structure of the active prinaple or prineiples 1s clueidated
(1v) the active substance or substances are produced 1n the
laboratory by artificial means and the influence on Inolomeal
activity of variations in chemieal structure 15 assessed (v) the
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mechamsm of action of the substance or substances 1s then
mvestigated and 1n these researches the actvity of meta
bolites and of chemcal relations of the naturally occurring
substances which may or may not naturally exast may be of
particular importance Investigation of the mechanism of
action of & hormone may run concurrently with all the four
other phases but the results are most ikely to be meaningful
when pure preferably chemically synthetic preparations of
the actrve hormones are available This 1s albo true with
respect to evidence that multiple activifies may be ascribable
to one hormone or that hormones may share actrvities in
common It 1s reasonable to say that with respect to anterior
prtuitary hormones we are mn stages () (1v) and (v) although
we can still argue quite strongly about stage (1n)—the chemical
1solation of the pure substance and its chemrcal structure—
with respect to some of these hormones at the present time

The production of peptide hormones 1n the laboratory by
artificial means is o 1ts infancy  But the wnfant 1s a lusty one
and 1s crowing loudly at the present time  As a blochermst X
am dehighted that some 1t least of the discussions during
this colloquium ean be 1 terms of known chemtcal structures
and moreover 1n some instances about chemical structures
that cn erther be reached by synthesis already or will almost
certamly be synthesized i the not far dist int fature On the
other hand the mechamsm of action of antenor pitwitary
hormones 15 stifl a matter of eonsiderable doubt and discus
sion I do not think that this 1s & subject on wiuch there will
be wide agreement durimg the present meeting

One strikmg point that has emerged from studies on peptide
hormones 1 recent years 15 the existence n some nstances
of ¢l h 1 difF L: prepared
from different species of ammal In s bnlhant work on the
structure of msuln Sanger clearly demonstrated that dif
ferences exist in the structure of msuln from different
species of ammal although these differences were of a rela
tively muinor character and associated wath the same small
portion of the A chain of the msulin molecule Recent evidence
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suggests that some hormones of the antenor pituitary gland
exhibit much igger species differences than have so far
been found for msuhn  The growth hormone of the human
pitwtary gland deffers very strihingly m chemmeal properties
and structure from that of the ox pituitary pland Tlus1s a
matter that will no deubt come up for consideration durmg
this meeeting  Adsvantages may result from these spectes if
ferences smee one is sometimes sble to produce antisert to
certain hormones which 1s of great value for investigation and
nssay of the antigemic hormone Thas 15 an ymportant de
velopment which we shall hear discussed during the present
mesting

Another stnling fact which has arsen m the cowse of
recent iny estigations of the chemistry of pitwitary hormones
15 the exstence of a close chemical relationship between the

1 yte stimultting of the pars intermedia snd
corticotropin  This 1s another subject that will be conmdered
m the cotrse of our distussions, and I shall therefore 54y no
more about the work of C ¥ L1 J X Harns snd A Lernerin
this connevion eveept to enquire perhaps, whether we might
ressonably hope that some aimular identittes of sequences
may exist between other prtudtary hormones Certunly the

bility that some bwlding blochs may exist from

which c’m be fashroned anteror mtwitary hormoncs of dxf
ferent sorts according to difls needs 15 & fi £

Speaes differences 1 anterior pitwitary hormones ms\y wcli
account for the apparent lach of activity of the hormone from
one species 1 anpother m certan mstances The laeh of
growth stimulating action of ox growth hormore in the human
bemng has been s myshifying and, indeed, a depressmg fact,
untii relatively recently  But the chenmcal differences now
known to cst betw ecn the ox and the human hormones may
well nccount for the facts as we hnow them at present The
effect of hwman growth hormone m human bangs will be o
matter for frntful discussion dunng our colloquium

When Prof Xoussay and lus colleagues were earrying out
thesr careful investigations on the hormonal effects of removal
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of the various parts of the toad prtwitary gland in the mne
teen twentres, an argumentative critie might have ashed what
possible value could this have for human medicine  The fact
that the removal of the prtwitary gland 1s now practised as a
therapeutic procedure I certamn severe comphetions of dia
betes would 1 1self be a complete and sufficient answer to
that hypothetical question of more than thirty years ago
But if further vindication 1s needed 1t 1s seen implicitly in the
fact that we are meeting here 1n Argentina mn honour of Prof
Houssay to discuss the hormones of the human pitwitary gland
and their derable clinieal sig

Although man has not evolved biologically from the toad
the colloquum that we begin today has clearly descended
from Bufo arenarum which Prof Houssay and his colleagues
employed so shilfully 1n the early days Some of you may
have noticed that recently the Ciba Foundation has acqured
a coat of arms Appropriately the College of Heralds n
London agreed that this coat of arms which now appears on
the Foundation s notepaper should mclude for the first tume
three benzene rings Benzene rings were certamly never
thought of 1n early heraldry If Prof Houssay were to acquire
@ coat of arms surely it ought to mclude the parts of the
pitwitary gland gules with hypophysectomtzed toads as
supporters

We all agree these days that international co operation 1s
of vital importance to the future of the world We have here
today a delightful example of international understanding
The Cib: Foundation for the Promotion of International
Co operation 1n Medical and Chemical Research w1s founded
and 1s financed by a Swiss Company The Foundation has
Bntish trustees and & House in London It has arranged a
conference 1n Argentina in honour of Prof Houssay attended
by members of eleven different nations and the language of
this conference i Argentina 15 Enghsh

St bten el 1dioma ohieral de la conferencia es el inglés es m
propésito dectr en forma comprensible algunas palabras en
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espafiol  Professor Houssay, me es grato testimomarle nue
stro agradecimiento por facihtar el motivo de nuestra visita s
la Argentina  Apreciamos sinceramente tener la oportunidad
de reuninos con Usted y con sus colegas en su propmo
pais y esperamos que Usted por su parte, encuentre sufictente
mente iteresante las diseusianes del eoloquio que se celebra
en su honor



THE RADIOLOGICAL ANATOMY OF THE
HUMAN PITUITARY

G F JortaN axp Russern FRASER
Department of Vediene Posigraduate Medical School of London

CriNicAL and test evnidence of pitntary hypofunction s
always a httle suspect without evidence of a cause this may
be provided by a past history of postpartum haemorrhage but
otherwise 1t 1s most often provided by signs of a tumour 1€
by radiological signs of enlargement of the sella turcica and
similarly the clmical and test evidence of hyperpituitansm 1s
very much more firmly based when there 1s radiological ev1
dence of a tumour But again we cannot dismiss a chmeal
diagnosis of acromegsly without this support Cushings
syndrome without evidence of an adrenal tumour may aiso
have 1ts ongin 1n a prtwitary tumour, but even less frequently
do we have radiological evidence to support this dragnosis
Thus for many years one of the important diagnostic signs
of pitwitary disease has been the radiological demonstration
of enlargement of the sella turcica Clearly this does not itself
provide evidence of disordered pitustary function but as
many of the tests of pitwitary function are mdirect 1t 1s
always very important to supplement them by ewvidence of a
disease process m the pitmitary regron Indeed gross enlarge
ment and distortion of the piturtary fossa is sometimes an
unexpected finding—metastatic tumours may cause enlarge
ment often without any obvious symptoms or signs of pitm
tary dysfunction At other times patients being X rayed for
suspected cerebral disease may be found to have an enlarged
sella turcica and more careful exammation and testmg may
then reveal hypopitwitarism as an ymportint factor mn the
patient s syndrome

How 15 the radiol m his

?

of the
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limats of the range of the normal pitwitary fossa dimensions?
Gross enlargement 15 easily recognizable not only from the
size of the sefla, but also from 1ts expansion into an unusual
shape—most characteristically an expansion downwards and
outwards into the spheneoidal sinus, considerable enlargement
may slso nvolve displacement of the clinoid processes and
dorsum sellac  Another useful sign 15 the appearance of tvo
floors which provided they are not due to an untrueness of the
lateral projection sigmify unequal expansion of one side of the
sella A tomogram can chinch this mterpretation and so the
evidence of a tumour Less gross enlargement can usually be
recogmzed not only by the size of the shadow of the sella
turcica but usually also by some distortion of the floor due
to its displacement downwards wto the sphenaidal smus At
times the assessment of the sella turciea s size can throw some
mteresting light on the basis of a patient’s syndrome, as
llustrated by case J V (Joplin, Fraser and Harnson 1960}
who presented as an apparently typical instance of exoph
thalmic ophthalmoplegia (ophthalmic Graves' disease or
severe exophthalmos without thyrotoxicosisj Here we havea
sella which both by the enitena of lateral area, and of floor
displacement down towards the sphenowdal sinus, must be
classed as enlarged and so implying a tumour Does this case
not offer ymportant supporting evidence of the prtwtary
ongin of this condition whether 1t be due to an excess produc
tion of exophthalmos producing substance of thyrotropin or
of 2 combination of the latter with adrenocorticotropin? But
when the sella turcica does not show any such distortion in its
shape, ean we rely on an assessment of its area n the lateral
vien® In measuring the area of this lateral projection where
should the upper it be placed? And further if the radio
Jogist could measure the sella width mmght not this be an
smportant associnted measurement? The measurements to be
reported here offer some answers to these questions

Our specinl interest i the radiologienl snatomy of the
prtuttary really arose when we beeame nv olved 1n pitwitary
ablation by needle implantation of racdioactive sceds into the
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sella in cases of metastatic caremoma (Fig 1) Rasmussen
Harper and Kennedy (1953) had suggested using **Y for this
purpose because of 1ts highly localized necrotizang radiation
from B rays of 2 3 MeV and Forrest and Peebles Brown
(1905) first described a method of needle implantation  Qur
early expenence (Fraser ¢t al 1959) established that such
implantation could achieve functional hypopitmitanism mn at
least 80 per cent of cases but also that we were not always
confining the radiastion to the prtwitary gland—oceastonal
partial oculomotor palsies being encountered and more
seriously rhinorrhoea was a relatively frequent complication
Ths latter complication meant that our radiation was damag
ing the diaphragma for only rarely 1s there any natural com
10n between the subarachnoid space and the piturtary

fossa This experience demanded that we must chech our
landmarks for the diaphragma Indeed the conventional view
that 1t lay at the radiological top of the sella seemed less
Iikely than that 1t might dip downwards below ths level The
C to the 1 or nerves suggested the
need also for a careful check for the landmarks of the width of
the gland Clearly we could only attamn widespread prtwitary
destruction along with precise imitmg of the damage to the
pitwitary 1f we had precise radiological landmarks for the
limits of the gland tissue

For these reasons one of us (G F J } and our colleague Dr
H J Bloch embarked on a postmortem study details of
which have been published (Jophn and Bloch 1959) which
was designed to ascertamn the radiological landmarks for the
preeise ots of the prtuitary gland and also for the important
nerves m 1ts neighbourhood 7This study ammed to define

(1) the landmarks for the diaphragma sella on the Jateral
skull filmy

(2) any bony landmarks which would mdrcate the width of
the gland

(8) the position of the third c¢ramal nerve m A P and
lateral shull films
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limits of the range of the norm il pitwitary fossa dimensions’
Grass enlarg t 15 easily recogmzable not only from the
size of the sella but also from 1ts cxpansion nto an unusual
shape~—most charactenstically an expansion downwards and
outwards into the sphenoidal sinus  considerable enlargement
may also mvolve displacement of the chinoid processes and
dorsum sellac  Another useful sygm 1s the appearance of two
floors which provided they are not due to an untrueness of the
Interal projection signify unequal expanston of one side of the
sella A tomogram ean chinch this interpretation and so the
evidence of a tumour Less gross enlargement can usually be
recogmzed not only by the size of the shadow of the sella
turcica, but usually also by some distortion of the floor due
to 1ts displacement downwards mto the sphenoidal sinus At
tumes the assessment of the sella turcica s size can throw some
interesting light on the basis of a patient’s svndrome as
lustrated by case J V (Joplin Fraser and Harnson 1960)
who presented as an apparently typical mstance of exoph
thalme ophthalmoplema (ophthalmic Graves disesse of
severe exophthalmos wathout thyrotavicosis) Here wehavea
sella which both by the entera of lateral area, and of floor
displacement down towards the sphencidal smus must be
classed as enlarged and so smplying a tumour Does this case
not offer wmportant supporting evidence of the pitwtary
ongin of tius condition whether 1t be due to an excess produe
tion of exophthalmos producing substance of thyrotropm or
of & combination of the latter with adrenocorticotropin® But
when the sella turcica does not show any such distortion ints
shape can we rely on an assessment of 1ts area in the Iateral
view? In measuning the area of this lateral projection where
should the upper liumt be placed® And further 1f the radio
logist could mensure the sella width might not this be an
important ted t? The s to be
reported here offer some answers to these questions

Our special intcrest in the radiological anatomy of the
mtwtary really arose when we became mvolved in pitwitary
ablation by needle implantation of radioactive seeds into the
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sella 1 cases of metastatic carcinoma (Fig 1) Rasmussen
Harper and Kennedy (1953) had suggested usmg °°Y for this
purpose because of 1ts ghly localized necrotizing radiation
from B rays of 2 8 MeV, and Forrest and Peebles Brown
(1955) first deseribed 2 method of needle implantation  Qur
early expenence (Fraser et al 1939) established that such
implantation could achieye functional hypopitwitarism mn at
least 80 per cent of cases but also that we were not always
confimng the radiation to the prtwitary gland—occasional
partial oculomotor palsies beimng encountered and more
seriously rhinorrhoea was a relatively frequent complication
This latter compheation meant that our radiation was damag
g the diaphragma for only rarely 1s there any natural com
10n between the subarachnoid space and the pituitary

fossa This experience demanded that we must check our
landmarks for the diaphragm: Indeed the conventional view
that 1t lay at the radiological top of the sella seemed less
likely than that 1t might dip downwards below this level The
occasional damage to the oculomotor nerves suggested the
need also for a careful chech for the Iandmarks of the width ot
the gland  Clearly we could only attam widespread prtuitiry
destruction along with precise Iimting of the damage to the
pitwitary 1f we had precse radiological landmarks for the
limuts of the gland tissue

For these reasons one of us (G F J ) and our colleague Dr
H J Bloch embarked on a postmortem study details of
whith have been pubhished (Joplin and Bloch 1959) which
was designed to ascertan the radiologieal landmarks for the
preeise himits of the mturtary gland and also for the important
nerves 1n its nesghbourhood  This study aimed to define

(1) the landmarks for the diaphragma sella on the lateral
skull flm

{2) sny bony landmarks which would indicate the width of
the gland

(3) the position of the third «<ramal nerve n A P and
lateral skull films
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Schaeffer (1924) had already ascertained that the opte
chiasma may le mn direct contact with the diaphragma at any
pomnt on its upper surface This was further reason for our
requiring to define the diaphragma so that if we could keep
our radation short of this we could also be sure of avoiding
any damage to the important optic nerve

Method of Study

At autopsy, after careful exposure mvolving the mimmal
displacement and a little careful dissection radio opaque clips
and markers were placed on these structures, and then after
careful replacement of the shull cap X rays were taken The
sphenoid bone was then excised with the pituitary 1 situ, and
further films were taken To help in defining the position of
the diaphragma, radio opaque media were also mjected into
the sella, and also instilled via the cexebrospmal fluid on to the
top of the sella with the bram in sufu Finally after dissection
the width of the gland was measured with dividers for cor
relation with the radiological measurements The 25° hilt
fronto ocapital view was found to offer the optimal A P pro
Jection since it outhned the dorsum sellre through the foramen
magnum

Results
Landmarks

Fig 2 summarizes the results of thesc studies (1) the dia
phragma was shown to extend from the tuberculum sellac to
an attachment on to the antemor limt of the posterior
clinoids (which was usually their closest point to the tuber
culum sellae) In no instance was the attachment found to the
top of the posterior chinoids as has often been stated to be the
ease indeed in some cases a free spihe was found te project
several mm upwards from one or both chnods sbove the
level of the dhaphragma  (u) The width of the gland measured
after dissection was found to correspond with the width of the
waist of the dorsum sellae as seen 1 the 25 tilt fronto oeer
pital view when corrected for magmfication All but one pair
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Schaeffer (1924) had already ascertained that the optie
chiasma may lie i direct contact with the diaphragma at any
pomnt on 1ts upper surface This was further reason for our
requinng to define the diaphragma so that 1f we could keep
our radiation short of this, we could also be sure of avoiding
any damage to the important, optic nerve

Method of Study

At autopsy, after careful exposure involving the mimmal
displacement and a hittle careful dissection, radio opaque chips
and marhers were placed on these structures and then after
careful replacement of the skull cap, X rays were tahen The
sphenord bone was then excised with the pitwitary in sifu, and
further films were taken To help in defining the position of
the diaphragma radio opaque media were also mnjected nto
the sella and also instilled v1a the cerebrospmal flud on to the
top of the sella with the bram in sutu Finally, after dissection
the width of the gland was measured with dividers for cor
relation with the radiological measurements The 20° tilt
fronto occipital view was found to offer the optimal A P pro
Jection smce 1t outhned the dorsum sellae through the foramen
magnum

Results
Landmarks

Fig 2 summanizes the results of these studies (1) the dia
phragma was shown to extend from the tuberculum sellae to
an attnchment on to the anterior hmut of the posterior
chinoids (which was usually thew closest point to the tuber
culum scllae) Inno instance was the attachment found to the
top of the posterior chnoids as has often been stated to be the
case ndeed 1n some cascs a free spihe was found to project
several mm upwards from one or both clinoids above the
level of the disphragma (1) The width of the glind measured
after dissection was found to correspond with the width of the
waist of the dorsum sellae as seen 1n the 25° tilt fronto ocet
pital view when corrected for magnification  All but one pair
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Fic 3¢ A% tilt fronto-ocarpital radiograph
of pittstary area in exdaver
1and 2 chps o nght 8rd newe
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5 transserse pin_along lower
border of aptic chrasma
6 chip on the 1.t lateral margin
of draphragma sellae
(From Jopl n and Bloch 18,3 Reproduced
by permwion of the Bators B J
Fadiol )
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of these measurements agreed within 1 mm  and no correla
tion was found between the gland width and the distance
between erther the anterior or posterior chnords () The
third nerve was found on the two views (a) on the lateral
lying parallel to the diaphragma at the level of the undersur
fice of the antenor elimoids and (3) on the 25° fronto oceipital
view lymg on a Ime running from the lateral convexity of the
postenor elinoids to the t1p of the anterior clinoids  In no case

EQUALS WIDTH
PITUITARY GLAND (upp }
[Fatsbddhdurty

NII NII

Fio 2 Diagram of relations of pitustary gland as demonstrated radiologically
The needle for implanting WY seeds 15 shown a7 sifu

Left lateral view
Fught 25 fronto ocaprtal view

(From Fraser et al 1049 Reproduced by permission of the Editors Lancet )

did the nerve deviate more than 2 mm from this Iine Some
of the X rays leadmg to these conclusions are illustrated m
Fig 8a band ¢

Dimensions of the normal adult piturtary fossa

In the hterature there are available several reports of the
dimensions of the normal pituitary fossa but none states both
the magnification of the X ray apparatus used and the exact
hmtts used for defiming the fossa (Table I) Our X rays taken
by the Lysholm skull table apparatus with a film focus dis
tance of 28 mn  were found to requrre a constant magmification
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correction 1e to give the true sella measurements, the lateral
film required reduction to § and the 25° fronto ocer
pital projection required reductionto# Since the various dia
meters proposed 1n the past have not been related erther to
easily 1dentified Jandmarhs or to the exact pitwitary depth
we have suggested the following procedure which can be
clearly followed on any skull film and also measures true gland

18- . .
wh “on s
1S B qaom e @

173 e .
. ..

CORRECTED | » IN YIVO
4+ NNE{';-;}MS o EXCISED SPHENOID

TIJLIJ

RN R S
o 20 I 40 s0 60 20 §0 S0
AREA 5 mom

»

Fiz 4 Relation between area mn lateral view and
‘wdth of human sella lux?ca (corrected for magrfica
tion)

dimensions as may be seen mm ¥ig 1 Furst the nasion
tuberculum Ime 1s found The greatest fossa length parallel
tort1s measured and then the greatest depth perpendicular to
1t measuring from the diaphragma to fossa floor Finally the
cross sectional area below the diaphragma 1s easily measured
using a mm grid etched on perspex In addition the width
may be measured from the wast of the dorsum sellae
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Summary

1 Certamn new radiological landmarks of the human
pituitary have been defined

(a) The diaphragma passes from the tuberculum sellae to
the closest hmt of the posterior elnoid This defines
how near the optic nerve may come to the pitntary

(b) The width of the pitmitary approximates to that of the
waist of the dorsum sellae

(c) The third nerve passes a little further laterally as de
fined in the text

2 The size of the normal pitwmitary fossa may be best

indeved from its area 1n the lateral view whose normal hmmts

have been defined
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DISCUSSION

Young Wath regard to your obsers ations on the sell turcrea can
you place any hmits to the normal ? T am not thinking of the shape
but of the area  What do you re_ard as abnormal m terms of a mean
value and 1ts standard deviation ?

Russell Fraser Our s were based merely on the measure
ments of 50 mdu rduals

Ioung Can you give any statistical information about them 7
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Table I prves the limits, uncorrected for magmfication of
the normal range so defined, with which in general the ranges
previcusly defined agree  Previously depth has been more
variable perhaps because of the uncertamtv of the position
of the diaphragma, and width has not been avalable There
15 evidently more varation in area or volume than m any
single diameter, which was perhaps a httle surpnsing In
order to exarmne this point further we assessed the correlation
betwecn width and the lateral area It wall be seen from Fig 4
that there 15 no evidence of any mverse correlation between
these d We may fude from this that the arca
measured in the lateral view gnes an adequate and perhaps
the best mndex of the size of the fossa there does not scem to
be any tendency for narrow glands to have the larger Iteral
areas

Application of the landmarhs

e were also now able to go over the X rays of our previous
implants where placement had not been so satisfactary and
to study the med of the complications 1n rel to the
distance of the sceds from the diaphragma or of the third
nerve This showed that seeds placed beyond + mm from the
third nerve location did not cause paresis and that no rhunor
rhoea folloved when no seeds were placed within 3 mm of the
daphragma It may be added thot cach of the seeds used hasa
necrotic radius of 8 mm (delivering above 100 000 rads with
in that range but this may vary shghtly with the hotness
of the seed and also with the proximitv of other sceds) This
scemed further cvidence for the validity of our anatorcal

) Since pleting these studics, we have been
able to make our implantations in relation to this anatomsceal
nformation heeping the neerotic radins of the seeds just
within the definable himits of the gland and avording the
danger areas, fortunately tius has chiminated our oculomotor
palsies and practieally chminated our meadence of post
operative rhinorrhoea




DiscussioN 19

look at the sella turcica from above 1 a shull these are the obvious
places where you would expect 1t to be attached The clinouds are
obviously for a ligament to go between them and the nm with a
little edge on 1t 15 seen on the anterior surface where the tuberculum
sella1s presumablywhere youwould expect the fasca to be attached

Rodriguez Ts there any sex difference m your normal values ¢

Russell Fraser Qur normal values were all obtamned from females
since we felt that they should not be mixed Ve have yet to exanune
asetofmales I suspect that there will be a difference

de la Bal.e Are there any differences with adge ¥

Russell Fraser These were only adults I do not think that we
saw any evidence of a correlation with age withm the adult range
Of course 1 the younger and smmature subject 1t must be related
to nge

Lorawne In the patient with exophthalmos with a very large sella
turcica was there any evidence of abnormal thyrod function ?

Russell Fraser This particular patient by the time he reached us
had been taking = preparation for entenitis which has a lot of 10dine
mi1t therefore we were unable to measure hus thyroid function with
131 but 1t has been measured previously and found to be quute
normal  We found hus basal metabolic rate to be normal and Ihave
every reason to believe that hus thyrod function was normal or at
least not measurably abnormal

Bale Prof Russell Fraser how frequently does diabetes
msipidus oecur ?

Russell Fraser When we first placed the needles in the pitwitary
we amed to destroy the antertor two thirds but of course the
postenor wings of the antertor pitwntary come well back and lately
we have placed more needles postertorly Even m our eathier cases
there was a derable oedema foll T ds 50 that the
mnmediate effect mn most cases was diabetes msipidus for perhaps
one to three months After three months the diabetes msipidus has
usually disappeared 1 We d this was because the

confined to the infratentonal tissues and there was

damage was

enough posterior pituitary tissue above the tentormum to avoid
diabetes msipidus I think the surgeon usually has a shghtly dif

fterent expenence but he must bly touch the sup 1
1ssue

Beck In the case where you get ballooning of the sella turcica
does that allow the placement of yttrum needles so that you can
stll get the portion of the tumour whick 1s bulgmg and avaid radt
ating the optie nerve or the third and the sixth nerves ?

Russell Fraser That calls for precise placement Fortunately
when we deal with these tumours we usually put radioactive gold
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Russell Fraser Those were the absolute humts and T think they
exceed 25 £ on that sample of 50 They are to be defined as normat
limits in that sample of 50 mdividuals T think that we should have
to have o wider range of anatomieal samphing before we could be as
accurate as we would Tihe to be but I doubt whether they would
change very much from that

Young Do vou feel confident about the rehabiity of your figures
as bemg applicable to & wider sample ?

Russell Fraser Yes, I thinh so ‘Lhey are based on an adult female
population  obviously those of males would require studies which we
have not yet made and also to define those of the voung would
requize a further study

Mahnow Are vou famihar with any studies on the merease of
pressure within the gland that is necessary to increase the size of the
bony parts around the gland ?

Fussell Fraser No Iam not

Malinore 1t would be interesting to know the relationship between
that and the venous pressure within the gland for instance

Russell raser Perhaps we should measure 1t

Zagft Prof Russell Fraser I wonder whether you have to take
mto consideration the size of the shull and perhaps use that as a
parameter 7 Have vou found any correlation between the size
of the skull d by d d and that of the sells
turciea 7

Russell Fraser 1did not mention the pomnt that when we exarmed
these normal ts on the 50 subjects, unfortunately small
mnurber we attempted to correlate the size of the shull as measured
ether by an antenor 1 d: oralateral d There
did not seem to be any correlation between the size of the shull and
the dimensions of the sella turcica 1 would suspeet that some factor
of a different order 15 involved 1n this vanation It may be more
related to differences 1n body build rather than to the absolute size
of the shull

Corner VWhen the diaphragma 1> jushcd up by excessne growth
of the gland does 1% retam 1ts ongnal attachments and merely bulge
1 the centre ?

Russell Froser We bhave been anxious fo definc this 1n subjects
with ncromegaly or ather tumours 1 the ptwtarv and have done
so with the msertion of air 1n the cerebrospinal flutd followed by X
rays It 1s dffienit to interpret some of these air pictures because
there 15 a dome n the middie with air comng down on either aide
There ss no doubt that it retains its fivaton at these points we
showed but 3t may bulge up quite a bit  Only after considerable
enlargement 35 the whole dorsum sellae pushed away Infact,1fyou
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an exat at the side so that we end up with two or mare cones of seeds
which can be anterior and postertor on each stde  Webelieve that if
we put the seeds where we wish and if we read the anatomy cor
rectly 1t 1s very feasible to destroy completely the prtwitary by a
pattern bombing of this sort A very considerable advantage of this
procedure as agamnst surgery 1s that while we pattern it to have the
whole pifwtary covered at 100000 rads and upwards the few
remaining bits that we may leave outside the pattern will have at the
very least 10000 rads so that these little remnants that we may
leave are very sich remnants both from the radiations they recerved
and from the interference with the blood supply A possible advant
age over surgery 1s that the Lkelihood of regrowth of tissue left
behind 1s very much less In our ¢xpertence Intherto there has been
no single instance where there has been any recovery of the impaired
pitwtary function We have of course had patients who had m

pl ypoph: where our pl t has been imper
fect But where we have obtamed satisfactory test evidence that
prtuitary function was lowered at the three month postimplant
tests, we have never found any evidence of return of function up to
two or three years later This we belteve 1s the important pont
It may be unimportant whether we destroy 90 or 99 per cent butit
1s important that we destroy encugh to prevent regrowth and return
of function On that criterion we believe that the radmtion pro
cedure has many advantages over surgery

Ve have made a few anatomical studies of our patients prtustar
1es We do not completely destroy the pituitary we nearly always
leave a httle rum of varying extent In the earhier days it was hable
to be on the posterior extensions around the side Now we put the
seeds fore and aft to a wmider extent and hope that that will be catered
for Ifwe just exclude those areas many of the cells remamming in the
peripheral nms are very stek lookng

As regards the test evidence bemng sufficient 1t seems to us that if
you have climical or physiological tests showng very strikingly
lowered function equivalent to that after total destruction that 1s
the objective rather than an anatomical objective

W tlhelms Do your tests show that the functions drop out in any
particular order ?

Russell Fraser In the early days we used to wait and see how
quickly the result appeared but sometumesit would be at 2am m
the morming and sometmmes at 2 pm 1n the afternoon It was an
unpredictable time of crists which was very unsatisfactory  Now we
routmely grve the patient cartisane far ten days end then withdsew
1t to see what funetion remamns This we do m order to have a
planned time for looking for signs of deficiency In any case thisis
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witha lower Jevel of radistion of the order of 10-80 000 rads s aur
objective rather than full destruction In these aircumstances we
set, ourselves the upper limit of 10 000 rads at where we place the
daphragma beeau.e we behese that this is the kmut that the optic
nerse will stand 1 or this purpose we can tahe account of the bulge
and so far we hate not had any trouble with the aptic nerse mn these
turour cases

Bed Vould you comment on the physiologeal evidence or the
critena which yau use for total destruction using v ttrum needles ¢

Russell Xraser Prmanly we bke to have evidence of lower
thvroid function—as evidenced by 1311—and sssocsated with 1t en1
dence of cortisol deficiency which 15 shiown by the need for cortisone
to avord serious symptoms by water diuresss test abnormalities and
by the electrocirdsugram  We find the electrocardiogram 1s perbaps
one of the most convenient methods After having obtained these
two types of evidence winch are rendily obtaned i il subjects {and
without epormous laboratory trouble} we pass to the hormonal
assays and measure the gonadotropins and steroids to chech these
ndications of the first tests In general steroid assays have prosed
rather unhelpful mn our expericnee because so often the patient 18
svery ill beforehand and then they are abnormal m any case We
feel that the smportant evidence 1s that of thvrod function and
adrenovortical production of corhisol

Pearson Prof Russelt Fraser do you feel that you are accomphsh
1ng total hy pophysectamv by this means ? Has e you exanuned any
of the sella turcica by senal sections afterwards 7 \lthough we have
not had sny personal expenence with this approach it seems to me,
on theoretieal grounds that to attempt the total destruction of the
pitwtary by thus means 1s & Horeulean task I assume that you have
to put seeds all through the pitwitary within a range of 3 mm and
1t seems to me that it 1s almost ympossible to accomphsh o total
hy pophysectomy by this means  VWith regerd to the function test
eg chsapy of dotrop Ipp: of thyroid and
adrenal function from our expenence with surgteal hvpophy sectomy
we feel that they are quite rehable enteria but not completely
relisble for total hypophysectomy With the surgical procedure
we sometimes find on sersal section very small meroscopie foer of
antenior prtmtary tissue lft which m’ occasional instances may
represent o far percentage of the totel gland  Lsen with the
surgeal approach and cautenzation 1f 1s sometimes quite dhfficult
to obtatn tatal remaval of the gland
Tussell Fraser With regard to the anatormeal possibithty of
lacing the seeds, our nsertion procedure 15 done by two needle
tions, one on the left and one on the nght side The needle has

P
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whose carcinoma was complicated by a muddle cerebral arterial
thrombosis She died due to a combmation of amentia hermiparesis
and residual cerebral mfection Nowadays we can usually control
the wfection by rapid institution of antibiotic treatment In this
patient due to difficulty in interpreting the signs because of hem

arests we withdrew the antibioties too early and when they were
remstituted they were not as effectrve

As regards morbsdity for instance m our 1959 cases where we
know the anatomy & hitle better we had no occular parests and an
meidence of 12 per cent rhinorrhoea wlich I am happy to say we
were able to stop 1 three mstances

de la Bale If you did not get hypopituitary symptoms and signs
the first time did you repeat the placement of seeds ?

Russell Fraser Yes always 1n cases where the implant does not
produce & functional hypopitwitarism we do a second mmplant and
occasionally we have done a third implant We have one patient
whose sella turcica 1s almost jammed full of yttrum  we hardly see a
niche left for another seed but still she has not hypopitwtansm
according to our tests She has had a magmficent chnreal response
1n her carcinoma lasting two or three years with that We wonder
1f she may have a httle piturtary tissue in the roof of the nose She
1s the only patient 1n whom continuation of the procedure has not
been a practical proposttion for full destruction

Gémez Mont How often do you have to make a second mmplant ?

Russell Fraser Ve obtam about 80 per cent of hypopitwtarism on
first implant according to our test

Luft "The question of which method of hypophysectomy 1s to be
preferred cannot be d ally It '1s mfl d by the
kind of disease you are goimng to treat and by the staff of surgeons
available i your hospital It has been our expenence at least that
a good neurosurgeon will perform the operation with very hittle harm
to the patient even if the condition of the patient before the
operation 1s very bad  So 1f you have a good neurosurgeon mn your
hosprtal 1t might be best to use the procedure of transcrantal ap
proach On the other hand a number of other procedures for re
moval or destruction of the hypophysts have been suggested which
may be taken as a sign of the need for non neurosurgieal procedures
1n some places In my country the transantro sphenoidal approach
of Hamberger Norlén 15 now widely used by the ear nose and
throat surgeons 1t has the advantage of being extracramal This
procedure may be preferable also in cases of diabetes mellitns with
vascular complicattons as well as in patients with enlargement of the
selfa turcica due to pituitary tumours If you have not the facilitres
for the above procedures you may use prtuitary destruction by
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so quick that it would be difficult T suspect to see much difference
Adrenal crists used to develop between the fourth and eghth day

Beck Had the unnary gonadotropins disappeared at that time ¢

Russell Fraser We have not tested them at that time we have
usually done only the adrenal and the thyroid function tests then
and later the uninary gonadotropmns

de la Balze Where do you put the secds 1n the case of an acrome
gahie with eosmophulic tumour ?

Russell Praser As shown i my shde of an ncromegalic tumour
(Fig 1) one seed was placed antenorly 1n the lower left hand part
and the other posterorly 1n the night hand part of the pitwtary so
that there1s an even dose distribution through the pituitary with the
runimum on the roof the optic nerve 1s the hmiting factor there
Most of the gland gets 15-80 000 rads but the nms get 10 000 rads

Luft Tt 1s well known that some degree of decrease m adrenal
function mav occur even i intact people, when you suddenly
stop an admumstration of cortisone that has been of some dura
tion Now these ‘}mtxents of yours have been on 50 mg of cortisone
and more daly for ten days after hypophysectomy If ten days
after hypoih) sectomy you have ten per cent of pituitary tissue left
and vou then withdraw cortisone don t vou think that any such
patient would show signs of adrenal cortical msufficiency ? Perhaps
even 20 per cent of pituitary tissue would not be enough to present
a crisis

Russell Fraser 1 wish they all went into ensis! Unfortunately,
we do not get 100 per cent suecess 1n our anatomical placement and
there 1s a very stihung difference between the patient who will show
test evidence of hypo&mulmnsm and the patient who will not Y do
not behese that ten days on 50 mg 1s enough to suppress serously
the ndrenal cortex Perhaps others will have different views In
fact about 20-30 per cent of our patients do not show evidence of
hypoprtmtansm on the first implant  YWhen we withdraw cortisone
they develop no symptoms With these patients then we have the
opportumity to go in again as in 131 treatment of thyrotowcosis
and we do put a few more sceds where gaps appear on the \ ray of
the skull Vve are usually happy to see cortisone dependence appear
nfter the sccond implant

Pearson \Vhat are the overall mortalty and morbidity rates m
your seres of cases ?

Russell Fraser Our overall mortality 1s one patient in a total of
100 Of course many of these patients will ultimately die of earcs
noma Dut the morfality within ten days of the mplant or later
attributable to the mmplant consisted of one patient who got
memngitis from rhinorrhoea yery early ofter the implant and nlso
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TaE 1solation of pure bovine growth hormone by L1, Evans
and Simpson (1945) and the subsequent improvements in
methods of preparation (Wilhelm: Fishman and Russell
1948 Ia 1955 Raben and Westermeyer 1951) stimulated
many studees of the effects of this hormone m experimental
ammals and m man It was both disappointing and of great
mterest to learn that in man and i monkeys as well punfied
bovine growth hormone and the somewhat less pure prepara
tion from pig glands were totally ineffective (Shorr ez al 1955
Knohil and Greep 1959 see also Russell and Wilhelmi 1958)
The 1solation and partial characterization of purified growth
hormone from human and monkey pituitartes (Lt and Pap
Loff 1956) revealed that the growth hormones of man and
monkey differ signzficantly from bovine growth hormone and
provided a. physical and chermeal basis for their differences i

fieity The d 1on that both monkey and human
gmwth hormone are ighly effective 1n man (Beck efal 1957
Raben 1959) and 1n the monkey (Knobil ¢f al 1957 Knobil
and Greep 1959) has awalened an actrve interest in the hor
mones of the human pitwitary This colloquium 1s an expres
sion of that interest It affords us the privilege of an intimate
discussion of the problems presented by the hormones of the
human pituitary as well as the special privilege of enjoymg
our discussion in the hospitable country and the honoured
presence of Professor Houssay, who can as an early proneer

# This work has been generously supported by Grant C-2202
National Tnstitutes of Health > Fror o Y Ot G502 Gom the
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seeds of radioactive yttrium This procedure has been used by Dr
Notter in our place for some years he 15 using the procedure of
Forrest with some mnor modifications

Russell Fraser Dr Luft, 1t was because of the lack of s good
neurosurgeon that we started out on this procedure, with such non
experts as physieians and radiologists being the operators! We felt
that as long as we did not go beyond the needle and avoided the
Lnife then 1t was within the provinee of thesr position  Another con
sideration was of course the fact that these patients were very il
I am sure that a very large proportion of our patients could never
have been operated on by an ear nose and throat surgeon or a neuro
sixgeon The very 1l patients mncluded some who had hypercal
caerma and a blood urea of 800 and so could not stand an operation
We were recerning the bones thrown from the table of the surgical
masters when we started this procedure and many of our pattents
were very il

Mahnow Do you think your procedure could be used ta destroy
only the postertor pituitary gland ? Sometimes we have very il
cardiac patients who are water logged and we have been wondering
if destruction of the posterior pitwitary gland would help them

Russell Fraser That 15 a very nteresting pomt Nobody has
ashed me where 15 the drviding Iine between the anterior and poster
sor pituitary mn our anatomucal presentation This 1s one of the
questions we still have ahead of us we have felt 1t 15 important to
find that out aceurately Itis of course a curve and not a straight
line In the standard text books we are told that it 1s the anterior
two thirds and the postenor one third and I think that 1s approxt
mately true It should be probably quite practical to do with the
posterior what we do with the anterior 1¢ to 2im to destroy all the
antenior and whatever amount of the posterior 1s necessary to ensure
this If one applies that m converse one could aum at completely
necrosing the posterior one third of the sella turcica and meidentally
burn away some of the lateral arms of the anterior or pars glandu
lans I think one could destroy 1t within those limts

Sonenberg In order to complete Dr Luft s bist of possibiities and
m answer to Dr Malnow we could mention with regard to the
posterior prtuitary that perhaps one of the so called analogues of the
du Vigneaud group or the Swiss group would be equally appropriate
e g 1soglutamine and acetyl derivatives as well as some monopep
tides scem to have competitive mnhibitory actrvity to the posterior
prtuttary prineiples
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Tre ssolation of pure bovine growth hormone by Lt Evans
and Simpson (1945) and the subsequent improvements
methods of preparation (Wilhelm: Fishman and Russell,
1948 L1 1955 Raben and Westermeyer 1951) stimulated
many studies of the effects of this hormone 1n expennmental
ammals and m man It was both disappomting and of great
interest to learn that m man and 1 monkeys as well, punfied
bovine growth hormone and the somewhat less pure prepara
tron from pig glands were totally ineffectsve {Shorr et al., 1955
Knobil and Greep 1939 see also Russell and Wilkelms, 1938}
The 1solation and partial charactenization of punified growth
hormone from human and monkey prtwstartes (Lr and Pap
koff 1936) revealed that the growth hormones of man and
monkey differ significantly from bovine growth hormone and
provided a phvsieal and chemical basts for their differences 1n

fictty The do ration that both monlkey and human
gmwth hormone are lighly effective m man (Beck 2 al., 1957
Raben 1959) and 1n the monkev (Knobil ¢ al.,, 195~ Knobil
and Greep 1959) has awakened an active mterest mn the hor
mones of the human piturtary  This colloqusum 1s an expres
ston of that interest It affords us the pnivilege of an mtimate
discusston of the problems presented by the hormones of the
humap pritmtary as well as the special privilege of enjoving
our discusston in the hospitable country and the honoured
presence of Professor Houssav who can as an early proneer

* This work has been generously supparted Grant C-2232 from
National Institutes of Health. 4 w the
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seeds of radioactive yttnum This procedure has been used by Dr
Notter i our place for some years he 15 using the procedure of
Farrest with some munor modifications

Russell Fraser Dr Luft, 1t was because of the lack of a pood
neurosurgeon that we started out on this procedure with such non
experts as physicians and radiologists being the operators ! We felt
that as long as we did not go beyond the needie and avorded the
Jearfe then 1t was within the province of their position  Anotler con
sideration was of course the fact that these patients were very il
T am sure that a very large proportion of our patients could never
have been operated on by an ear nose and throat surgeon or & neuro
surgeon The very 1l patients included some who had hypercal
caemia and o blood urea of 800 and so could not stand an aperation
e were recerving the bones thrown from the tabie of the surgical
masters when we started this procedure and many of our patients
were verv 1l

Malinorw Do you think your procedure could be used to destroy
only the posterior pitwitary gland? Sometimes we have very il
cardiac patients who are water logged and we have been wondenng
1f destruction of the posterior pituitary gland would help them

Russell Fraser That 15 a Very iterestmg pomt Nobody has
asked me w here 1s the dividing hine between the anterior 1nd poster
sor prtuitary mn our anatormical presentation This 13 one of the
questions we still have ahead ofus we have felt 1t 15 important to
find that out accuratelv Itis of course n curve and not a straight
Iine In the standard text books we are told that 1t 1s the anterior
two thirds and the posterior one third and I think that 1s appron
mately true It should he probably quite practical to do with the
postenor what we do with the antenor, 1e to aim to destroy all the
anterior and whatever amount of the postertor 1s necessary to ensure
thus  If one applies that 1n converse one could aim at completely
necrosmg the postenor one third of the sella turcien and meidentallv
burn away some of the lateral arms of the anterior or pars glandu
lans T think one could destroy it within those hmits

Sonenberg In order to plete Dr Tuft s Iist of posstihties and
m answer to Dr Mahnow we could mention with regard to the
postenor pitwtary that perhaps one of the so called nnalogues of the
du Vignenaud group or the Swiss group would be equally appropriate
e 1soglutamime and acetyl denvatives as well as some monopep
tides seem to have competitive inhibitory activity to the posterior
pitwitary prmeiples
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TyE 1solation of pure bovine growth hormone by Ln Evans
and Smmpson (1945) and the subsequent improvements
methods of preparation (Wilhelmi Fishman and Russell
1948 L, 1955 Raben and Westermeyer, 1951) stimulated
many studies of the effects of this hormone 1n experiment il
ammals and 1n man It was both disappomting and of great
terest to learn that i man and m monkeys as well purfied
bovine growth hormone and the somewhat less pure prepara
vion from pag glands were totally ineffective (Shorretal 1955
Knohil and Greep 1959 see also Russell and Wilhelmi, 1958)
The 1solation and partal characterization of punfied growth
hormone from human and monkey pitwtaries (L1 and Pap
koff 1956) revealed that the growth hormones of man and
monkey differ significantly from bovine growth hormone and
provided a phystcal and chemieal basis for their differences in

pecrfiaty The d ration that both monkey and human
growth hormone are highly effective in man (Bech et al 1957

Raben 1959) and in the monkey (Knobil ef al 1957 Knobil
and Greep 1959) has awakened an active mterest m the hor

mones of the human prtwitary This colloquium 1s an expres

ston of that interest It affords us the privilege of an intimate
discussion of the problems presented by the hormones of the
humn pituitary as well as the special privilege of enjoymg
our discussion 1n the hospitable country snd the honoured
presence of Professor Houssay, who can as an early proneer
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and a seasoned and still vigorous frontiersman n this field,
lay sound clamm to bemg an mspiration of much of the nwork
to be discussed

In the past, the isolation of simgle prtustary hormones has
been achieved from the glands of animals—ox, pig, sheep—
that are both numerous and 1n easy commerce Methods have
tended to be speciahized for a single hormone or perhaps two
since there was no reason for economy of raw matenal Only
a few attempts at devising a general system for the separation
of all the active pninciples of the antenior prtuitary have been
made (Fevold et al, 1040, Bonsnes and Whte, 1940, Eils,
1958) and these have not been entwely satisfactory Owr
earher work with fish pituitanes (Wilhelon 1955) and more
recently with monhkey and humen prtwitaries has made it
seem worth while to return to the problem of devising 8
general method 1n order to make possible the most effective
use and application of these very scarcc raw matenals This
paper deserbes some of our efforts to devise proceduses by
which all of the active principles of the human anterior pitut
tary mught be separated and punfied or concentrated A long
step toward this desired goal can be taken if one can achieve
some separation and concentration of the hormones by a pro
eess of sclectine extraction  Once this has been done the
{further separation of individual hormones from the extracts
can, 1 most eases be carried out with relatyve ease  The worh
to be desersbed has not it mav be sud at once arrived st &
solution of the general problem It does however throw en
ntercsting hght on some pecular charactertstics of the human
pitutary, and 1t gues promise (on an optimist's estimate)
that the general problem can be solved

Sources and preparation of materials

Human pituitanes have been collected at autepsy and pre
sersed under acetone i four Atlanta hospitals In addition
a number of samples of acetone dried pitwitanes have been
donated by anvestigators interested 1n obtamung growth
hormone Two lots of fresh frozen pitwitaries have been col
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leeted in New York hospitals and sent to this Inboratory for
processing

The pitwtaries stored under acetone were freed of the sol
vent by filtration and brief drying tn an mar stream on the filter
They were then cut up mto small bits and the particles were
soaked in water and then Jvophilized  Ihe matenal dried in
tlus way powders easily m o mortar, and the dry powder 15
readily wetted by the nqueous solventsused in the extractions

The fresh frozen glands, mixed with dry ice, were ground
finemn o dry food mill  Wiien the dry see had evaporated the
wet pink mush of ground glands was dispersed i the extract
ng solvent

Tor acctone dried materials 80 mi of solvent were used
per g of dry powder Ior fresh glands, 6 mt of solvent were
used per gz of glands  Sinee the fresh glands contnin about 80
yer cent of mosture, the ratio of soly ent to dry weight 1s nearly
the same n both instance  Unless otherwise mdicated, all
extractions and subsequent fractionations were carned out
m a cold room at 4° Lixtracts or denived fractions were din
lysed, frozen and dricd n vacuo

Methods of assay

Crowth activity was mensured by the gan in weight of
100 g male hypophyscetomized rats 10-1+ days after opera
tion during 10 daly njections of the fractions under test
(Mar< Simpsonand ¥ vans 1012)  Pwo doses of standard and
of unknown werc used 1n each case and the poteney of the
unknowns was cstimated from the parallel dose response
curves Lhe standard was o punfied bovine growth hormone
GIL,168 prepared i ths Inboratory and equipotent with the
UST Standard A umt 1y defined 0 the activity of o mill
gram of the standard

Trolactin nctivity wns measured by the nerease m the
weight of the crop snc of ¢ weel old White Carnenu pigeons
duning four datly mtramuseular mjections of the substance
under test (Riddle, Bates and Dykshorn 1933) Tor the
sexcening of erude fractions, a single total dose of 10 mg was
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and a seasoned and sl vigorous frontiersman in this field
lay sound claim to bemng an mspiration of much of the work
to be discussed

In the past, the 1solation of single piturtary hormones has
been achieved from the glands of ammals—ox, pig sheep—
that are both numerous and in easy commerce Methods have
tended to be speciahized for a simgle hormone or perhaps two
since therc was no reason for economy of riw materal  Only
afew attempts at devising a general system for the separation
of all the actin ¢ principles of the antenor pituitary have been
made (Fevold ef al, 1940 Bonsnes and White 1940 Elbs,
1058) and these have not been entirely satisfactory Our
euwrlier work with fish pitwitanies (Wilhelm, 1955) and more
recently with monkey and human pituitanes, has made 1t
seem worth while to return to the problem of devismng 2
general method 1n order to make possible the most effectrve
use and appheation of these very scarce raw matenals This
paper deseribes some of our efforts to devise procedures by
which all of the active principles of the human anterior prtut
tary might be separated and purified or concentrated A fong
step toward this desired goal can be taken if one can achieve
some separation and concentration of the hormones by a pro
cess of selective extraction Once this has been done the
further separation of individual hormones from the extracts
can in most cases be earried out with relative ease The work
to be deserbed has not 1t may be said at once, arnved at &
solution of the general problem It does, honever throw an
interesting hight on some peeuliar charactenistics of the human
pituitary end 1t gives promise {on an optimist & estimate)
that the general problem ean be solved

Sources and preparation of materials

Human pituitaries has ¢ been collected at autopsy and pre
served under acetone i four Atlanta hospitals In addition,
2 number of samples of ncetone dried ptmtanes have been
donated by mvestigators interested in obtamng growth
hormone  Two lots of fresh frozen pitwitancs have been col
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lected m New York hospitals and sent to this laboratery for
processing

The pitmitaries stored under acctone were freed of the sol
vent by filtration and bricf drymg n an air strenm on the filter
They were then cut up into small bits and the particles were
sooked 1n water and then lyophilized The material dried 1n
this way powders easily in a mortar and the dry powder 1s
readily wetted by the aqueous solventsused in the extractions

The fresh frozen glands mixed wath drv ice, were ground
fine m a dry food mll  When the dry 1ce had evaporated the
wet pink mush of ground glands was dispersed 1n the extract
mg solvent

For acctone dricd matersals 80 ml of solvent were used
per g of dry powder Tor fresh glands 6 ml of solvent were
used per g of glands  Since the fresh glands contain about 80
per cent of moisture the ratio of solvent to dry weight s nearly
the same m both imnstances Unless otherwise indicated all
extractions and subsequent fractionations were carried out
m o cold room at 4° Extracts or denived fractions were dia
lysed frozen and dried n racuo

Methods of assay

Growth activity was mensured by the gan i weight of
100 g male hypophysectomized rats 10-14 days after opera
tion during 10 daily mjecttons of the fractions under test
(Mary Simpson and Evans 1942) I'wo doses of standard and
of unknown were used 1 each ease and the potency of the
unknowns was estimated from the parallel dose response
curves The standard was a punfied bovine growth hormone
GI;168 prepared m this lnboratory and equipotent with the
USP Standnrd A umt s defined as the activity of a milh
gram of the standard

Prolactin actimity was measured by the increase in the
weight of the crop sac of 6 week old White Carneau pigeons
durmg four daily intramuscular njections of the substance
under test (Riddle Bates and Dyhkshorn 1933) TFor the
sereening of erude fractions a single total dose of 10 mg was
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and n seasoned ind still vigorous frontiersman in this field
Ivy sound clamm to beng an wspiration of much of the work
to be discussed

In the past the solation of single piturtary hormones has
been achieved from the glands of animals—on, pig sheep—
that are both nume rous and 1 easy commerce Methods have
tended to be speciahized for a single hormone or perhaps two
sinee there was no reason for cconomy of raw matenal Only
a few attempts at devising a general system for the separation
of all the active prineiples of the anterior pitwitary have been
made (Fevold ef al, 1940 Bonsnes and White 1946, Ells
1958} and thesc have not been entirely satisfactory Our
earhier work with fish pitwitanes (Walhelm, 1955) and more
recently with monkey and human pitwitares, has made 1t
seem worth while to return to the problem of devismg &
general method n order to make possible the most effectie
use and apphieation of these Iery scarce raw matenals This
paper deseribes some of our efforts to devise procedures by
which all of the active prineiples of the human antenor pitw
tary might be separated and purified or concentrated A long
step toward this desired goal can be taken if one can achieve
some separation and concentration of the hormones by a pro
cess of selective extraction Onee this has been done the
further separation of individual hormones from the extracts
can mnmost cases be carned out with relative ease  The work
to be deseribed has not 1t may be smd at once arnied st s
solution of the general problem It does, however throw an
nteresting light on some peculiar charactenstics of the human
pitwtary, and 1t gives promise (on an optimist s estimate)
that the general problem can be solyed

Sources and preparation of materials

Human patuttaries have been collected at autopsy and pre
served under acetone in four Atlanta hospitals In addition
a number of samples of acetone dred pituitanes have been
donated by imnvestigators interested in obtaming growth
hormone Two lots of fresh frozen prtwstanes have been col
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lected 1 New York hospitals and sent to this laboratory for
Pprocessing

The pituitares stored under acetone were freed of the sol
vent by filtration and brief drying i an awr stream on the filter
They were then cut up mnto small bits and the particles were
soaked 1n water and then lyophiized The materal dried 1n
this way powders easily 1n a mortar and the dry powder 1s
readily wetted by the aqueous solventsused m the extractions

The fresh frozen glands mmxed with dry 1ce were ground
fine1n a dry food mill When the dry ice had evaporated the
wet pink mush of ground glands was dispersed 1n the extract
g solvent

For acetone dried matertals 80 ml of solvent were used
per g of dry powder For fresh glands 6 ml of solvent were
used per g of glands Since the fresh glands contamn about 80
per cent of moisture the ratio of solvent fo dry weight 1s nearly
the same 1n both wstances Unless otherwise indicated all
extractions and subsequent fractionations were carried out
1 a cold room at 4° Extracts or derived fractions were dia
lysed frozen and drned n racuo

Methods of assay

Growth activity was measured by the gam i weight of
100 g male hypophysectomrzed rats 10-14 days after opera
tion during 10 daily injections of the fractions under test
(Marx Sinpson and Evans 1942) Two doses of standard and
of unknown were used m each case and the potency of the
unknowns was estimated from the parallel dose response
curves The standard was a purified bovine growth hormone
GH,168 prepared 1n this laboratory and equipotent with the
USP Standard A umit 1s defined as the activity of a millx
gram of the standard

Prolactn activity was measured by the increase n the
weight of the crop sac of 6 week old White Carneau pigeons
durng four daily intramuscular 1njections of the substance
under test (Riddle Bates and Dykshorn 1933} For the
sereemng of erude fractions a smgle total dose of 10 mg was
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used In more refined assays, two doses of standard and un
known were emploved and potencies were estimated from the
parallel dose response curves The standard was o punfied
ovine prolactin (NTH SP 1) estimated to contan 15 USP
units per mg

Folhele stimulating hormone (FSH) was measured by the
method of Steelman and Pohley (1953) using 25 day old
Sprague Dawlev rats  Relative potencies were estimated
from the parallel dose response curses of standard and wn
hnowns The standard was an Armour FSH preparation
264 151 X A unit 1s defined as the acttvity of a milligram of
the standard

Luteimtzing hormone (LH) was assayed by the ovaran
hy peracrma method of Ellis and Porter (1957) In this pro
eedure the plasma of inmature female rats is labelled by an
ntravenous injeetion of 1T Jabelled serum albumn, and the
degree of ovanan hyperaerma mduced one hour after the
intravenous injection of a preparation contmmng LI 1
measured by the amount of radioactivity found wn the ovanes
Estimates of relative potency were derived from the paraliel
dose response  curves of standard and unknowns The
standard was an Armour LH preparation 227 80 A umt s
defined as the activity of 1 mg of the standard

Thyrod stimulating hormone (TSH) was assayed by the
method of Lamberg (1958) using the * P uptake of the thy
roids of 2 day old Winte Leghorn chucks  Relative potencies
were calenlated from the parallel dose reponse curves of the
unhnown preparations and the U'S P Thyrotropin Reference
Standard

Adrenccorticotropte hormone (ACTH) was estimated by the
adrenal ascorbic acid method of Sayers, Savers and Wood
bury (1948) The reference standard was the International
Standard estumated to contatn 1 unst per mg

Procedures and results of general extraction methods
Since the method of Wilkelnu Fishman and Russell (1048)
and its later modification (Wilhelmy, 1855} had been used
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successfully 1n the preparation of growth hormone from the
pitwitaries of a number of species of animals an attempt was
made first to apply this procedure to human pitwitaries The
glands were subjected to two successive extractions The
first extraction was conducted overmight 1 0 8 a KCl at
pH 5 5 The gland residue was then extracted overnight, at
room temperature m 0 1 ¥~ HCl The choice of these condi

tions was based on the followimng considerations From the
behaviour of ACTH and prolactin mn a vanety of conditions
of extraction 1t was expected that these substances would
remain out of solution atpH 5 51n the presence of amoderate
concentration of salt The primary extract should therefore
contam grow th hormone LH TSH and FSH Aecid extraction
of the gland residue should bring out the ACTH and prolactin

As will be seen these expectations were only partly fulfilled

The primary extract yields five fractions

(A) 10 per cent ethanol pH 8 5
(B) 80 per cent ethanol pH 7 5
(C) 80 per cent ethanol pH 5 5
(D) 80 per cent ethanol pH 4 4
(E) 30 per cent ethanol 5 per cent trichloroacetic acid

The acid extract treated by a modification of the procedure
of L1 (1952) yields two fractions

(F) pH 8 12 per cent saturation with sodium chloride
{G) pH 8 96 per cent saturation with sodium chloride

The first of these 1s expected to contam prolactin the second
ACTH  Several extractions were made with thus procedure
Table I presents representative data from one such expen
ment At this stage of the work the activity most sought after
was growth hormone and the assays of the fractions are most
complete 1n this respect

It will be seen that in the primary extract growth promoting
activity 1s distributed over fractions A-D that 1t 1s not st
ably concentrated in fractions B and C as 1s the case with
bovine piturtanes and that the total measured activity falls
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Table X

VIELDS AND GROWTH HORMONE CONTENT OF FEACTIONS FROM NUMAY
PITUITABIES FXTRACTED
() wrrn 0 3 KCe »H 5 5 Anp (2)0 15 HCL pHY 2
{Starting matenal 24 1 g gretone dried glands 120 g equivalent

fresh weight)
Wer bt Growth achmity
Fraction mg g %, umtsimg | umisihg |
A ~31 2 34 Q25 580
n 873 5 61 018 1010
< oo 4 62 a0 45 2086
D 654 545 019 1040
r 321 268 — -
Subtotal 2483 20 70 4710
r 2000 18 67 0 42 7 000
G 82y 4 89 — —-
Tota) 5810 326 1710

(The weight reference is to fresh gland weight )

far short of that reported by other workers (L1 and Paphoff,
1956, Raben, 1957, Lewss and Brnk, 1058) The report of
Lewss and Bunk that the growth promoting activity 15 only
partially extracted under the conditions used here, and that
as much or more actrvity could be extracted from the gland
residue 1 0 1w KCi at pH 11, led us to examine the pre
sumed ‘prolactin’ fraction ¥ from the anid extract This
large fraction was highly active accounting for more than half
of the total growth promoting activitv of both extracts The
extraction with 0 3 3 KCl at pH 5 5 therefore leay es behind
a major portion of the growth hormone 1n the glands Tlus
proved to be the case both with fresh and with acetone dried
material It 15 remarkable that human growth hormone can
survive exposure to pIi 1 9 for 24 hours at room temperature
It 15 also clear that this procedure does not lead to the de
sired concentration of the hormone i only one or two frac
tions or to1ts clean scparation from other activities Likely to
be present m some of the fractiens
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The recovery of growth hormone from fractions B and C
was attempted by applying the procedure described by Wil
helrm (1955) for final punfication of bovine growth hormone
The results are tabulated 1n Table IT  With fraction B there
was a large residue mnsoluble in 0 1 3 KCl at pH 11 With
both fractions the precipitation from 25 per cent ethanol at
PH 7 4 was mcomplete and the cloudy supernatant solutions
could be clanfied only by adjusting the pH to 5 5 (fraction C,
Table I} Although a very active fraction was obtained from

‘Table 1f
RECOVERY OF GROWTR HORMONE FROM FRACTIONS B anp C
Fraction B (660 m, 119 unats)
Fraction Weht (mg)  Unutsfmg Total umits

R 205 —_ —_
A 13 021 24
B 45 042 19
c 83 028 )
D 34 015 5
Total 4381 57
Traction C (540 m, 243 umils)
A 128 0 28
B 157 110 173
c 15 —
Total 300 2

Imtial concentration 1 per centn ¢ 1 3 hCl pH 11 R msclublen 0 1
»KCl pH11 A precipitate from 0 13 hCl pH 4 5 B precipitate from 25
per cent ethanol pH 7 4 C precipitate from 2o per cent ethanol pH 5 5
D final supernatant solution dialysed lyophihized

fraction C the recovery of activity was poor especially from
frachion B

The purtfication of growth hormone from fraction F (Table
1) was achieved m two stages The fraction was extracted
with 0 1 » ammomum sulphate at pH 7 and active matenal
was precipitated from the extract by raising the concentration
of ammonium sulphate to 23 A third fraction was recoy ered
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Table 1

WIELDS AND GROWTU HORMOVE CONTENT OF FRACTIONS FROXM HUMAN
PITLITARIES EXTRACTF D
() wirn @ 3 h{c pH 5 5 AxNd(2)0 I x HCL, pH 1 8
{Startin, matenal 24 1 g ncctone dned glands 120 g equisalent

fresh weight)
Wer ht Gronrth achivily
Fraction m, 2t unls)mg unttsfhg
A 281 234 02 580
B 63 5 61 018 1010
c sud 4 02 045 2030
D b0 545 019 1040
E 321 2 68 — bad
Subtotal 2483 20 70 4110
F 2 000 16 67 042 7 000
c 8av © 8 —_— -
Tatal ° 310 4t 26 11 716

{The weight reference is to fresh gland weight )

far short of that reported by other workers (Lt and Paphoff
1856, Raben 1957, Lewss and Brink, 1958) The report of
Lew:s and Brink that the growth promoting activity 15 only
partially extractcd under the conditions used here and that
as much or more activity could be extracted from the gland
residue i 0 1 3t KCI ot pif 11, led us to examine the pre
sumed prolactin  fraction I' from the acd extract This
targe fraction was lghly active sccounting for more than half
of the total gronth promoting activity of both extracts The
extraction with 0 3 & hClat pH 5 5 thercfore leaves behnd
a major portion of the growth hormone m the glands Tius
proved to be the case both with fresh and with acetone dried
matenal It 1s remarhable that human growth hormone can
survive exposure to p 1 8 for 24 hours at room temperature
It 1s abso clear that tiis procedure does not lead to the de

sired concentration of the hormone 1n onlv one or two frae

tions, or to 1ts clean separation from other activities hikelv to
be present 1n some of the fractions
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weights 46000 27000 or 1 7 1 An assumption mpliat
m this calculation 1s that all other factors m the assay are
equal
the disappointing behaviour of growth hormone n this
method of extraction was so distracting that not much effort
was made to examme the fractions for other actities Dr
H B Van Dyke has explored fractions A D and E for thewr
content of gonadotropin, and has found good actrvity (mamly
LH) 1 fracttons Dand E  He and hus colleagues will report on
this work elsewhere

Much the same results were obtained 1n a single trial of the
method of Ellis (1858) involving extraction of the glands
with 0 1 3 ammonium sulphate at pH 5 5 and subsequent
fractionation of the extract with ammonmum sulphate at
pH7and pH 4 Asin the first procedure a second extraction
of the gland residue was made with 0 1 5 HClat room temper
ature, and two fractions were derived from this extract
adjusted to pH 8 at 12 per cent and at 96 per cent saturation
with sodmum chlomde In this procedure nearly all of the
growth promoting activity of the primary extract 1s concen
trated 1n a precipitate obtamed at 2 M ammomum sulphate
at pH 7 Ths fraction (AS pH 7) denved from 45 g of fresh
glands weighed 295 mg Its growth sctivity was estimated
to be 0 55 umts/mg and 1t represents a yeld of only 8 6
g fhg much below the expected yield of growth hormone
from these glands The growth activity of the aeid extract
was not measured 1n this expernnent since we were not at the
time aware of the possibility that most of the growth hormone
was left 1n the gland residue and could be extracted with
dilute acxd

Satisfactory recovery of the activity from the 2 a ammon
mm sulphate fraction was achieved by fractionation with
ethanol from dilute KCl solution at pH 7 2 (Table IV)

Neither of these procedures app d to be satisf: Y
from the pomnt of view of obtammg good yields of growth
hormone and at the same tume allowing the 1solation or con
centration of other activities

FTYAN POROTIARY—2




32 Avrrep B Winnewatr

by dalysing and lyophilizing the whole supernatant solution
It will be seen from Table IT that a very large residue s left

Table 111
RECOVERY OF GROWTII HORMONE FROM FRACTION P

Fraction F (1 92 g , 806 umts)
Frection  Weaght{mg)  Umigmg  Total unsis

R 1880 — —_

A 264 e 287

B — — —
Fraction R{1 38 2)

C 114 ml b

D 206 17 LN

Total oy

R insoluble 1 0 1 3 ammonuum sulphate pH{ 7 A precipitate st 23
ammontum sulphate pl{ 7 B soluble in 2 » ammonum sulphate pH7 C
inls{néulg!e n0 YuKC pH 6 8 D precpitate at 2 3 ammonum suiphste
3

and that, although the 2 M ammonmum sulphate fraction, A,
1s Inghly active, 1t represents only a small part of the estt
mated total activity of the fraction  Jt was discovered that the
msoluble fraction R woulddssolve completely tn @ 1 at KClat
PH 11 From this solution a heavily coloured inert fraction
precipitates at pH 6 8 A Iughly active growth promoting
fraction 15 obtamed from the clear supernatant solution at 2
M ammonium sulphate and pHI 6 8 Of the total of 806 units
of activity estimated to be presentin the ongmal fraction ¥
the two fractions account for 740 or 92 per cent, & very satis
factory accounting It will be noted that both products appear
to hay e been more active than the standard, so that the weight
yield of the fractions 1s considerably less thon the yeld
umits of activity  [his phenomenon has been noted several
times mn the eourse of this work

One may speculate that, if each molecule of growth hor
mone 15 & single active umt, then when equal weights of puri
fied human snd bovine growth hormone arc compared th
potencies should be m the muerse ratio of the moleculal
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During the past 18 months my colleague Dr Stanley Ellis
has been working on a further development of methods of
fractional extraction of ox sheep and pig pituitanies  He has
evolved 2 new procedure (Ellis 1960) by which several of the
major active principles of the anterior lobe ean be largely
separated from one another Three successive extractions are
carried out

A water,at pH 5 5
B 0 1y ammonum sulphate at pH 4 0
C 0 253 ammomum sulphate at pH7 5

Asan illustration of the results of this procedure a summary
of the distrtbution of the activities 1n the three extracts of
sheep piturtames 1s presented m Fig 1 It will be seen that
FSH 1s the prinerpal activity found in extract ‘A TSH and
LH the man activities 1 extract ‘B’ and growth hormone
m extract C  ACTH and prolactin appear to be absent
from these three extracts The yields of activities in the three
extracts are satisfactonly high The results with ox and pig
piturtaries were qualitatively ssmlar  These imtial separa
tions greatly ficilitate the subsequent purnfication of the
active principles and they reduce the chances of cross
contammation Both FSH and growth hormone (GH) have
been carried to high degrees of purification with excellent
recoveries from their respective primary extracts LH and
TSH are quite easily concentrated from extract B  but
therr clean separation has not been achieved

This new procedure has been apphed to human piturtartes
with mteresting but decidedly different results Tables V-VIL
summarize the observations that have so far been made on
extracts A ‘B and ‘' C 1n two expermments with ace
tone dried material and one experiment with fresh frozen
glands From the data of the three Tables 1t may be seen that
FSH appears to be concentrated in the ‘A’ extract and that
the speaific activity and the total indicated quantity are high
The greater part of the LH also appears in the “A  extract
TSH 15 about evenly divided between the A’ and ‘B
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Table TV

RECOVERY OF GROWTH HORMONE FROM FRACTION AS pH T
Fracton 1S pIl 7 (290 mg 161 umis)

Froction  Weight (mg)  Unutsjmg  Tolal unuts
A 128 — —
B 1068 10 106
c 61 — —_

A insoluble in 0 13 K€l pH 4 5 B precmtate from 25 per cent ethanol
PILT 4 C precipitate {rom .o per cent ethanol pHo 5

per
kg =
1400

Units | A l B , c

1200
.0001
800

600

400
2004
o 1 o

Fon P rsu O | pantM1su N | pdu UM guH

F1a 1 Distnbution of FSI I H TST{ and GII setivi
ties in three successive extracts of fresh whole sheep
pituitaries Extract A water 565 B 01
3 smmonium sulphate pIt 4 0 © 25 3 ammo-
nium sulphate pH 7 » ™o ACTII or prolactin were
found in these three extracts (s 19€0)
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During the past 18 months my colleague, Dr Stanley Ellis
has been working on a further development of methods of
fractional extraction of ox, sheep and pig pitmitaries He has
evolved a new procedure (Ellis 1960) by which several of the
major active principles of the anterior lobe can be largely
separated from one another Three successive extractions are
carried out

A water atpH 5 5
B 0 13 ammomum sulphate at pH 4 0,
€ 0 253 ammonum sulphate at pH 7 5

As anllustration of the results of thas procedure a summary
of the distribution of the activities mn the three extracts of
sheep pitwitaries 15 presented mn Fig 1 It will be seen that
FSH 1s the prineipal activity found in extract “A , TSH and
LH the main activittes 1 extract B  and growth hormone
m extract C ACTH and prolactin appear to be absent
from these three extracts The yields of activities in the three
extracts are satisfactonly high The results with ox and pig
pitmtaries were quahtatively simlar These imtial separa
tions greatly facil the subsequent punfication of the
active principles and they reduce the chances of cross
contaminatson  Both FSH and growth hormone (GH) have
been carred to high degrees of punfication with excellent
recoveries from their respective primary extracts LH and
TSH are quite easily concentrated from extract ‘B , but
therr clean separation has not been achieved

This new procedure has been apphed to human mitmtanes
with mteresting but decidedly different results Tables V-VII
summarize the observations that have so far been made on
extracts A B and C 1 two experiments with ace
tone dried material and one experiment with fresh frozen
glands From the data of the three Tables 1t may be seen that
FSH appears to be concentrated m the ‘A extract und that
the speaific activity and the total indicated quantity are high
The greater part of the LH also appears i the ‘A ?’ extract
TSH 1s about evenly divaded between the ‘A and ‘B
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extracts, but 1s more highly concentrated mn the smaller
extract “B”

It was a surpnse to find sigmificant amounts of growth
hormone n the first water extract In the case of the fresh

Table V

HORMOVAL ACTIVITILS DERIVED FROM JUMAN PITUITARIES BY
EXTRACTION WITH WATFR AT FHL § 5 (BXTRACT A )

a a, b
Solds g jkg 13 6 57 174
FSH umts/mg 10 19 075
urutsfkg 13700 10 900 18 000
LH umis/mg —-— — 0 058
unitsfkg - — 020
TSH units/mg 002 — o ;13
untsfky 342 ~— 276
GY umts/mg 038 020 {1 73)
untts)ky 5170 110 {36 000)
Prolactin units/mg 68 - —
unitsfkg 13 —- —
ACTH umks}mg — 0 37 -
it5k} —— 2116 -

;‘, e, acetone dned glonds f fresh frozen glands
he vmght reference i3 to fresh gland weight
‘Table VI

HIORMOVAL ACTIVITIES DERIVED FROM A SECOND EXTRACTION OF INUMAN
PITUITARIES WITH @ 1 3 AMMONIUM SULPRATE PH 4 O (EXTRACT B

a5 ay !
Solids g kg 424 515 878
TSI unitsjmg o2t 0 40 020
umtsfkg 1150 2060 1750
LY units/mg - -— 0 064
umta/kg — — 850
‘TSH uritsjmg 0 10, — 0 050
units/kg 844 430
GH unitsfmg 0 80 a2 636
units; 1210 1140 3100
Jrolactin units/mg 019 — —
units/ky 800 — -
ACTIT units/mg 018 - —
unitsfkg 589 — =

(Symbols as In Table ¥ }
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Table VII
HORMONAL ACTIVITIES DERIVED FROM A THIED EXTRACTION OF HUMAN
Pr WITH O 25 3 »H 7 5 (exrract C )
o a s
Solds g /kg 817 8 41 13 16
FSH untts/mg 007 — 002
umts/kg 577 — 263
LH units/mg — — [
umsts/kg — —_ ¢
TSH umts/mg 0 025 — 0 005
unuts/kg 208 — 86
GH unsts/mg 0 46 0 81 053
unsts/kg 3730 6780 6500
Prolactin units/mg 41 — —
unitsfkg 33 400 — —
ACTH umts/mg 002 - —
umtsfkg 188 —

(Symbols as 1 Table V )

glands the specific activaty ot the A extract (umts/mg)
was already greater than that of the standard and the cal
culated total yield was fantastically lgh It 1s possible that
this extract contamns an  optimal mxture of activities for
the promotion of growth n the hypophysectomized rat 1if so
one mght have expected to see a sumilar effect in the two
experiments with acetone dried material It 1s also possible
that the yield of hormone from fresh material can 1n fact be
much greater than that from acetone dried glands Tihus
pomnt will be examined when more fresh glands are available
Fmally the posstbihity of error in the assay must be dmtted
A careful examination of all of the data of the assay and of the
history of the amimals revealed no obvious exrror There was
unfortunately no opportunity to repeat this assay A
relatively small amount of growth promoting activity was
foundin the ‘B extract and a good concentration was found
as expected m the  extract n all the experiments
The distribution of prolactin appears roughly to follow that
of growth hormone A sigmificant amount appears in extract

A very lttle n extract B and about two thirds of the
total in extract C
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Tinally, 1t 15 nated that a sigmficant wmount of ACTH
appears mextract * A” The B> and “C’ extracts contam
wddition 1l sy il amounts of this activity st low eoncentration

In cach of these evpertments, a fourth (D"} extract was
prepared  Tor expertments @y and f the gland residue was
extracted in ¢ 1~ HCl at xoom temperature for 24 hours and
the extract was fractionated with sodrum chlonde at pH & as
alrerdy desenibed  In the expcnment g, the readue was
extracted with aJhalme ethanol according to the method of
Bates and Riddle (1935) for prolactin, a smgle friction was

Table VIIL

HORMONAL ACTIVITIFS DERIVED FROM A FOURTH FXTRACTION OF HUMAN
PITUITAIIES WITH (1) X HCl OR {11) ALKALINE GO PER CEVT ETNIANOL
(rezeact D)

a o !
Fraction DA
Grawth hormone unitsymg ¢ 54 — 0 10
unts/hy 1810 - 630
Frolactin wnitsjmg 08 15 D
unitsfkg 2200 5500 o
Fraction DB
ACTH unts/mg 10 - 10
units/lg - 200 — 2900

{Symbols ps in Table ¥ }

Tora,and f fraction DA s precipitated at pYL 9 12 per cent saturation with
NaCl fraction DB the precipitate at 96 per cent saturation withNaCl Tora,
feaction DA is precipitated from 83 per cent ethano) pH v 5

obtamed from the extract at pII 5 5 and 83 per cent ethanol
A summary of the activitics found n these D ' extracts is
presented m Table VIIT A small amount of growth promot
g activity 13 present in the aad extracts Simlarly, pro
Jnctin was present both m the acid extract of one expen
ment (2,) ind 1n the alkalme ethanol extraet of expeniment a,
The final acad extract of the fresh glands appeared to contam
hittle growth activity and no prolactin The fraction obtained
from the seid extract at pil 8 and 96 per cent saturation with
sodmm chlonde contaned ACTT ot o concentration of 1 nmt
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per mg More than half of the total ACTH 1s present in this
fraction

This method of fractional extraction which Ells (1960}
has found works so well with fresh whole piturtaries from
sheep ox and pig does not yield the same distrtbution of
activities with erther fresh or acetone dried human pituitanes
Both ACTH and prolactin appear m sigmficant amounts mn
one or another of the first three extracts LH appears mamly
mextract A’ ratherthanin B  and1tisnot concentrated
favourably 1n either extract Growth hormone appears m
high proportion 1n the first water extract at pH 5 5 mstead
of being concentrated n the C extract TSH and FSH
are the only two activities that appear to be distnbuted as
Ells found them 1n the glands of other species The indicated
FSH actrvity 1s lugh much higher than that found 1n the
glands of other species of ammals It 1s however of the
same order as that reported by Steelman Segaloff and Mays
(1958) m their preparation of gonadotropmns from human
pitutanes

This procedure falls far short of the 1deal of a convement
separation of every major activity in good yield Ve are now
trymng to modify the method mamly to concentrate the
growth hormone 1n one fraction Qur first attempt involved
extracting an acetone powder of the glands first with 0 25
31 ammomum sulphate at pH 4 and then with 0 25 ar ammeon
m sulphate at pH 7 5 The growth hormone activity was
distributed as before in both extracts It was mteresting to
note however that both TSH wnd LH were found in the first
extract in higher concentration and greater total amount than
m any previous experiment The data are summarzed m
Table I\ Experimental work on this problem 1s stall bemg
carried on

Although the observations on each extract are not as com
plete as one would like the fairly exhiustive extraction of
several small lots of glands allows us to make a rough estimate
of the total amounts of each activity that may be found m the
human pitwitary These estimates are presented 1n Table X
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Table IX
MODIFIED FRACTIONAL EXTRACTION OF UUMAN PITLITARIES
e " 7sil
unus{mg unitafkg unisjmg umls!l\g‘ unisjmg  unitsfhy
Fxtract X 063 10 600 02 3300 oz 330
Fxtract B 0 47 4 980 (L1 9 202 ©0u "2

A 0 2o m ammonium sulphate pH 4 0 B 0 2s M ammonium sul
phate pli7 .

Table X
ESTIMATED TOTAL FROM HUMAN
Unrats per kg fresh wei,ht
Growth hormone 12000 (17 800)*
Erolactm 49 000
FsH 14 000
[#14 2700
TS 1700
ACTH 6 60D

# Figure n parenthenes inclades high estimate from fresh pitultart & (Table ¥

Tt 15 gratifying to find a good even 1n some nstances a hugher
than ordinary amount, of all the activitiesin human pitwtanes
colleeted at autopsy and preserved under not always favour
able conditions  This makes worth wiule the attempt to
separate all of the actrvtties in good yield so that the studies
which have so far been made possible on human growth
hormont and I'SH can be extended to the other active pnn
erples of the human pitwitary

Summary
Attempts hate been made to dewise methods for the
fractionation of human pitwitaries wiich will permit the
ceonomueal separation and the 1solation or concentration of
oll of the active pnnuiples of the antenor lobe It 1s shown
that the method of Wilhelm: Tishman and Russell {1048}
fals of tins purpose  Trials of o method of frectional extrac
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tion apphed successfully by Elhs {1960) to bovine ovine and
porcine piturtaries reveal that the procedure does not suceeed
as well wmaith human pitwitaries It does however give promise
that an efficient general method of fractionation of human
pituitaries can be evolved since the yields of the six major
hormones of the anterior lobe are satisfactortly high
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Table IX
VODIFIED FRACTIONAL LXTRACTION OF HUMAN PITUITARIES
GH LH s
~ ——
umisimg umisfhg wnusimg umusjh, unisjmg umisfhy
Extract A 0 63 10 600 02 3360 02 3360
Extract B 047 4 980 0 02 212 002 212

A 0 2 »ammonwum sulphate pH4 0 B 0 25 y ammonium sul
phate pHl 7 5
Table X
LISTIMATED TOTAL ACTIVITIES EXTRACTED FROM ITUMAN PITUITARIES

Units per hg fresh wer it

Growth hormone 12 000 (17 800)*
Prolactin 49 000
FSH 14 000
LH 2 300
TSH 1700
ACTH 6 600

Figure In parentheses Includes high estimate from fresh pltultarfes (Table V)

It s gratifying to find a good even in some instances a higher
than ordinary amount of all the activities in human priuttaries
collected at autopsy and preserved under not always favour
able conditions This makes worth while the attempt to
separate all of the activrties in good yield so that the studies
which have so far been made possible on human grovth
hormone and FSH can be extended to the other active prin
ciples of the human pituitary

Summary
Attempts have been made to devise methods for the
fractionation of human pitwntartes whieh will permit the
economical separation and the 1solation or concentration of
all of the active prineiples of the anterior lobe It 1s shown
that the method of Wilhelmi Fishman and Russell (1948}
fails of this purpose Trials of a method of fractional extrac
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tion applied successfully by Elhs (1960) to bovine ovine and
porcine prtwtaries reveal that the procedure does not succeed
as well with human pitwitaries It does however, give promise
that an efficient general method of fractionation of human
pituitaries can be evolved since the yields of the six major
hormones of the antertor lobe are satisfactornly mgh

Acknowledgments

The author 1s grateful to Drs E Rasen L Forbes D Ayer J
Godwin H Gershberg D Bergenstal J C Beck § Fajans and E
Sobel who have collected and supplied the pitwitaries used in this work
To Miss Mary Lomse Willeox special thanks are due for skilful techmeal
assistance Drs § Elis J H U Brown and F Ulvedal and Miss
Bertie Shell gave and ble help 1n the b

The il dard used was the NIH SP1 distn
buted by the Endocrmology Study Section National Institutes of
Health

REFERENCES

Bares R W _and RiopLe O (1035) J pharmacol exp Ther 55 365

Beck J C McGarry E E Dyrenvurta I and Vennine E H
(1957) Science 125 884

Bonsyes R W and Warre A (1940) Endocrinology 26 990

Erus § (1958) J bwl Chem 233 6

Erus § (1960) In preparatxon

Erss S and Porrer J (1957) Fed Proc 16 34

Fevorn H L Lee M Hissw F L and Conn E J (1940) Lndo
erinology 26 999

KwosiL E and Greer R O (1959) Recent Progr Hormone Res 15 1

hrosi E Wowr R € Gerer R O and Witmenanr A E (1%7)
Endocrinoloy 60 166

Lawsere B A (1953) Acta med scand suppl 279

Lewtss U J and Bring N G (1958) J Amer chem Soc 80 4429

Lt C X (1952) Acta endocr (Rbk) 10 25,

L‘l C M (1955) J bl Chem 211 555

CH Evans H M and Snesox M E (1015) J bl Chem

159 853

Lr C H and Parxorr H (1956) Seience 124 1293

M.ut;ow Sureson M E and Evans H M (1912) Endocrinolo,y

1

HapeN M § (1857) Science 125 883

RascN M S (1959) Recent Progr Hormone Res 15 7

Raven M S and Westrmoain V W (1951) Pmc Soc exp Dol
(VY ) 78 550

Rmpte O Bares R W and Dygsnory § W (1933) Amer J
Physol 105 191



12 Avrrep B WilneLm

Russets J A and Wiunmiaa A E (1608) Ann Rev Physiol 20 43

Savers M A Savems G and Woopsuny L A (1048) Ends
crinology 42 879

Suorzr L, Carrer A € Swrrr R ¥ Jr hensepy B J HAvEL
R J Rovrrrs T N Sovgiy L L and Livingstoxe E T
(1935) In Hypophsseal Growth Xormone Nature and Actions
P 522 eds Smuth R W Jr, Gaebler O  osndLong C N H
New York MeGraw Hill

Sreersran 8 T and Ponwes U M (1903} Endocrunology 53 604

Str1yaN § L Scearor? A and Maxs M G (1008) Arch B
chem T8 2u2

Vanresa A T (1055) Jr Hypophyseal Growth Hormone Nature
and Actions p 59 eds Smith ' W Jr Gaebler O H and
Long € N M New York McGraw il

Wiprisnn A L Fisevan § B and Russewr J A (1848) J bl
Chem 176 735

DISCUSSION

Loraie s there any sigmficant deviation from parallelism i
any of these assays or are the slope differences isigmificant ?

1Valkelm: The parallehism s verv good except in one instance 1€
when there 15 an oy erwhdmng amount of YSH present mn the pre
paration_then the slope falls and the test curve 1 no Jonger parallel
to the unknown But there has to be 1 ery large preponderance and
the method 15 50 sensitn e that one can use quite small doses and
usually avord tlus effect

Loraine Is the method you mention more sensitwe than the
ventral prostatic weight test in hypophysectomized rats 7

¥ ddkelme Yes, Dr Llis obtmins measurable tesponse with Jess
than 1 pg of standard—the standard 1s the Armour LI 227-8¢
preparation

Foraine Are you satisfied that the techmque described Ly Steel
man and Pohley {1953 loc at )13 ndecd specific for FSH actiity ?
Have vou compared resuits by this method with those obtamed by
the technique desenibed by Evans and us co workers and depending
on foliculer development mn the ovaries of hypophy sectomized 1
mature female rats (Cvans XI M Sumpson’ M'E  Tolksdorf §
and Jensen M (1939)  Fndoertnology 25 529)7

Wedhelm: In any method of measurning gonadotropin there are
chistinet himts to one s satisfaction It 1s quite possible that where,
for example ns i the cnse of the human piurtary and s crude
fractions of the extracts there s also present a sigmficant amount of
LY which 1s added to the chonome gonadotropin base thus changes
the charncter of the response so that some of our estimates of FoII
activity 1 these crude systers are undoubtedly kugh However of
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we go on fractionating these extracts we can then separate these
activities Jargely and account for a sigmficant proportion of the
mitially observed FSH actnity m the dertved fraction  Thus makes
me a httle more confident that we have not got a gross exaggeration
of response 1n the assay S dly with refe to a1t
with other methods we have not done that
eben  Prof Wwilhelm: jyour estunate of the growth hormone

content of the human pitwtary seems to be a mimmal one because
one can easily obtain 5 per cent of the dry weight as grow th hormone
and there 1s some 10ss 1n the process  1would have guessed that there
15 more there

W alhelmy This was in terms of 12 g [hg of fresh weight which
works out roughly at 60 g fhg of acetone dned weight that s about
6 per cent of the dry weight Tins 15 the same order as you have
recorded before

As to the potency of the fractions these activities too are m
bovineunits This 15 my speculation we have two hormones mn the
molecular ratio of 25 000 47 000 1f one were to argue that thereis
ope achive umit per molecule then the relative potencies of two
perfectly pure preparations all other factors being equal would be
n mverse ratio to the molecular weights so that a molecule of pun
fied human growth hormone should be 1 7 times as active as the
bovine standard This means that the estimated quantities of hor
mone m the gland are nearly twice the actual quantity in the gland
which comes closer to reason I do not hnow if that 1s a lemtimate
speculation about the unit actinty per molecule and about the
expected molecular weight ratios but i our most punfied prepara
tions we approached these ratios n the growth assay Prof Li
s reports on activity has never mentioned this Have you ob
served that Prof 117

L+ Yourfigure Prof Wilhelm 1s a Little higher than my estimate
Dr Gemzell and I published an estimate of the content of growth
hormone m a single human pituitary armied at by physicochemical
means as well as by bioassay (Gemzell C A and Ly ( H (1957)
J chn Endocr 28149) Our estimate was on the average 5 my g
In recent exp 1n which 1 { methods were used
this previous value was confirmed (Lt C H Moudgal! N R and
Papkoff M (1960) J biol Chem 1n press) Agun an average of
approumately 5 mg [¢ was reported Thus Ifeel that the estimates
of 12 mg [g reported by Prof Wilhelmi and of 20 mg /g reported
by Dr Raben are somewhat too hugh

Halhelmr The mmmunological method will probably estimate
human growth hormone 1n 1ts own terms and then 1f vou cut my
figure in half we are 1n agreement but 1n bovine umts this is a hittie
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DISCUSSION

Loraine Is there amy sigruficant deviation from parallehsm
20y of these aseays o are the slope differences msignaficant ?

¥ ethelper The parallebsm 1s very good except i one mstance 1€
when there 15 an overwhelming amount of FSH present in the pre
paration then the slope falls and the test curte ss no longer parallel
$o the unhnown But there has to be a very large preponderanee and
the method s so sensibne that one can use quite small doses and
usuallv avord this effect

Lorame Ty the method you mention more sensitve than the
ventral prostatic wey ht test in hvpophysectomuzed rats ?

Walkelm Yes Dr Tlhs obtuns measurnble response with Iess
than 1 pg of standard —the standard s the Armour L 227-80
preparation

Loraine_Are you satisfied that the teehmque deseribed by Steel
man and Pobley (1953 loc ext ) 1s mdeed speasfic for FSIL actisaty
Have you compared results by this metbod with those obtamned by
the techmque described by Lvans and his co-warkers and depending
on fallicular development m the ovames of hypophysectomized 1
mature female rats (Cvans I M Smmpson M E  Tolhsdorf, S
and Jensen ¥ (1939)  Endocrinology 25 +29) 2

T alhebn: In anv method of measunng gonadotropin there are
istinct himits to one s satisfaction 1t 15 quite possible that where
for example as i the case of the human pitwtary and n crude
frachions of the extracts there s also present a sygmficant amount of
I H which 1s added to the chonome gonndotropin base this changes
the character of the respanse, so that some of our estumates of FSH
activity 1n these crude systems are undoubtedly hugh However of
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differences were present (Gaddum J H (1955) In Polypeptides
which Stimulate Plan Muscle p 153 Edinburgh Iivingstone)

Thalhelme T think that 1s something we must do

L1 We have compared the results of the tibia test with those of
the immunological test (although not with those of the weight gamn
test) The two methods were 1n goos

Prof Wilhelmu what 1s your estimate of the activity of the lacto
genic hormone in the human pitwtary ?

Tralhelmy 49 000 unitsfhg fresh weight

L1 Would you assume that this would represent about 25 umtsf
mg snce 1t 1s highly purified matertal ? Then you have about 2 g

IFalhelmy Tt1s 2 g fhy of fresh weight It agrees remarkably well
with an estimate that Prof Young with Chance and Rowlands made
a very long time ago {Chance M R A Rowlands I W, and
Young ¥ G (1939) J Endocr 1 239)

Lz Does that mean that Prof Young and Prof Wilhelm agree
that the active punfied fraction of prolactin m the human has a
specific activity of perhaps about 25 unmits/mg ?

Wilhelmy On the basis of our present assay 1t would be something
hike 20-30 umts/mg
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nearer to what wesee Secondly a very mnteresting question anses
the hiia test 1f one 13 to believe the observation that effects of
grow th hormone directly say on sulphur uptahe in the eartilage are
not obtamed with growth hormone 11t vitro, may be an mdireet test
of growth hormone actriity QOne wonders if 1t grves & maximal
effect as compared to the weight gamn test  Have y ou ever seen what
one might call the expected ratio of potencies of pure human as
opposed to pure bosine growth hormone ? It 1s about 1 71 1
rechoned by other arguments

L The assay method based on the body growth m hypophy
sectormzed ammals 15 not I fee] very useful for human grosih
hormone  We have found that when one injeets human growth
hormone mto 28 day old hypophysectomized rats once daly for
10 days the weight gam ehicited by the grow th hormone will begin
to dechne toward the end of that interval and indeed after 100r13
days of mnjection no matter how large » dose 1s given the anmals
become entirely resistant to both human and monkey growth hor
mone (It C H Paphoff H and Jordan C W (1950) Proc Soc
exp Dol (NV) 100 44} For these pumate hormones we feel
that the body growth measured by the weight gan m hypophy
sectomized ansmals within 10 days may furmsh an estinate of anly
the lowest homt of the growth hormone effect and after 10 daysitss
of absolutely no use because of this platenming of effect

Wahelmy T do not agree with you shout the development of
resistance Ve re using Sprague Dawley rats and mn these the re
sistance does not appear to develop so rapidly In every instance we
mahe sure that an the assay the slope and the parallelism are satis
factory Occasionally we see mn some rats that with monhey and
human growth hormone the test substance gives a slope markedly
different from the standard but m most mstances they agree very
well However you cannot use hypaphy sectomuzed rats that have
been guven monhey ot human growth hormone 1n a sccond assay
the response will be n1l - But you can still get effectss e response with
bovine or pig growth I The q of 15 & real
one but I still prefer the weight gain test in the arsmal where it 1s
possible to do it and exercise appropriate control of the slope of the
Tesponse

Loraine 1 wonder if esther Prof 1a or Prof Walbelm has per
formed an expenment n which the same extract was assayed for
growth hormone actvity by different methods For example hase
any compansons been made between the tibial test and the immuno-
Iomeal method or between the unmunolomes! method and the body
saight method ? In this wny it sould be possible to ealeulate the
ndex of d son and to d whether or not qualitatne
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STUDIES ON HUMAN PITUITARY GROWTH
AND GONADOTROPIC HORMONES

Cronn Hao Lx

Hormone Rescarch Laboratory Unversity of California Berl cley

Tr was demonstrated as earlv as twenty years sgo that
bovine and ovne lactogeme hormone preparations differ wth
respect to ther tyrosine content (Li, Lvons and Fyans, 1940)
angd their solubility behaviour (L1, Lvons and Evans, 1941}
That a protem hormone prepared from one spectes may not be
1dentical with the same hormone solated from another species
was Jater confirmed by nvestigations on ovine and poreine
gonadotropms (Chow 1942, Van Dyhe, Pan and Shediovsk,
1950) It was thercfore not surprising when in 1956 human
growth hormone was found to possess physicochemical
charactenstics that are marhedly different from the growth
hormone 1solated from beef glands (L1 and Paphoff 1856)
There are now growth hormone preparations from wx dif
ferent species namelv beef sheep whale, pig, monhev and
man that can be obtamed m a huigh degrec of punty for
physicochemenl studies  Table I summartzes some of the
relevint data * which indicate that even the hormone pre
parations obtuned from speetes as closely related 1s man and
monkey are not wdentieal  The present report deals onhv with
vestigations on human pitmtary growth and gonadotropc
hormones currently being earned out in this Inboratory, and
15 not 1ntended to be o thorough review of the field nor to
cover the hiterature

» The dats for the poreine growth hormone hins e not been published before

off and 14 tnpublished work hawever 1t was reported fn July 10,9

Paph
5:! tgxe Gordon Conference on Proteins and Nuelesc Acids)
46
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Growth-promeoting activity of human growth hormone
on experimental animals

Before the growth promoting activity of human growth
hormone (HGH) in hypophysectomized rats and mice 15 dis
cussed, 1t 18 important to establish that the preparation 1s
free from contammation with other active components By
standard bioassav methods for the detection of thyrotropin
(TSH) and adrenocorticotropin {ACTH), the preparation was
found to contamn less than 0 8 USP umts of ACTH and
approximately 0 02 US P umts of TSH per mg of the hor
mone protemn (Table 1) That the preparation 1s almost

Table IT
B10AsSAY OF HUMAN GROWTH HORMONE FOR
AND

Contaminating actunties US P umifmg

Th e S +
L 27828 008 <03
T 2798B o 018
L 274G 0 935

e arp indebled to Dr R W Dates of the National Instltutes of Health for thess valuer

the wsay was earried out by the method of Bates and Comtield (1955)

4 We'are indebted to Dr 8 W Klers of the Wilson Laborataries
carried out by the U S P (ntravenous ACTH assay method

entirely frec from these two hormones as well as from any
gonadotropins was confirmed by hustological examination of
the endocrine organs 1n hypophysectomized rats which had
been njected with a total dose of 0 5 mg of HGH over a
penod of 8 days (Table ITT)

The results of bioassay of the growth promoting activity of
HGH 1n hypophysectormized rats by the tibia test (Greenspan
et al 1949) can be seen in Takble IV A straight lme relation
ship mas evident from a plot of the dosc response cune
according to the equation

W=425log D184 &
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to the tibia 1s caleulated 1n accordance with this equation to
be 185 What the significanee of this number may be remams
to be investigated, the salient fact here 15 that the adherence
to linearity on the part of the assay data obtamed for HGH by
the tibia test when the relationship of dose to response 1s
plotted according to Stetten s equation 1mplics that bmding
of the hormone on to the active site or sites on the target
organ 1n thus instance the tibial cartilage by some mechanism

Effec! of Human Growth Hormone on the Titia
b . Widih of Hypophysectomized Rats
I~ o
5 fHT] re ponse = increment in
3 the tbia width
43
[:4
~
o 1ok
@
Q
Q
5 o
k] H X H._s00+0007H
= 051 ° e a
= Q = fotal no binding svles =135
L
= ° L L
z 150 200

25 106
[H] Totol Dose, pg

Fic 1 Dose response curve of HGII according to the
tibia test in hypophysectomized rats (for the data see
Table IV)

(such as a key-keyhole or enzyme—substrate attachment) 1s
necessary for the biological activity to be exercised

Human growth hormone has also been shown to be active
1n hypophy d mice ding to the tibia test (Table
V) {Lostroh and L1 1957b) when the assay data are compared
with those obtamed for the bovine growth hormone (Lostroh
and T1 19574) no differences in capacity to stmulate tibial

width are observed between the hormones from the two
species
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Table IV

BIOASSAY BY TUP TIBIA TEST OF GROWII DORMONE JSOLATED
FROM HUMAN LITUITARY GLANDS

W edth of tibial eptphysial cartlage plate

%‘alal Ao of
ose ral3 Mean 4 st Dwiro?éz {rom
wg miera mcrs
] 10 157 £2 °
5 18 218 4 8 56
20 16 238 4 4 Lad
40 24 216 23 89
70 7 261 + 8 103
100 ] 280 4 1 123
200 8 201 42 133

where IV 15 the wadth of tibial epiphysial cartilage m micra
and D the total dose in micrograms It 15 of mterest that
when the total dose was plotted agamst the ratio of total
dose to response a straight hine relationship was also ob
served (Fig 1) an equation expressing this relationship of
dase to dose response m connexion with the biologienl effect
of o hormone was recentlv proposed by Stetten (1956) as

y X {H]
=gt e

where [H] represents the level of arculating hormone, &
quantity which 1s drrectly proportional to the total dose of
the hormone admunistered {17} 1s the number of sites at
which a hormone attaches itself on to o target organ a quant

sty which 15 directly proportional to the response* @ 1s the
total number of binding sites avadable for such attachment,
and K s the equiibrium constant given by the expression
K = (H} {TYHT] m wlach {T] 15 the total number of avad

nble sttes not occupred Y rom the slope of the curven Fig 1
the total number of sites at which the hormone is bound on

» For the tibia test the response Is defined as increment in the tibial width
over the control
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Table V
TRE TIBIsL OF THE HYP( Foyare C3H
MOUSE TO GROWTH HORMONE FROM HUMAN PITUITARIES
Body wewhts
Daly  Noof BT wamofnna
dose ammals*  Dayof  Day of first At rpnphym;‘l’l
operation  njection  aulopsy ~ “4THGC Plote
BE 4 g g micra
] 10 18 12 5 145 58 0411%
1 8 16 13 14 87030
5 7 17 18 16 M9 8£35
10 7 16 13 155 128 6£31

All animals hypophysectom! ed at 35 days of age and sacrificed st € days Injections
bequp 8t 47 days of age and contiaved for 17 days
ean

The growth promoting actiity of HGH has also been
determined by the eniterton of increment 1 body weight of
hypophy sectomized rats In a 10 day test a daly dose of
0 005 mg of HGH produces an mcrement of 12 2 g 1 body
weight over that of the controls (Table VI) however, if the

Table VI
BI0ASSAY OF RUMAN GROWTH HORMONE ACCORDING TO RODY WERIGHT
IENT IN ITYPORIY RATS

Body weight (mean + 5.2 )

No of

Dasly dose —
rats* Gain sn
Onset Final 10 days
74 z g
[ 8 704£18 721421 18
5 T 721426 89432 18 8
20 7 6990+18 820+20 1

Hypophysectamized female rata { 8 davs old at operation) wers tnjected Intraperitoneally
with0°8 ml of sofution once daily for 10 daya beglaning on the fourteenth postoperative day

njections were contmued for a longer interval the anmmals
hecame resistant to the hormonal effect  This 1s also true of
monhey growth hormone In contrast whale and bovine
growth hormones were found to be capable of promoting &
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continuous gain m body weight for as long as 90 days (L1,
Paphoff and Jordan, 1959) This difference in biologreal
hehaviour between the primate growth hormones on the one
hand and the bovine or whale growth hormones on the other
may be due to their differences i antigemerty, for 1t has been
shown that human growth hormone 15 a far better antigen
than 1s the hormone from beef glands (Hayashida and La
1959)

Immunological behaviour of HGH (With R Moudgal, H
Papkoff and T Hayashida)

Earlier immunological studies conducted with bovine
{Hayashida and L1 1958az) and human (Hayashida and Ia
1958b) growth hormones demonstrated that the protemn
hormone forms antibodies speeific to the species as evidenced
by results of precipitin rmg tests with rabbit antiseram and
anaphylactic shock experiments in guinea pigs It has been
further demonstrated in hypophysectormzed rats that the
rabbit antiserum possesses specific anti hormone activity
In addition the immunological homogeneity of the rabbit
antiserum to human growth hormone has now been indicated
by agar gel diffusion tests performed by the OQuchterlony
technique (Fig 2) Tt 1s interesting that not only the human
growth hormone but also the monkey growth hormone gave a
single continucus reaction line with the antiserum to human
growth hormone mdicating & ‘reaction of 1dentity’ on the
part of the pnimate hormones (Fig 3)

We have recently obtamed a punified gamma globulin pre
paration from rabbit antiserum to human growth hormone
by means of a modification of the rivanol procedure (Hore)st
and Smetana 1956) and as expected antibodies to human
growth hormone were concentrated n the gamma globulin
‘With the gamma globulin used as the antibody quantitatve
precpitin tests were performed on human and monkey
growth hormones It was noted that the hormones from both
species had equivalence pownts at 70 ug when 6 mg of gamma
globulin contaiming antibody were employed but the ratios
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of antibody to antigen were different for each of these twe
protems (Fig 4) This difference 1s not surprising in view of
their differing phy sicochemical properties, as shown in Table]

In addition, we have estimated the grow th hormone content
1n & smgle human pitmtary on the basis of this quantitatise

Precipihin Curve of HGH and MGH

}, Using y Globulin lsolated
from HGH ontiserum
¥ Globulin concentration-
6 mg /1ube
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¥ Equivatence pomnt
o—o HGH
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<]

— MGH

o
S

B0 140 160 200
Antigen, ug
F1o 4 Quantitatise preeipitin tests of HGII
and monkey growth hormone (MGII) with
goamma globulin prepared from rabbit snti
serum to HGH

preopitin eurve obtaned from the reaction of the gamma
globulin with the punfied human growth hormone In a
typical experiment one pifuitary (648 mg ) was homogemzed
0 o Warmng Blendor with 50 m] of cold distilled water for 2
munutes The mixture was transfured to s besher the pH
was adjusted to 10 5 and the solution was stirred at 0° for
1 hour After centrnfugation the clear supernatant flud




Fic > Interaction of anpserum (&)%) to HGII
ith crude human pitaitary extra t (HPF) as
determined by the Ouehterlony test
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of antibody te antigen were different for each of these two
protans (Fig 4) Thus difference 15 not surpnising n view of
their daffermg physicochemical properties, 55 shown yn Tablel

In addition, we have estimated the growth hormone content
m & single human pituitary on the basis of this quantitatise

Pre ioitin Surve of HGH ond MGH
Using y Globufin fsolated
fram HGH onts erum

¥ Giabulin concentration
& mg /ube
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Fie 4 Quantitatise precipitin tests of HGIL

and monkey prowth hormaone (MGIf) with

gamma globubin prepared from rabbit ant
serum ta IGH

preeipitin curse obtamned from the reaction of the gomma
globulin with the punfied human growth hormone In o
typical experiment one prtwitary (643 mg ) was homagenized
in & Wanng Blendor with 50 ml of eold distilled water for 2
smnutes The micture was transferred to o beaher the pH
was adjusted to 10 5 and the solution was stirred at 0° for
1 hour After centnfugation, the clesr supernstant Siud
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was diluted to make a final volume of 106 ml, and the pH
was adjusted to 7 0 Varving amounts of the extract were
allowed to react with the gamma globulin the precipitates
were analysed and the results nwere compared with the «bove
punfied human growth hormone precipitin curve It was
estimated that the extract from a single human pitmtary
contamed 5 mg of gronth hormone an estimate which 15 m
good agreement with the value previously reported (Gemzell
and La 1958)

Finally, e have employed the immunclogical method to
elucidate the question of identity between the 1solated human
growth hormone and the hormone as 1t ewxsts in its crude
state An agar gel diffusion test was carried out according to
the Ouchterlony procedure, with tnangular wells One well
contamed 0 3 mi of antiserum to rabbit growth hormone
the other two wells contained the antigens namely 0 2 ml
of human growth hormone (10 pg ) and 0 2 mi of the crude
pibaitary extract (Hayastuda and L1 1959) A single reaction
line appeared between the well contaming the antiserum and
each of the wells contaimng the two antigens (Fig 5) suggest
mg a homogeneous antigen antibody system in both mmstances
Moreover the complete fusion of these two lines suggests that
there 15 1n the crude human pitmtrry extract a substance
which 1s logically indistingwshable from the 1solated
human growth hormone

Punfication of human pitnitary follicle stimulating
hormone (With Ute Groschel)

From a CaO extract of acetone dried lyophihzed or frozen
human pituitary glands * a procedure has been developed for
the punfication of growth hormone prolactin § follicle
stimulating hormone (FSH) and mterstitial cell stimulating

* For  high yield of growth hormene frozen glands are preferable Acetone
;i“ncd Pruitgries give the lowest yield of both growih and gonadatropie hor
ones

1 The punfication and properties of profactin from human pitwitary glands
wiil be reported :\uwmxep s ey glan






Hunan Prrurrary GH Avp ConaDOTROPINS 57
Table VII

YIELD AND POTENCY OF FRACTIONS OBTAINED FROM
PURIFICATION PROCEDURE OF MUMAN FSII

Frachon Neaht Procedure Activnty
g unitsjmg
A 10 000 Lyophilized whole
gland
s 2.0 {NI1,),S0,
fractionation 0
G 80 lumn
electrophoresis 30
H 2. DEAE cellulose
chromatography 100

biologieal activity ean be achieved with the FSH fraction
SIT used as starting material An average yield of 25 mg of
Iughly purified FSH (fraction H) can be obtmined from 10 g
of lyophihized human pituitaries this preparation appeared

I
3
T

s

o

Ophicol Density ot 278 mu

50 00 30 200
Volume of Effluent,m!
Fio 7 Chromatography of human FSII fraction I (47
mg )on DFAT cellulose equilibrated with0 013 K,I1PO,
to be chr phically h
column (Fig 7)
FSH (fraction H) has been assayed 1 graded doses by the
augmentation test the data may be expressed by the cqua
o

g on a DEAE ecllul

A=206+4+81D
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hormone (ICSH) concentrates (Fyg 6) The 1solation of
growth hormone (L1 and Paploff 1956, Ly, 1957) and the
partial punification of FSH (In 1958) have already been
described

Frozen 1yophilized or acetone dried human pitwtaries

]
Ca0 solub}e Ca0 insoluble
!
10 31 (NEL),S04 1 931 (NIL,),50,
precipitate soluble
(FSH concentrate)

|
PH 2 1.0 45 (NH)SO,  PHE 1-0 o (mx.'),so,
insofuble soluble

{lactogemc hormone
concentrate)

i t
IRC 50 resin IRC 56 resm
unadsotbed matenal adsorbed material
(ICSH concentrate) (growth hormone cancentrate)

Fic 6 A scheme for the fhuman pituitary

The further purification of FSH can be chieved by sub
mitting FSH fraction SII to column electrophoresis n &
0 1 3 NaHCO, Na CO, buffer of pII 8 ¢ with ethanolized
cellulose as the mert support {Flodin and Kuphe 1956
Porath 1956) The active fraction obtaned by this column
electrophorests was then applied on to a column contaming
diethy laminoethy)l (DEAE) cellulose {equilibrated with 0 01
M K.HPO,) and stepwise elution was performed with 0 05 M
0 10 2 and 0 20 y <olutions of the phosphate buffer The
FSH activity® was located i the 0 05 ar eluate  Table VII
summanzes the steps 1n the punfication of the I'SH and gries
the yield and potency of each fraction a tenfold mcrease

« "The assay method based on the augmentation of ovanan welght effected
by FSH in combimation with human chorianic gunadatropin (1ICG) In lntact

ts was used for ing the follicle tency an
r;ohlr) 1033 Li 19.8) A vmt of Full acthvity 1s de&\atd ay that dose which

elicits aa increase in ovarian weight of 100 per cent over the 1ICG contral
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then submitted to electrophoretic fractiontion on a cellulose
column the peak with the lower moblity (designated fraction
HB) contained the bulk of the ICSH activity  Further pun

fication of fraction HB was acluesed by chromatogriphy on
an Amberlite TRC 50 resin column  For this resin column
chromatography 119 mg of fraction HB were submitted to
chromatography on & column contaimng 100 mi of IRC 50
resin equilibrated with 0 2 v potasstum phosphate buffer of

18
3 18
E
o 14
R
o 12}
B ol 62
>
% o8l
<
$
O o6l 6y
o4
So2
<

a0 100 120
Tube Number
Fis 8 Chmumgmphy of human JCSH fraction B (110
mg) on IRC-50 re n equlibrated with 0 2 m phosphate
buﬂ:r of pIl 5 51 Fluuon with0 2 pl\osphs!e buffer of pil
G 90 begun at Tube No 1€ 3 ml per tube

PH 5 51 Elution was performed with 0 2 3 phosphate buffer
of pH 6 90 (Fig 8) 3t was found that the bulk of the ICSH
activity was eluted from Tubes 8085 The contcnts of these
tubes were then combmned dialysed and Iyophihzed The
yophilized produet (17 mg) designated fraction HC was
punfied human ICSH which then \\ as sub]ected to 1arous
analyses for biological and pt 100
Table VIII summanizes the yeld and estimated ICSH po
teney of fractions obtained from each step i the punfication
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1n which 4 15 the ovanan weight 1n mg and D the total dose
In micrograms

When FSH fraction H was injected into hypophysectom
1zed rats, 1t was apparent that 1t was not completely free from
contarmnation with ICSH, as evidenced by its effect on uterine
weight in female rats and on ventral prostate weight m male
rats From the latter data, the estimated amount of contam:
nating ICSH activity present mn fraction H 1s of the order of
11 per cent This estimnte rests upon two assumptions, that
human FSH does not possess any mtrinsic mterstitial cell
stimulating activity, and that the biological activaty of pure
ICSH does not differ 1n any sigmficant aspect from that of the
highly punfied hormone, fraction HC, whose preparation 1s
described below

Purification and properties of human IGSH (With
P G Squire)

When at one step of the isclation of growth hormone from
human pitwitaries an ammonum sulphate precipitate was
submtted to chromatography on an Amberlite IRC 50 resin
column the hypophysial ICSH activity * vas found to yeside
in the material that passsed through the column unadsorbed
From an orginal 10 g of Iy ophilized human pitwitary glands
150 mg of matenial were obtamed, this matenal was desig
nated fraction U (see Fig 6) Fraction U was further purified
asfollows a0 3 per cent solution of the fraction was carefully
adjusted to pHL 4 5vith0 1 3 HCI The resulting precipstate
contammng hittle activity wasremoved by eentrifugation  The
clear supernatant flmd was brought to 2 0 » (NI,),50, by
the addition of an equal volume of saturated ammonium sul
phatesolution The precipitate that formed was dissolved di
alysed and lyophilized From 150 mg of fraction U, 95 mg of
purified ICSH fraction HA were obtained Fraction HA wias

* The imnterstitinl-cell stimulating activity of the various fractiony was
nssayed by the ventrnl prostate test (Greep Van Dyke and Chow 1041)In rats
of the Long Lyans strain {Lostroh Squire and Li” 10.8) A umt of ICSH is
delined as the amount of ICSH that wil] elell 8 mean yentral prostate weight
double that of a contsol group
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HC md the possibl of cont: ing FSH
actiity This was confirmed by the aug ation test
{Steclman and Pohley 1953), whereby 0 10 mg of fraction
HC was admimstered together with human choniome gonado
tropin (HCG) to 21 day old femnle rats of the Long Evans
stram  Wath this dose of punfied ICSH an mcrement
ovanan weight was observed, amounting to 15 9 mg over the
weight of the ovanes of the HICG treated controls A total
dose of 0 2mg of fractmn HC m]ected for a permd of 4 days
by the sub oute p
in the adrenals and tlwroxds of hypophysectom\zed mmature
female rats nor did it have anv effect on the width of the
tibial epiphysial cartilage plate  These data suggest that the
ICSH fraction HC 1s practically free of thyrotropie adrenocor
ticotropie and growth hormone activities
FSH fraction H and ICSH fraction HC were both subjected
to prehminary ultracentnfugational studies The sedimenta
tion pattern of ICSH showed the presence of a major compo
nent (amounting to 82 per cent) with a sedimentation co
efﬁcxent {Sspyof2 : 14 S and & mmor component with a lagher
The sed tation pattern of FSE
was more complex but 1f 1t 15 analysed as if 1t were a two
mmponent sy;tem the major component (70 per cent)
i of 1 675 Atleastin the
case of the ICSH 1t 1s entirelv possible that the rapdly
sedimenting component may anse through the formation of
polymers from monomeric unts

C ison of h 8 ropins with the ovine
hormones

The leak pownts 1¢ the respective charactenstic pH
values below which the ICSH activity 15 adsorbed on to
Amberlite IRC 50 resin above which 1t passes through the
column unadsorbed and at or very near which the protemn
leaks off as a peak followed by taiing are distinctly different
for ICSH preparations from sheep and from human pitmtar
1es 1 O 2 x phosphate bufer the *leak point * of the ovine
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Table VIII

YIELD AND POTENCY OF FRACTIONS OBTAINED FROYM
PURIFICATION PROCEDURE OF RUMAN ICSH

Fraction Xaeld Procedure etinly
mg units/mg
A 10 000 Lyophilized pituitaries
u 150 IRC-50 restn unadsorbed
obtained from growth
hormone isolation
steps g
HA 95 PH 4 5 (NFL,),S0,
fractionation 57
HB 33 Column electrophoresis 135
HC 5 IRC-50 resin chromato
graphy 210

Five milhigrams of punified ICSH were obtaned from 10 g
of Iyophilized whole human pitwitaries The effect of this
punified ICSH fraction on ventral prostate weight m hypophy
sectormzed rats summarized in Table IX, ean be evqn'essed
by the equation
P=248logD406
where D 1s the dose n milligrams Thus a dose of 3 9 ug of
fraction HC will elieit an merement 1n ventral prostate w erght
of 100 per cent over the controls
It can be noted from Table IX that the weight of the testes
was mereased significantly by a total dose of 12 ug of fraction

Table IX

BroLogteAL AcTiviTY oF ICSII FracTiovs HC
IN BYPOPAYSECTOMIZED MALE RATS

Total Mo o Ventrat
dose rnlxl prostate Testes
ug mg mg

] 8 77421 B3+ 5
3 5 124114 149 8
4 20 164£07
8 8 226424
12 5 276452 258 £ It
20 7 363440
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tion SII when mjected intramuscularly for a few days m pre
menopausal women on the day of cessation of menstruation
resulted 1n the develop t of multiple follicular cysts i the
ovary The chimeal effectss eness of human ICSH has also been
demonstrated (Bergenstal, 1958-9)

Summary

Ticl 1 T

I J and phy 1 invest
gatmns on human pituitary growth hormone, which have
recently been carried out n this laboratory, are summarized
and discussed In addition from the side fractions procured
m the course of the isolation of human pituitary growth
hormone 1t 1s reported that 1t 15 now possible to prepare
human follicle stimulating hormone (FSH) and human inter
stitial cell stimulating hormone (ICSH) m hghly punfied
form Phy h 1 and biol 1 studies of these two
gonadotropmns dertved from human pitwitary glands have
revealed differences between them and the preparations ob
tamed from sheep pituitares

X
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hormone 1slocated at pH 6 2 and that of the human hormone
at pH 5 6 Human ICSH fraction HC lso behaved quite dif
ferently from the sheep hormone 1n electrophorests on starch
(Squire and L, 1959) According to the pattern obtamed from
electrophoresis of ovine and human ICSH preparations in
0 103 n carbonate buffer of pII 8 6, the human ICSH 1s more
negatively charged than 1s the ICSH from sheep glands
‘With respect to biologieal action the human ICSH appears
to be more effective in promoting increase 1n ventral prostate
m hypophysectomized rats The slope of dose to responst
caleulated for the human ICSH fraction HC 1s more than three
times that obtained for the ovine hormone (Lostroh Squire
and Lt 1958, Squire, 1957) Itisunhhely that these differences
can be attributed to the estimated 2 per cent contamination
by FSH n the human ICSH preparation  Table 3 summarnzes
some properttes of the ICSH preparations from the two species

Table %
COMPARISON OF HUMAN AND sOEEP ICSH
1csm
Propernes
Human Sheep
Leah pomt* pll. 6 pl6 2
Sedimentation
coefficient { Sz o) 2145 2478
Isoelectric point. <pH73 pH7 3
Dose response
equationt =21 8logD4+06 Pe=~2logD-+121

Amberlite IRC 01 In equilibrated with O  t potasal 1m pt osph te buffer
+ Mal 1 ta % mh\'m(rhyv tomizeYat 1daysofng ani ul uta eo 41 jectl n Led
dayspost perati eon ed Ui for4day autopsled Sh ursalt ritel ti jecti /=¥ il
protatelnmg D=d» ¢ Iug

Although no actual comparisons hive been made between
the ovine and human I SII preparations 1t can probably beex
pected that they arc not identical proteins  In clinieal mnvestt
gations ovine FSH preparations are not potcnt m producing
follicle stimulation 1 young female subjects whereas the
human hormone 1s extremely active at low dosages (Bergen
stal 1958-9) 1nfact aslow a daily dose ns 1 mg of FSH frac
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twvity of the amimals used ? The fact that a standard preparation 1z
not being employed means that the results obtamed by the two
laboratones cannot be compared directly

Iy That 1s an interesting pomnt The Sprague Dawley stramn 1s
more sensitive than the Long Evans stramn with respect to ventral
prostate weight as influenced by ICSH

Sonenberg 1 have been interested n some further differences
between bovine and human growth hormone mn certain respects you
hase reported that bovine growth hormone cannot be reduced by a
whole series of pracedures Has this been tried with human growth
hormone with the two disulpde links?

L, No

Sonenberg One could possibly also get some mformation about
secondary structure It has been reported that urea will not de
nature growth hormone on the basis of biological activity  Has the
same thing been tried with human growth hormone ?

L1 The problem 1s that you cannot nject the urea solution into
the rat because of its igh toxieity You have to dalyse out the
ures for your assays and although the urea itself may change the
secondary or tertiarv structure removal by dialysis will cause the
strueture to return to 1ts ongmnal form For example m the case
of beef growth hormone it tahes about 10 3 urea to increase the
optical rotation from —41 to the maxumal —96 but when you
dialyse out the urea the optical rotation returns to —41  Thus 1t
has ‘ot been posuible to study the effect of secondary structure on
activ

ASon?;Lbag Then you have been able to get reduction of bovine
growth hormone ¥

L: Yes 1 the presence of 10 »f urea

Sonenberg We have had a different expenence We have been
able to inject 8 u urea with the growth hormone nto hypophy
sectormzed Sprague Dawley anmmals and have had assays 1dentical
with those obtamned with the use of non urea treated growth hor
mone The animals seem to survive the procedure This was on the
basis of a weight gam test

Have you any immunologien] evidence that the chymotrypsin
treated bovine growth hormone will respond to anything prepared in
response to human growth hormone?

Ly That 15 an interesting question The procedures for the pro-
duction of rabbit antiserum to beef growth hormone and human
growth hormone have both been pubhshed (Hayashida and L 19582
and b loc eit) In order to get a good antiserum to beef growth
hormone you need a total dose of about 80 mg whereas 1n the case
of the human growth hormone you need only 8 m, Ve take the

BOWAN PITOTTARY—3
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DISCUSSION

Walhelmy Prof L2 have youmade any obsers ations as to the dis
tribution of TSH 1n vour fractions ?

Ls We have had 2 very difficult time locating the TSI Appar
ently the TSH content 1s very low As you have estimated 1t in your
report to this colloquium 1t 1s about'1 umtfg Thus, n order to
1solate any TSH from extracts onc would have to haie o very far
amount of material to strt with

¥ tthelm:  That 1s our umpression too From the expenments
that we have tried 1t appears that esther the TSI or FSII comes out
much better if one extracts on the acid side I think the difference in
the calculation of your FSIH 3ields and ours 1s that we arc getting
about seven times as much Ve translated our own figures mto
slope units and T think from data which you reported a while ago
that v ou get approumately one milhon slope umts/hg (L1 19,8 loc
1) by our esimate 1t 1s about seven mullion slope unitsfhg

Lt Soyousuggest that the caleium oxide imsoluble fractron mught
be recoverable

¥ slhelmz Tt could be

Loraine Prof L could the discrepancy between results obtained
by you and Prof W ilhelm be due merely to vaniations in the senst
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tivity of the ammals used ? The fact that a standard preparation 1s
not being employed means that the results obtaned by the two
laboratories cannot be compared directly

Lt [hat s an interesting pomnt The Sprague Dawley straimn 15
more sensitive than the Long Evans strain with respect to ventral
prostate weight as nfluenced by ICSH

Sonenberg I have been interested m some further differences
between bovine and human growth hormone 1n certain respects you
have reported that bovine growth hormone cannot be reduced by a
whole sertes of procedures Has this been tried with human growth
hormone with the two disulphide hinks?

L No

Sonenberg One could possibly also get some iformation about
secondary structure It has been reported that urea will not de
nature growth hormone on the basis of biological activity  Has the
same thing been trted with human growth hormone ¥

Ls The problem 1s that you cannot mject the urea solution into
the rat because of 1ts lugh toweity You have to dialyse out the
urea for your assavs and although the urea itself may change the
secondary or tertiary structure removal by dialysis will cause the
structure to return to its ongmal form For example m the case
of beef growth hormone 1t tahes about 10 31 urea to increase the
ophical rotation from ~-41 to the maxumal —96 but when you
daalyse out the urea the optical rotation returns to —31  Thus 1t
has not been possible to study the effect of secondary structure on
activity

Sonenberg  Then you have been able to get reduction of bovine
growth hormone ?

Iz Yes 1n the presence of 10 3 urea

Sonenberg Ve have had a different experience We hate been
able to inject 8 3 urea with the growth hormone mto hypophy
sectomized Sprague Dawley animals and have had assavs identical
with those obtamed with the use of non urea treated growth hor
mone The anumals seem ta survive the procedure Thus was on the
basis of a weight gain test

Have you any immunological evidence that the chymotrypsin
treated bovine growth hormone will respond to anything prepared m
response to human growth hormone?

4 That 1s an mnteresting question The procedures for the pro-
duction of rabbit antiserum to beef growth hormone and human
growth hormone have both been published (Hay ashida and Lt 19582
and b loc i) In order to get & pood antiserum to beef growth
hormone you need a total dose of about 80 mg  whereas m the case
of the human growth hormone jou need only 8 mg  We take the

VUMY PITUTZARY~3
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DISCUSSION

T alhelmi Prof Lt have you made any obsery ations as to the dis
tribution of TSH wm your fractions ?

L We have had a very difficult time locating the [SH  Appsr
ently the TSH content 15 very low As vou have esttmated 1t i your
report to this colloquum 1t 15 about 1 umt/y Thus in order o
1solate any ISH from extracts one would have to have a very farr
amount of matenal to start with

Walhelm: That 15 our mpression too From the experiments
that we have tried 1t appears that either the TSH or FSH comes out
much better if one extracts on the acid side I thunh the difference
the caleulation of your FSH yields and ours 15 that we are getting
about seven times as much ~ Ve translated our own figures nto
slope umts and I think from data which you reported a while ago
that you get approtamately one milhon slope umts/hg (L1 1958 loc
11} by our estimate 1t 1s about seven million slope unstsfhy

L1 Soyou suggest that the calerum oxideansoluble fraction mught
be,rccm embIIe b

Filhelms It could be

Lorame Prof L1 could the discrepancy between results obtamed

by you and Prof Wilhelm: be due merely to vanations tn the senst
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I+ Nowe have not The amount of insoluble material 1s really
very small  Tve used the whole suspension for the experiments with
the tibha test

Beck You sad vou required as much as 80 mg of bovine growth
hormone to develop a sufficiently Iugh titre antiserum  What s the
method of this admumstration ?

Lz By both sub and mtraf \

Beek Drs Fishman MeGarry and I have been mterested in this
pont too (Fishman J B McGarrv E E and Beck J C (19a0)
Proc Soc exp Dl (N Y') 102 446) We are using a different pre
poration of growth hormone and can achieve good antibody titres
e have smitched from the intramuscular to the intradermal route

Tiahelm:  One further comment with respect to resistance n
your expeniments Prof Li durng the development of resistance
mjections were continuous  In our experience if we have eg aset
of rats which have heen griven monkey or humin growth hormone for
just ten days and then are allowed to rest for two weeks and are
mven agam monkey or human growth hormone they are still re
sistant so that contimuous mjection 15 unnecessary  Resistance
develops duning the wterval and it stays But if one resumes with
sheep horse pig or bovine growth hormone the response 1s per
fectly good

Bech How long does this resistance persist T

T alhelmy That s hard tosay  For reasons of economy we use our
hypophyseetomized rats twice and they are allowed two weehs rest
from the end of one 10 day assay to the next this is the longest
perod duning which we can state that the resistance is there
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anhiserum to beef gron th hormone and allow 1t to react with the
beef hormone measuring the reaction by esther the Ouchterlony
agar gl method (Quchierlony O (1853) Acta path mucrobil
scand 32 231} or by the precipitin ning test The chymotrypsn
digest which 1s brologieally active material does not react with the
aatiserum to beef growth hormone Furthermore the antiserum to
human grow th bormone agam does not preeipitate with the chvmo-
trypsin treated beef growth hormone

Sonenberg Have the postive results on the reduction of the &
sulphude links m growth hormone been published f

L: No the procedure 15 the same as m the lnctogente hormane
reduction (Lo ¢ H and Cummins J T (3928) J beol Chem 233
73) You can reduce the disulphide bridges by means of mereapto-
ethanol ut 10 5 urea

Sonenberg What about the brolomeal actnity ?

Lz The bologieal activity 1s Jost We hase tested only the beef
but not the human hormone

Raben Dr Gemzell do you still beheve that some prtmitary glands
have no growth hormone ?

Gem~ell Every month pitwitanes are collected from three af
ferent hospatals 1n Stochholm T usually punfy the growth hormone
from cach bunch separately and find constantly the same dilference
m yeld the pitwntares are always prepared and frozen i the swne
way yet from time to time therc 15 & constant difference  The only
way I can explain thus difference ts that the three hospitals treat
Aiflerent hands of patients

In order to find out if there 15 any eonnevion between the smount
of growth hormone stored 1 the prtuttary and the eousc of death of
the patient I hove tried to punfy growth hormone quantitatis ely
from a single psturtary (Gemzell and T3 1958 loc enr ) One stohing
fact was that patients who had been operated upon shortly belore
death had avery fon growth hormone content I have examined the
pitmtanes of two patients who died of severe buras and the growih
hormone content was also low  Very httle difference from normal
Jevels {45 mg /prtwmtary) was found in the pstustaries of patwents
who had died of other causes

1 has ¢ also estimated the concentration of growth hormone s the
plasma of patients following surgmeal operation (Gemzell € A (19.9)
F chin Indoer 19 1019) Six hours after operttion the concentra
tion was eletated T would sugpest that there ewsts some corre
lation between the low content of grow th hormone in the ptwitary
and the elevated plasma fevel

Bech Prof In have you assayed the preeipitate from your salme
extract of single pitwitarses 1n the hina test ?
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to growth hormone by a modification of Bovden s haemag
glutmation method (Boyden, 1951) Thnce saline washed
sheep erythrocytes were exposed to a dilute solution of tanme
sed in pll 7 2 buffered 1sotome salme The tanme acd
coated cells were washed and suspended in 1sotonme buffered
saline at pH 6 4 Human growth hormone 1n a concentration
of 1 0 mg /ml was diluted to 6 0 ml with pH 6 4 1sotome
buffered saline This solution was added 1n equal quintities
to the cell suspension After incubation at 87 the growth
hormone coated tanned cells were washed with normal
gumea pig serum diluted 1 80 1n 1sotomie saline and sus
pended in that medium at a concentration of 2 8 per cent

These treated cells then were added to doubling dilutions of
rabbit serum and incubated at room temperature After
three hours the appearance of the cells in the bottom of the
test tube was exammed When an antibody to the growth
hormone was present haemagglutination of the cells occurred
Under these eircumstances the cells were distributed over the
bottom of the test tube forming an even umbrella  With very
strong agglutination the sheet of cells was sometimes dis
torted and wrinkled A mnor degree of hacmagglutination
resulted n a circle of cells surrounding a central film  With
no h gglutmation a d button or bulls eye was
formed

The results of testing the pre immumzation and post
mmmumization sera as well as the normal guinea pig serum
used as g diluent for the presence of an antibody are shown
m Table I No haemagglutination was seen followmg the
addition of washed sheep cells or tanned cells to any of the
three sera or when the growth hormone treated cells were
added to the pre mmumzation or normal gumnen pig sera
However when the growth hormone cells were added to the
Ppost immumization scrum complete haemagglutination was
seen even when the serum was diluted to 1 1280 The next
dilution 1 2560 showed only a miner degree of haemag
glutination and there was none at a dilution of 1 5120 The
titre of the antiserum defined as the greatest dilution of the




IMMUNOLOGICAL STUDIES
OF HUMAN GROWTH HORMONE*

Crarres H ReAD AND GEORGE T BRYAN

Department of Pediatrics College of Medicune
State Unitersity of Towa Iowa City

‘THE purpose of this paper 1s to record immunological studies
of human growth hormone carried out 1n the course of develop
mg a method for assaying this hormone m human serum

To make the antigen human growth hormone (Raben) was
dissolved 1n water i a concentration of 1 0 mg /ml with the
a1d of a few drops of 0 1~ sodium hydroxide and mived with
an equal volume of 2 mmeral o1l and lanolin adjuyant (Ramon
Lemetayer and Richou 1985) Two millihitres of this mixture
were njected subcutaneously nto adult female rabbits at
weekly mtervals for a total of three injections Serum obtamed
before the first injection was tested to make sure that 1t du
not contain a false haemagglutmin  One week after the third
njection the rabbit serum was tested for the presence of an
antibody If a low titre was found 1 0 mg of growth hor
mone diluted to a 10 m! volume 1n 1sotonic sahine was 1
jected mtravenously One week to ten days later the titre was
recheched and 1f it was more than 1 1200 40-50 m! of
blood were withdrawn  After srx or more wechs s second
dose of growth hormone was grven intravenously Tins time
the ammal was evsangumnated when the titre reached &
satisfactory level usually in five to ten days This hmmtation
of the number of injections of growth hormone was to mim
mize the possibility of stimulating the production of ant:
bodies to possible contaminants of the growth hormone

The rabbit serum was tested for the presence of an antibody

» Supported by a grant from the Coflege of Medicfe Trust Fund State

University of Iows
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serum which resulted in complete haemagglutination, was
thus 1 1,280

The ahty of the antigen growth hormone, to it the
ant1 serum 1n veéro was demonstrated by using a haemaggluta
nation mhibition techmque (Boyden 1951) The prinaple of
this procedure 1s that when to the antiserum which 1 its
final concentration 1s equal to or more concentrated than its
titre no growth hormone 1s added free antibody remams 1f
growth hormone cells are then added haemagplutination of
these cells occurs However 1if a large amount of growth
hormone 15 added to the antiserum all of the antibodies are
neutralized, when growth hormone cells are added subse
quently no haemagglutination occurs When decreasing
concentrations of growth hormone are added to successive
tubes contaiming the same concentration of antiserum
eventually a pomnt 1s reached where not all of the antibodies
are neutralized free antibody remams and causes haemag
glutmation of the growth hormone cells At first such haemag
glutination 1s weah but complete haemagglutination 1s seen
n the tubes contammng sufficiently small concentrations of
growth hormone The end point 1s thatconcentration of growth
hormone at which complete (4+4-) haemagglutimation first
oceurs

The results of & haemagglutination inhibation test are pre
sented m Table II Decreasing amounts of growth hormone

‘Table II

IwuBITION OF GH ANTI SERUM (RB) 5¥ GH

m g fml GH

00 400 300 200 100 80 60 40 20 10 8 6 4 1
1 1400thAB 4 0 0 0 2 3 3 3 4 4 4
Pre inject rb 0o 0 0 0 0 0 00 O0C 0 OGO O

(GH) were added 1n successive tubes to an antiserum with a
titre of 1 1400 In those tubes mn which the concentration



Coaries H Reap anp Grorer T Bman

70

Suouney MMM 48 X 1D keeaifa daugs pauumy g, sdsonpdas deye

93830t 4sa daans pouumy paysan
45 M swmd A3 yqqu @

¢ 0 0 © o b ] o o o 48 L 1Y
o [ o 0 o o [} [ [} o EERA
0 [ o o o [ o o [ ° J5
{42) wnaes muon Jusngpeg
[ X [3 s v 3 13 v v * A5 L 1D
o 0 o [ o [ o o 0 [ asd
[ ] [ o 0 0 [} 2 9 [ as
{q3) wituos uenwzunu 1504
[ o [ o o o o o o 0 Jds L 19
[ o 3 o 0 o o [ e [ PERA
0 o 2 o o [ 9 G L3 [ a8
() winays vonEzIOURGT 31
019 10058 Y082 T 049 ¥ o038 T o0 1 8 1 Oy 1 o3 0f t
ns3s fo sunriapg )

SIROWROK HLAOUD NYHII OL AUOTLINY NV HOX VIIS LIRAVE MOLLVZINANIE 1604 GNY  ZEL DNILEEL 40 X531

I siqwl,



TmmuNoLocicaL Stupies oF Huwavw GH 71

serum which resulted mn complete haemagglutination was
thus1 1280

The ability of the antigen growth hormone to mhibit the
antt serum 2 vatro was demonstrated by using 2 haemagglut
nation mnhibition techmque (Boyden 1851) The prineiple of
this procedure 1s that when to the antiserum swhich m ats
final concentration 1s equal to or more concentrated than its
titre, no growth hormone 1s added free antibody remains, 1f
growth hormone cells are then added baemagglutination of
these cells occurs However if a large amount of growth
hormone 1s added to the antiserum all of the antibodies are
neutrahzed, when growth hormone cells are added subse
quently no haemagglutination occurs When decreasing

wons of growth h are added to successive

tubes contaming the same concentration of antiserum,
eventually & pomnt 1s reached where not all of the antibodies
are neutralized free antibody remains and causes haemag
glutination of the growth hormone cells At first such haemag
glutmation 1s weak but complete haemagglutination 1s seen
m the tubes contamming sufficiently small concentrations of
growth hormone The end pomntisthateoncentration of growth
hormone at which plete (4-+-) h l first
occurs

The results of a haemagglutination inhibition test are pre
sented 1n Table IT  Decreasing amounts of growth hormone

‘Table IT

InmerTIoN oF GH ANTI sERUM (RE) BY GH

mp, jml GI

00 400 300 200 100 80 60 40 20 10 8 6 4 1

1 140r%AB 4 0 0 0 2 3

4 4 4 4 4 4
Prefmecttb 0 0 0 o0 o

00000 O0O0GOCO

(GH) were added 1n successive tubes to an antiserum with a
hitre of 1 1400 In those tubes 1 which the concentration
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of growth hormone was 400 360 and 200 mpg Jml respee
tively the antiserum was completely neutralized A munor
degree of haemagglutination was obsersy ed first in the 100
mpg growth hormone tube Complete haemagglutimation
(4 +) was noted first m that tube to which growth hormene m
o concentration of 20 m pg /ml had been added The pre
wjection rabbit serum was mactive

The presence in the rabbit serum of an antibody to human
growth hormone also was demonstrated by other serologieal
methods Using the compl t fixation method the titre of
the antiserum was 1 64 1t was antl complementary to
didution of 1 24 The appearance of a precipitin in the single
and double gel ciffusion studies to be deseribed below
indicated that the antiserum was demonstrable by this third
techmque Other studies to be presented elsewhere have
provided further confirmation (Read and Bryan 1060} an
anamnestic response has been observed and the well hnowst
biological effect of growth hormone on the tibial plate of the
hypophysectomized rat has been inhibited by the antiserum
whether the growth hormone and antiserum were arxed prior
to mjection or whether they were mjected by separate routes

Human serum was tested to find out 11t was able to bt
the activity of the antiserum The sera of three normal
adults and three normal chuldren as well as three patents
who had heen subjected to hypophysectomy and one child
with hypopituttarism were so examuned  Dilutiops of the
sern were made with 1 80 normal guinen pig sexusm and ad
to an equtl tolume of the antiserum After addition of the
growth hormone cells the muxture was neubated at 4° for
three hours The results are reported m Table ITT All of the
sera of the normal chuldren and aduits nlubited the antiserum
1n contrast 1o mhibition of the antiserum was obsersed when
the sera of two of the hypophy sectomized patients or of the
child with hypopituttarism were added Only o shight b
tron was caused by the serum of ene hypoph) sectomzed
patient This patient subsequently died and at nulopsy
was found to have remmmng some pitwitary tissue These
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findings showed that not only was there an mhibitmg factor
i human serum, but also that it was of pitwitary ongin

Both haemagglutiation and minbition of haemagglatina
tion procedures were used to exarmmne the reaction between
the growth hormone antiserum end 2 number of human
protems  Gamma globulin serum albumin and lyophiized
whole serum w ere reconstituted and meubated with the tanned
cells in the same concentrations previously used for growth
bormone  Haemagglutmation reactions were carrted out
also with human growth hormone prepared by Withelm: and
by L aswellas by Raben The antiserum dsd not haemagglu
tinate gamma globubn albumm or whole serum treated colls
It did haemagglutinate the cells which had been meubated
with any of the growth hormone preparations  Swmlarly
the gamma globulm and albummn even m concentrations as
high as 0 5 mg /ml  &id not inhibat the anbiserum It was
inhibited by the human serum and by all three growth
hormone preparations

The antiserum to human growth hormone was tested with a
number of growth hormone preparations of other species fs
well as other protem hormones of non human ongin Ineach
sstance both haemagglutination and nhibition tests were
done the latter ata sensthivaty sufficient to detect concentra
tions as Jow as 0 00t g /ml The results presented mn Table
IV showed that there was no reaction between the human
growth hormone antiserum and msulin {esther monhey or
beef) or commercially avaslable beef thyrod stimulating
hormone (TSH) or hog adrenocorticotropic hormone (ACTH)
Sumilarly growth hormone made from hecf hog or horse
prtantartes did not react with the antiserum Monkey growih
hormone made by cither Raben or Withelms reacted with
human growth hormone antiserum both in the haemagglutina
tion and haemagglutination mhibition procedures  With fish
growth hormone therewasamnor degree of interaction 1 the
mhintion test Ths was interpreted as meaning that fish and
human growth hormone have in commaon an immunclogicatly
active group The results obtamed 1 this expenment indicate
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Table IV

REACTIONS BETWEEN KUSAN GH (RABEN) ANTISERUM (RE)
AND PROTEIN HORJONES OF OTHER SPECIES

40 tutina  Haemag -
Hormone Source Haemagg Haemag -
Insubn  monkey—Lally No No
Tnsubn  beef—Lilly T3202 No No
TSH beef—commereial No No
ACTH  hog—commercial No No
GH beef—Armour—22KR2 No No
GH beef—Wilhelrm—B163 No No
GH hog—Wilhelmi—P2144 No No
GH ‘horse—Wilhelrr-~H264C No No
GH fish—Vithelmi—Fs0 No Shght
GH monkey—Wilhelm—N334 B41B  Yes Yes
GH monkey—Raben Yes Yes

that those components of the growth hormone molecule which
determine 1mmunologieal specifieity are sumlar in primates
and are different from those of lower ammals Simlar results
have been obtained by Hayashida and L1 (1958)

The results of the experiments described thus far made 1t
probable that the growth hormone antiserum was specific at
least for proteins of prtwitary ongin  The next senes of expen
ments was done to find out whether the antiserum was speafic
for growth hormone or whether 1t would react with other pro
tems of the human pitwitary The human pitntary protems
used were made by Dr Raben n the course of the preparation
of growth hormone (Raben 1957) The fractions were acetone
precipitate ACTH pH 8 5 precipitate and lyophilized super
natant They were dissolved 1n water with the aid of 0 1
N sodwm hydroxide the stock concentrations bemg 1 0
mg fml For weaker concentrations dilutions were made with
normal gumea pig serum diuted 1 80 1n 1sotome saline

The antiserum was exammned first by the haemagglutina
tion technique the tanmic acid treated cells bemng incubated
with each fraction mn the same concentration used for prepar
g growth hormone treated cells The antiserum eaused
haemagglutination of all four hinds of protemn treated cells
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however, m the case of ACTH haemagglutimation oceurred i
some expenmments and not in others The anhiserum was
examuned for lack of homogenety also by the method of
Preer (1956) In tius technique the antiserum and the antigen
are mterspaced by a neutral gel layer and both diffuse nto the
gel The double diffusion methods enjoy certain advantages
over the simgle diffusion techmques, for the relative concen
trations of the antigen and antibody are not so entical and
because the location of the hines 15 dependent on the diffusion
coefficients of both antigen and antibody, overlapping of bands
1s less ikely  Addiionally the bands may be spread by
ereasing the length of the gel column {Augustin and Hayward
1955) The Precr method also allows the use of undiluted
sntiserum and yet beeause of the mcro tubes used 1s very
saving of materals Furthermore, tno antigens each of
which shows precipitation zones with the same anliserum
can be separated easily by mutual dilutions of both sub
stances being alfowed to diffuse agamst the antiserum I the
precipitable antzgens are identical the mixture shows but one
precipitation zone

The antigens used i the first experiment were growth
hormone supernatant pH 8 5 precipitate ACTH ond acetone
precipitate  The antiserum was used undiluted The tubes
were photographed after three days incubation st room
temperature In Fig 1 the antigen was growth hormone
concentrations of from left to nght 100 90 75 50 23 10
and 0 pg fml  In those tubes with the hughest concentrations
of growth hormone the antigen was present in exeess the
2one of precipitation being seen only ns o broad band begin
nig at the antiserum-gel interface At s concentration of
50 yg fml the precipitation zone was barcly above the inter
face butat 10 pg /ml it was seen as a clear hnein the rmddle
of the gel In no nstance was there evidence of mose than
one band

Lesser coneentrations of growth hormone were used 1n the
sentes of tubes shown i Fig 2 They were from left to nght
10 9 75 5 25 10 and 0 pg/ml As the concentration



Fig 2 Growth hormone (low concentrations)
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16 9 Mutual dilutions of growth hormone and ACTH



K

F16 11 Crude pituitary etract (the light areas above the antigen gel interface a7t
photogra hie artifacts)

Fig 1. Mutual dilutions of crude pituitary extract and
~



Iwnnoroctear Stupies oF Huaay GH 77

decreased the preaipitation line approached the antigen—gel
mterface  Although a band was barely discermble 1 the tube
contaimng growth hormone i the concentrationof 2 Spg fml
none was seen n the ¥ 5 yg /m! tube nor in the control
tube

The next series of photographs Figs 8 ¢ 5and 6 show the
hnes formed when sopernatant plt 8 5 preapitate ACTH
and acetone precipitate were stmlarly tested The concentra
trons with each antigen were 100 90 75 50 2 10 gnd 0
pg fml readmg from left to nght  Single bands nere seen 1n
the higher concentration of all four antigens indicateng that
each reacted with the antiserum

'Fo determine whether these bands were due te one or more
antigens mutual dilutions of growth hormone and each prtw
tary fraction were made snd allow ed to diffuse agamst the ants
serum Thus from left to right the tubes shownin Figs 7 8
9 and 10 contawned (pg 'ml } the following growth hormone
10 growth hormene 9 and pitwitary fraction 10 growth hor
mone 7 5 and prtary fraction 2o growth hormone 5 g and
pituitary fraction 50 growth hormeone 2 5 and pituitary frac
tion 75 growth hormone 1 © and pituttary fraction 90 and
pituatary fraction 100 respectively  In every mstance there
‘was but one preaipitation hne formed by growth hormone and
the pitwtary fraction with shich it was muved namely
supernatant pH 8 5 ACTH and acetone precipitate  Thus
there was no evidence of the presence of more than ene anty
bod;

A)l’though st was believed that afl of the pituitary hormones
were present 1o one or more of the fractions tested an addy
tional expeniment was carried out using the Preer method in
whieh the antigen was 2 crude saline—2 per cent butanol
extract of human pituttary gland  The length of the agar
column was mereased to spread apart any lines that m: ght be
formed Fig 13 shows that the crude pitwtany extract pave
only one band of precsptation with the antiserum  When the
pitwitary extract was snutually diluted with growth hormone
agamn only one hne vas seen (Fig 12)
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The growth hormone antiserum was slso examwed by ad
sorption tests and by single agar diffuston {Oudin 1802) and
by these methods also no evidence of lack of homogeneity was
obtamned (Read and Bryan 1960) It scemed that the reaction
between the antisernm and the pituitary fractions was due to
their growth hormone content rather than to a non spenfe
reaction between the antiserum and pihwitary protems
general YWhatever contaminants there might be m the Rabea
growth hormone preparation were not present w sufficient
quantities to result in antibody formation by the immunmza
tion procedure descrtbed above andjor detectable by the
methods used

In the assay of growth hormone i human serum the
hibition of the antiserum by known concentrations of gronth
hormone and by unknown concentrations in human serum
was earnied out simultancously The unknown sera and the
growth hormone standards were set up in quadrupheate at the
same antibody concentration When a very senmtive assah
was required the dilution of the antiserum used i the snhibr
tion tests was the svme as the predetermmned titre Ordinantly
the antiserum wias used m # Jesser dilutson than the titee for
the difficulty of reading the end pomt was decreased and the
number of dilutions of the test sera bemng assayed was reduced
For example 1if the antiserum titre nas 1 1400 and was
used i this dilution 1 the wlibiion the first completely
haemagglutinated tube was likely to be ather the 2 or 4
m pg /ml standard However if a dilution of 1 1000 was
used the end pomt would then hhely be m the 15 or 20
mpg /ml standwrd  The method has been descrsbed 18
detail clsewhere (Read 1960)

The statistical process of estimating the potency of the un
Lnown and assessing the fidueal hnts of the individunl assa)
1s simple  This 15 so & the resy s plete haem
agglutination and the end pont 1s that concentration of

wih hormone or test serunt in which this just oceurs  Thus
the threshold dose 1s o dependent variable and is determned
at any sinpleantibody eoncentration by dilutionof theantiges
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This 1s comparable to the *cat’ method for the assay of
digitalis in which the end pont 1s the death of the cat It has
the advantage however that the size of the cat can be
ngorously controlled since the same dilution of antiserum 1s
used both mn the standards and unknowns In such direct
assays the relatine potency 15 obtamed as the dfference
between the mean logamthms of the concentration of the
growth hormone m the standard and the dilution of the test
serum m the first tubes completely haemagglutinated The
statistical procedure as well as the method of determination
of the 95 per cent confidence limts has been fully discussed
by Finney (1952)

The results obtained 1n studying the homogenerty of the
antiserum by absorption single gel diffusion and double gel
diffusion methods mdicated that the pitwitary protem frac
tions contamn growth hormone In order to substantiate this
conclusion the pitwitary fractions were assayed for themr
growth hormone content by both physiological and immuno
logical methods The bioassay method used was that of
Greenspan and co workers (1849) A prelimmnary expen
ment showed that in the dose range of 25 to 400 pg of human
growth hormone (Raben) there was a lmear relationship
between the logarithm of the dose and the width of the tibial
plate  Four pont parallel hine assays were done by mjecting
2high and a low dose of the human growth hormone standard
and each of the pitwitary frictions into appropriate groups of
rats Because the regression hnes resulting from njecting
ACTH and pH 8 5 were found to be not parallel to the regres
sion Iine of growth hormone 1t was impossible to determine
the relative potency of these two fractions by the bioassay
method However the regression lines of the supernatant and
acetone precipitate were not different from parallebsm and
relative potencies were derrved for these pitwitary fractions
In domg so the assumption was made that growth hormone
was the only substance present which affected the width of the
tibial plate and to the extent that this may not be true the
assays may be unreliable
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The growth hormone antiserum was also examined by ad
sorption tests and by single agar duffusion (Oudin 1922) 2nd
by these methods also no evidence of lach of homogeneity was
obtamned (Read and Bryan 1960) It scemed that the reaction
between the antiserum and the piturtary fractions was dueto
their growth hormone content rather than to a non specific
reaction between the antiserum and pitwitary protems o
general Whates er contammants there might be i the Raben
growth hormone preparation were not present 1n sufficient
quantities to result n antibody formation by the immuniza
tion procedure described above andjor detectable by the
methods used

In the assay of growth hormone i human serum the 1
hibition of the antiserum by hnown concentrations of growth
hormone and by unknown concentrations in human serum
was carried out simultaneously The unhnown sera and the
growth hormone standards were set up in quadruplicate at the
same antibody concentration When a very senstiive assa
was required the dilution of the antiserum used mn the mhibi
tion tests was the same as the predetermmed titre Ordmartly
the antiserum was used 1n a lesser dilution than the titre for
the difficulty of reading the end pomnt was decreased and the
number of dilutions of the test sera being assayed was reduced
For example, 1f the antiserum titre was 1 1400 and was
used 1n this dilution 1n the mhibition the first completely
haemagglutinated tube was likely to be erther the 2 or
m pg /ml standard However if a dilution of 1 1000 was
used the end pont would then Lkely be mn the 15 or 20
m pg /ml standard The method has been descrbed m
detail elsewhere (Read, 1960)

The statistical process of estimating the potency of the un
known and assessing the fiducial hmts of the mdrvidual assay
1s simple This 1s so b the resp 15 lete haem
agglutination and the end point 1s that concentration of
growth hormone or test serum mn winch this just occurs  Thus
the threshold dose 1s a dependent variable and 1s determined
at any single antibody concentration by dilutionoftheantigen
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This 15 comparable to the * cat” method for the assay of
digitabis 1n which the end pomt 1s the death of the cat It has
the advantage however that the ‘size of the cat’ can be
ngorously controlled since the same dilution of antiserum 1s
used both mn the standards and unknowns In such direct
assays the relative potency 1s obtamned as the difference
between the mean loganthms of the concentration of the
growth hormone 1n the standard and the dilution of the test
serum mn the first tubes pletely h lutmated The
statistical procedure «s well s the method of determination
of the 95 per cent confidence limits has been fully discussed
by Finney (1952)

The results obtaned in studying the homogeneity of the
antiserum by absorption single gel diffusion and double gel
diffusion methods indicated that the pitwitary protemn frac
tions contamn growth hormone In order to substantiate this
conclusion the pitwitary fractions were assayed for thewr
growth hormone content by both phy siological and rmmuno
logical methods The bioassay method used was that of
Greenspan and co worhers (1949) A prelmmary expen
ment showed that in the dose range of 25 to 400 pg of human
growth hormone (Raben) there was a lmnear relationship
between the logarithm of the dose and the width of the tibal
plate  Four point parallel line assays were done by injecting
ahigh and a low dose of the human growth hormone standard
and each of the piturtary fractions into appropriate groups of
rats  Because the regression lines resultng from njecting
ACTH 2and pH 8 5 were found to be not paralle] to the regres
sion line of growth hormone 1t was mmpossible to determine
the relative potency of these two fractions by the bioassay
method However the regression hines of the supernatant and
acetone precipitate were not different from parallelsm and
relative potencies were dernved for these pituitary fractions
In doing so the assumption was made that growth hormone
was the only substance present which ffected the width of the
tibial plate and to the extent that this may not be true the
assays may be unrelhable




80 Crarres H Reap anp Guorek T Bryan

The relatrve growth hormone potencies of acetone precipt
tate and supernatant as measured by the two assay methods
are presented in Table V. By the tibial plate method acetone

Table V

A COMPARISON OF RELATIVE GH FOTENCIES OF ACETONE PRECIPITATE
AND SUPERNATANT AS MEASURED BY PHYSIOLOGICAL AND
IMMUNOLOGICAL METHODS

(GII Standard—Raben Homo No 6)

Assay method

Tabnal plate Immunoloieal
Acetone precipitate 17/ (11-31) 23/ (11-55)
Supernatant 48 / (44-51) 21/ ( 9-51)

Figures 1n parentheses are 55/ confidence rmts

precipitate was 17 per cent as potent as the growth hormone
standard whereas by the immunological method 1ts potency
was 24percent A greater difference was noted in the results of
the assays of supernatant for by the bioassay method 1t had
48 per cent of the potency of growth hormone whereas by the
immunological method 1t was but 21 per cent as potent
However these potencies cannot be considered as signific
antly different since the assay values obtained by the bioassay
arewithin the 95 per cent confidence limits of the immunological
method

The ACTH and pH 8 5 precipitate fractions were assayed
by the immunological method Therr relative potencies were
found to be 3 per cent and 9 per cent respectuy ely of the growth
hormone standard as 1s recorded i Table VI Two other
fractions were assayed also A second acetane precipitate was
made by Dr Raben by redissolving the original acetone pre
cipitate and attempting to remove from 1t more growth hor
mone In a comparable fashion Dr Raben made a second
supernatant by redissolving the first supernatant and repeat
g the procedure for precipitating the growth hormone In
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Table VI

ReLATIVE GH POTENCIES OF PITUITARY PROTEIN FRACTIONS (Ilovo No 6)
(GH Standard—Raben Homo No 6)

Percenia,e 95 per cent
Fraction of slandard confidence lumits

Acetone precipiate 24 11-55
Second acetone precipitate 107 08136
ACTH a3 —_
pHE 5 9 421
Supematant 21 9-51
Second supernatant 16 1221

both instances these procedures resulted mn a great decrease m
the amount of growth hormone m the ongmal fraction as
determined by the assay The relative poteney of the second
acetone precipitate was but 1 07 per cent which compared
with 24 per cent in the first acetone precipitate and the
relative potency of the cleaned supernatant was but 1 6
per cent which contrasted with 21 per cent of the original
supernatant

Serum growth hormone assays of a small number of normal
children and adults as well as patients with acromegaly and
hypopituitarism have been made to date using as the growth
hormone standard Raben s Homo No 6 As1s shown m Fig
13 the growth hormone levels 1 14 normal children were
between 90 and 600 m pg /ml However in none of the nine
hypopiturtary patients were the levels over 90 m pg /ml  In
contrast all of the levels in nme patients with apparently
active acromegaly were above 500 m pg fml Thus, 1n acro
megaly gh values were found and mm hypopitwtarism low
values were observed Further assays are now bemng carried
out to determine normal levels i adults and m children

In collaboration with Dr Raben an experument was carried
out n which each of three patients suffermg from hypopituitar
1sm was mjected with 4 mg of growth hormone In two of
these patients the growthh was givenintr larly
m the third 1t was given ntravenously Blood was drawn
before and at variable intervals after the injections The
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scrum was separated and kept frozen until assayed As is
shown mn Fig 14 the serum growth hormone concentra

tions rose after the hormone was mjected A higher level was
reached when the hormone was mjected intravenously and 1t
remained sbove the pre injection level for at least 48 hours

After the mtramuscular mjections maximum levels were
obtained in 1-4 hours and by 24 hours the concentration had
returned to the pre injection levels Additional data 15 neces

sary before determination of the half hfe of growth hormone
can be made with certainty

Summary

An antiserum to human growth hormone (Raben) was pro
duced in rabbits and detected by standard immunologieal
techruques  The antiserure nhiited huran growth hormone
both sn 12tr0 and wn vivo  As tested by smgle and double agar
diffusion methods and using as antigens a crude human
pituitary extract the human protemn fractions of Raben and
human growth hormone no evidence of the presence of more
than one antibody 1 the antiserum was obtamned

The antiserum reacted with other preparations of human
growth hormone as well as with monkey growth hormone It
did not react with growth hormone derived from hog horse
or beef There was a minor interaction with fish hormone

The antiserum was used to develop a direct assay of human
growth hormones sufficiently sensitive to measure growth
hormone 1 serum Serum growth hormone levels were
determined 1n normal children and adults as well as m
Ppatients with acromegaly and hypopituitarism  Additionally,
senial assa) s were made of the serum of hypopituitary patients
after the mtramuscular or intravenous admmstration of
growth hormone
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DISCUSSION

Bech 1 should like to comphment Prof Read on a beautiful
presentation of a new method m which we have also been mterested
(Bech J C Fishman J B and McGarry E E (1960) Proc Soc
exp Bl (NX) 1n press) We have used o shghtly different
techmque and have succeeded mn setting up antibodies to bovine
poreine and human growth hormone and also porcine ACTH and
bovine TSH In our expenience asin Prof Reads there s no cross
reactivity between the vartous types of growth hormone 1e bovine
porcme or human growth hormone  We couple our antigen to red
cells with bis-diazotized benzidene rather than tanmc acid The
method was established m our laboratory and we suspect 1t increases
the sensitivity of the assay Ve did not kill our rabbits but pre
served them in the hope that we can use them for contmued pro-
duetion of anbiserum Ve have had no cross reactivity with any
other form of protemn substance that we have been nble to test for in
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the assav svstem Poreine ACTH cross reacts with human ACTH

1n other words there 15 hormone speaificity but not spectes specifi

aty Bovine TSH cross reacts with bovine growth hormone and
bhovine ACTH with bovine gonadotropin However the amount
which 15 required to produce haemagglutmation mhibition of these
cross reacting substances 1s 10 yg as compared with only 1 Opg of
the onginal antigen

Prof Read has opened up a completely new field i endocrine
mnvestigation

Read With respect to Dr Bech s comments 1t 15 possible that
Dr Rabens growth t preparation 18 d waith
minor amounts of ACTH although we were unable to demonstrate
this by adsorption or bv single or double gel diffuston techmques
There was of course s reaction between growth hormone antibody
and ACTH but our data mdicated that this was due to contammation
of the ACTH with prowth hormone rather than zuce tersa Of
particular interest m this respect were the adsorption studies to
which I alluded but which I did not present  When the growth hor
mone antiserum was adsorbed with ACTII the titre of the antiserum
to growth hormone and to ACTH fell Simlarly if the antiserum
was adsorbed with growth hormone the titre to both hormones was
reduced With sufficient numbers of adsorption the antibody level
was reduced to zero Dr Bech s results therefore may also reflect
the contamination of ACTH with growth hormone

We attempted to produce an antiserum to ACTH but were un
successful in domng so because the ammals sichened and died

Russell Fraser Ve have only just begun to atterapt this assay
and X would like Prof Read to comment on a few practical questions

(1) Have you any expenence of preparing the immunized rabbits
with other types of growth hormone preparation and are they a
parently equally pure with respect to mamumzing properties (for
mstance Prof ¥Wilhelm s or Prof Lis preparations) ?

() I note that you use gumea g serum this must be an indif
ferent neutral serum  Might 1t well be any other animal as long as 1t
was neutral to the two procedures ?

{w) Ishould like to make a plea on the question of units Itisvery
nice 1f possible to stick to the traditional per litre which 1s com
mon 1n'medicme  and here we have been ashed to talk of m yg fml
when we mght well say pg /I May I ash before that gets too far
that 1t should not be carmed on  unfortunately 1t has been the custom
with mnsulin assays to introduce all sorts of confusing terms of this
order

(1v) The assays of human sera were of grreat interest It 1s of con
siderable interest that i acromegaly the assay levels come down so
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near to the upper ints of normal whielr males one wonder whether
this does not suggest that the actiy e form m which the hormone eir
culates may be modified from the form to which your antibody can
attach Perhaps a of the logreally active matenal
1s not quite the same thing as biological assay I wonder if at thi
early stage 1n our study of assays of growth hormone 1t would not be
unportant to combine the immunological method with the bioassay
Have you any mformation on this point, Prof Read from your own
patients 7

(v} A pont of great interest to many of us who would ltke to
follow m vour steps 15 whether you have any evidence on how tius
hormone mught be concentrated from the serum or perhaps also,
from the unne It s customary at the moment to prefer to assay
hormones on serum~I have an old fashioned preference for urme
on the basts that you can get the 24 hour production more effictently
from the unne than you can from the serum

Read Ve have not attempted to immunize with other growth
h prer S jly the gumnea pig serum 1s symply &
readily available neutral protein and 1s essential to stabilize the tan
nic acid  growth hormone treated eells Thirdly I think your poimnt
with respect to expressing the results 15 well taken 1n future we plan
to record the values as pg /100 ml

The degree of activity present in an acromegalic 15 often 8 dif
ficult clmical assessment The patients with acromegaly whose
assays were presented were judged to be actrve on the basts of thewr
chnicaldata However we are continng to mv estigate this problem
m collaboration with o group at the Mayo Chinie  We have not done
any broassays by the tibia test method or by any of the other
methods which were so eloquently reviewed by Dr Jane Russell m
1944 Ibelieve that Dr Gemzell has carried out tiba test bioassays
n patients with acromegaly

Rugsell Fraser We have found that an insulin tolerance test done
with 0 3 umts/hg body weight which 1s three times the usual may
not be a bad ind; of activity mn ly Short of anythmg
better 3t would be of great interest to see whether y our acromegalic
patients with rather low values show insulin resistance by this test
Qur general imp 15 that galy 1f 1t 15 Iy, 1s
active

Gemzell Thad the opportunity to work i Prof L s laboratorvin
1957 and was there able to et olve a method of concentratin, hurman
growth hormone from human plasma (Gemzell C A {1959) J chn
Fndoer 19 1049) Since then T have been workung in Stochholm
with this method trying to estimate the normal levels of growth
bormene wm the human With Dr Luft T have also tned to deter
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mune the biologieal half Life of growth hormone in the human The
concentration technque for human grow th hormone 1s quite simple

It was found by electrophoresis that human growth hormone
mugrates with albumun i human plasma while bovine growth
hormone migrates with globuln  The method I use 15 to treat
freshly drawn plasma with the same amount of 10 per cent trichloro

aceticaeid The precipitate formed 1s washed three times with 5 per
cent trich! acid The trichl acid preery 1s then
extracted three times with cold absolute ethanol each time the
volume of ethanol used 15 the same as the origimal plasma volume

The pH of the combined ethanol extracts 15 adjusted to 6 1 by care

ful addition of 0 1 8 NaOH  The preap formed which

albumm and the growth hormone 1s suspended 1n cold water di

alysed and lyophihzed About 200 mg of this plasma fraction 1s
jected mto each assay rat for quantitative deternmnation by means
of the tibia test The plasma fraction 1s not toxie to the rats  With
this method I have been unable m samples of plasma of about
40-50 ml to detect growth hormone m normal mdividuals In the
plasma of acromegalic patients however growth hormone activity
was found Our values are about ten times as high as those of Prof

Read 1In one case we have found levels of up to 1 200 ug /100 ml of
plasma but usually we found levels of 300-400 pg T have a fechng
that the method 15 good for all levels above 200 ug growth hormone/
100 ml of plasma

Besides these patients with acromegaly we have found growth
hormone activity in the plasma of patients with juvemle type
diabetes and also following surgical operation In three cases with
gonadal dysgenes:s (retarded growth and high Jevels of total gonado
tropins 1n urine) high plasma levels of growth hormone were found

T have also tned to determmne the bological half hfe of growth
hormone  Fifty mg of growth hormone was 1njected mtrayenously
mto two normal and four hypophysectomized patients Although
the results obtained are not very consistent they agree with those of
Prof Read in that the level stays high for quite a long time  On com
bining all the results we found that the biologieal half hife was about
9 hours which compares favourably with the results obtained by
Van Dyke and his co workers who were using,_parabiotic rats (Van
Dyke D C Sunpson M E L1 C H and Evans H M (1950)
Amer J Physiol 163 297)

Loraine Prof Read I was very mnterested in your mathematscal
treatment of results The short formula that you used to calculate
fiducial limuts of error may well be o great advantage over the more
compheated formulae which have previously been emploved I
wonder whether m addition to caleulating the fiducial himits you
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had been able to estimate the index of precision Jambda Also was
1t possible to test the nccuracy of the method by conducting expert
ments m which the growth hormone was added to urine and the per
centage recoy ered calculated ?

Read Finney (1952 loc cit ) described four types of assay The
simplest type 1s the direct assay in which, as i our system theend
pont 1s an all or none response m a single individual A second type
of all or none assav 1s the more familiar quantal assay Then there
are the graded response assays which are either parallel hne or slope
ratio assays

In direct assays 1t 15 not possible to dernve o lambda Ve have
carried out only one recovery experiment so far although we plan
to do more In thus instance tl?ere was an almost 100 per cent
recov
W alhelmi Prof Read vou showed ns m Fig 14 the injection of
4mg growth hormone did 3 ou calculate the volume of distribution

Read No
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Toe association of the action of growth hormone with
mereased mobilization of fat 15 well supported bv many
studies over the past quarter century (Lee and Schaffer 193+
Best and Campbell 1936 Levin and Farber 1952 Green
baum and McLean 1953) Our mterests have been concerned
with the details of the process by which the hormone releases
fat, its mhibition by glucose and mnsulin and with the prob
Iem of whether this effect 1s primanily related to the anabohe
action of growth hormone or 1s merely a consequence of 1t
The findings to be presented here contain new nformation
related to these subjects and suggest possible directions of
further studies

Growth hormone and unesterified fatty acids of plasma
The emergence of a concept of fat mobihzation which
emphasized the major contmbution of unestenfied fatty acids
m the transfer of hpid for energy requirements (Dole 1956
Gordon and Cherkes 1956 Gordon 1957) permutted a closer
mspection of the influence of growth hormone It was soon
found that growth hormone ncreased the unestenfied fatty
acids mn the plasma (Raben and Hollenberp 1958 19594
Raben 1959) and this effect has also been seen by others
(Engel et al 1958 Knobl and Greep 1959 Wilgram e al
1059) In both dog and man the lugh concentrations during
fasting were readily increased two or three fold with growth
hormone but glucose or food suppressed the effect even when
89
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large amounts of hormone were aven In the allovan
diabetic dog, however food was much less effectrs e1n prevent
mg the effect of the hormone These findings and the fact
that smail amounts of growth hormone were effective made 1t
Iikely that grow th hormone was important mn the physiological
control of the caloric supply provided by adipose tissue in the
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form of unesterified fatty acids Growth hormone however
1s not essential for the release of fatty acids for an mcrease 1
the blood value occurred with fasting i hypopitwitary sub
jects but in both these subjects and m norm 1l individuals the
hormone accelerated the release of fatty acids beyond the
rate induced by fasting alone

In the dog plasma fatty acids were mereased by poreine
bovine human and simian growth hormone but in man only
human and siman preparations were effective The action
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wasrapid but not immediate Intrasenous admimstrition of
4mg of aceticncid extracted human growth hormone (Raben

1957) to a hvpopitwitarv patient (probably at least 10 times
the minimal effectiv e dose) produced no nse of fatty acids mn
1 hour but more than a fourfold increase mn 4 hours (Fig 1)

Further evidence that increased mobilization of fatty
acids occurs with growth hormone

Tith the knowledge that growth hormone tends to promote
ketours lower resp Y q t d h fat stores and
cause a rapid transfer of fat from adipose tissue to the lner,
the increase of fatty acids 1n the plasma was assumed to result
from augmented output by adipose tissue  This assumption
1s now supported by several experimentsl obsersations
Brown and Bennett {1959) measured the conversion of UC
labelled palmtic acid to %¥CO 1n human subjects with and
without human growth hormone The percentage of the label
appearing as 4CO was not changed by the hormone, but as
there was a greater quantity of plasma fatty acid after the
hormone, the total conversion of plasma fatty acid to CO, was
greater after growth hormone It was also noted that glucose
was less effective after growth hormone 1n decreasing the con
version of “C palmitate to CO  Knotil (1959) mncubated
adipose tissue removed from hypophysectomized rats and
found an increased output of unestenfied fatty acds wn vitre
with fat from ammals recerving growth hormone, as Judged
by the total amount of unestenfied fatty acid present in tissue
and medium at the end of incubation

Experiments were performed confirming the results of
Knohil (Fig 2) Inaddition 1t was seen that the behaviour of
emdidymal fat was affected by pretreatment of the rat with
very small doses of hormone and by comparing the titratable
fatty aaxd Ppresent m the {at at the time of removal from the
ammal with the amount in the medium and tissue after 1n
cubation an estimate of net production or loss of fatty acid
during the mterval of incubation could be made {F1g 3)

The tissue was removed from hive rats anaesthetized with
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sodium pentobarbital after 24 hours without food and 18
hours after the last mjection of growth hormone Durng a
3 hour meubation of tissue from untreated hypophysectom
1zed rats, there was hittle change or a loss of unesternified fatty
acid, indicating that the combined processes of estenfication
and metabolism of acid equalled or ded the rate of lipo
lysts Since the tissue must has e been releasing fatty acids at
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Fro 2 Effect of grow th hormone admunistered to hypophysectomuzed rats on
fatty ncaid output of excrsed adipose tissue  Daily dose and number of 10jec
tions are mdicated Rats were fasted 24 hours and last injection of growth
hormone was 18 hours before rats were anaesthetized with sodum pento
barbital fat removed and mncubated 3 hours at 37 1n Jurebs Ruinger phosphate
5 per cent albumin  Albumun was omitted as noted in group to far nght
Columns indicate the average taotal unestenfied fatty acid of medium and tissue
at the end of incubation for the number of trals specified.

the time of removal from the fasting amimals 1t would seem
that erther the i vatro environment was madequate for con
tinuation of this process or an nfluence of transient character
was operative mn the mtact ammal Circulating adrenaline
or sympathetic nerve activity in the ammal might explamn
the difference, since adrenaline 1s a very potent stimulator of
fatty acid release  During incubation of epididymal fat from
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hypophysectomized rats which had recers ed growth hormone
a net production of fatty acid oceurred (Fig 8) The effect
was seen after four daily injections of as hittle as 1 0 ug of
human growth hormone The concentration of fatty acid at
the time of excision of the tissue was not affected by pre
treatment with these small doses (Fig %)

&
Change mFatty Acid 5
During Incubation a
3
2
Microequ /g 1 ¥ l
. FE
2
P rene GH Huma GH huma GH
He ¥ Jri Jia ¢
o3 o
Intial Amount of 12
Fatty Acid 3 n
5
Microequiv /g ;
2
¥
o

Fic 3 Fatty acid output during ieubationt of adipose tissue from treated
und untreated hypophysectomized rats One piece of tissue from each
smmal was extracted and htrated immediately (imtal amount) and
another piece was titrated tog ther with medium at the end of 3 hours
wncubation  The change 13 the final munus the imtial value The value for
the change would be somewhat more positive than indicated af the final
concentration were calculated from the weights of tissue before rather than
after incubation.

The adipose tissue was shaken 1n 2 water bath at 87 1n
hrebs Ringer phosphate buffer contamnmg 5 per cent human
albumin pretreated to remove fatty acids the gas phase was
arr  Long chain fatty acids have a strong affimty for albumin
and are transported 1n the blood bound to this protemn  Albu
min in the medium promotes the transfer of fatty acids from
within the adipose tissue to the medium and 1t 1s desirable
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to provide this acceptor of fatty acids when production of fatty
acid 1s bemng measured, and particularly if large amounts are
being formed, since the accumulation of high concentrations
within the fat may slow the rate of further production

It seemed possible that when, as in the experiments ated
2 mimimal stimulation of fatty acid production was compared
with control specimens m whieh acids were exther not chang
ing or decreasing within the tissue during incubation 1t mght
be better to omit albumin from the medium, since a sizeable
fraction of the fatty acids mitially present in the adipose tissue
was rapidly transferred to albumm The firmly bound fatty
acids mught then not be available to the tissue for metabolism
and estenfication and the maximal reduction 1n fatty acids
would thus be imited The rapid transfer of fatty acid from
tissue to medium was seen when fat from three fasted hypo
physectormized rats was mecubated m medum contaming
albumun freed of fatty acids After 20 minutes the fatty aeid
content of the adipose tissue averaged 8 1 mcroequiv Jg of
tissue and there were 2 7 microequrv /g 1n the medum After
8 hours the acid 1n the tissue fell to 1 1 microequiv /g while
no further change occurred 1n the medium

As may be seen m Fig 2 the logic for omitting albumin was
not supported by the results of a small number of expermments
designed to test this point perhaps because the absence of
albummn restricted the production of acid m tissues from
treated rats more than 1t enhanced the disappearance of acid
mn untreated tissues In a few observations on hissue from
normal rats fasted for 16-24 hours 1t was seen that production
and loss of fatty acid during mcubation occurred with about
equal frequency m samples from different rats and when 8
loss of acid oceurred 1t was exaggerated by the absence of
albumin m the medium but when there was production of
aaid 1t was ted by the p: of alt

In the experzments 1n which mitial and final values of fatty
acid were determined the final concentrations were caleulated
for the weight of fat after incubation Since an increase m
weight of the tissue occurs during mcubation the final
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values may have been about 20 per cent too low, but the
conclusions would not be changed by correcting for this dif
ference

Effect of growth hormone added Ix viTRO on fatty acid
mobilization

In most of our studies with isolated adipose tissue, the
titratable ac1d was measured only at the end of the incubation
penod and in the early cxperiments we assumed as have
others in similar studies that the amount found was the
quantity produced during the mecubation Fortunately this
misconception does not invalidate nterpretations about the
effect of added agents since treated and control tissues were
from the same animal and a higher final value still indicated
a change towards greater output of fatty acad

After meubation of tissue from normal rats for 8 hours
Krebs Ringer phosphate buffcr—5 per cent albumin and
titrating tissue and medium together there was more fatty
aaid found with fasted than fed tissue but when the change
duning incubation was determned 1t was seen that the final
values did not correlate with production of acid The tissue
from fed arumals had less acid at the time of excision than
tissue from fasted ammals and the amount sometimes i
creased and sometimes fell during incubation of both types of
tissue The addition of growth hormone preparations to the
medium nereased the amount of acid found after incubation
and fasting the rat for 18-24 hours increased the sensitivity
of the adipose tissue to tius effect In Table T the response
to acetic acid extracted human growth hormone (GH) 1s
shown The mimmal effechive amount of hormone was ap
proxunately 10 pg 1n the 1 ml of albumin contaming medum
Bovine(NIH BGH 1) and poreme(acetic acid extracted)prep
arations of growth hormone were active in similar doses

The amount of growth hormone required for an effect 1n
vitro while considerablv less than that reported by White
and Engel (1958) was proparfionately more than was needed
for fatty acid mobilization when given tr 110 While there
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has been no reason to doubt that the effect of preparations
admimstered o pivo on plasma fatty acids and on the fatty
acid output of exeised ndipose tissue was due to the growth
hormone itself, this 1s not equally true for experiments
which growth hormone was added w2 vifro Studies with pitw
tary preparations have beenplagued by the extr ity

Table I

LFFLCT OF GROWTH HORMONE PREPARATIONS ADDED TO MEDIUM ON PATTY

ACID PRODUCTION BY RAT EPIDIDYMAL FAT INCURATED FOR 8 HOURS N 1L
IN EACK CASE THE EFFECT

KRLCES RINGER PIIOSPHATE » FER CENT ALBUMIV
OF THE WaAg AGAINST TISSUES FROM THE
SAME ANTMALS ‘TISSUE AND MFDIUM WERE TITRATED TOGFTHER
Groweth hormone Mo of ﬂFa/ty ag:‘gm
m medtum after incul
2) detertmnations (microequiv [z )
Human GH 0 10 10
30 10 185
0 6 77
100 6 73
NIH bovine GH 1 (4 4 77
10 4 81
0 2 5~
30 2 12
0 [ 12
500 6 86
Bovine GH ) 10 78
(Armour R285-128) 5 10 198

of rat adipose tissue to the direct addition of corticotropin
which, from Astwood s {1958) data seems likely to be active
m amounts of less than 0 01 pg The acceptance of the 1
mtro effect of growth hormone has been further complicated
by evidence of differences m the potency of preparations with
similar growth promoting activity  For example an older
bovine preparation (Armour R285-128) seemed more potent
than the recent NIH BGH I (Table I)

Tsolated human adipose tissue %as used 1n the hope that it
would distingwmsh human growth hormonc from the growth
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hormone of other species and thus help decide whether the wn
tifro activity was due to growth hormone itself  Human sub
cutaneous fat and when tested on one oceasion omeuntal fat,
were slugmsh compared to rat tissue  Adrenaline was regularly
active 1 promoting fatty acd output, but the amounts pro
duced were very much smaller than those produced by ad:
pose tis ue from the rat  We had found that § mercaptoethyl
amme was active in stimulating fatty acd release from rat

Table If

FATTY ACID PRODUCTION OF NIDMAN SUBCUTANEOLS FAT ‘TISSUE WAS RCMOVED
DURING OPCRATIVE PROCEDURE AND TREATED LIKE RAT TISSUT IN Tanie [

Amount added Noof !Fally acd

to medium after tncubation

(ug) delerminations (mcroequiv iz )
Human GH [ 19 21
100-1000 21 25
Bovine GH o 12 20
(Armour R280-18) 100-1000 12 21
Human and poreine 0 10 18
corticotropin 100-1000 18 20
Adrenaline 0 12 17
100 12 43

adipose tissuc (Raben and Hollenberg 19595) and this was
also effective with human tissue However nerther corta
cotrapm nor growth hormone of any ongin produced a
definite effect on human tissue (Table II) The neffectiveness
of these substances was not attributable to the area from which
the fat was tahen sinee both subeutancous and retrorenal fat
of the rat were found ve to these preparation

P

Mechanism by which plucose and insulin decrease out
put of fatty acids
An attempt to understand the iwction of growth hormone 1n
favounng the relcase of fatty acids into the eirculation appears
1

rom an apy 1on of the way 1t 1s opposed by
EUMAN PITTITARY—4




96 M S RaBev axp C H HoLLENBERG

has been no reason to doubt that the effect of preparations
admmistered e vivo on plasma fatty acids and on the fatty
acid output of excised adipose tissue was due to the growth
hormone 1tself, this 15 not equally true for experiments m
which growth hormone was added wn mfro Studies with pitu
tary preparations have been plagued by the extremesensitivity

Table I

EFFECT OF GROWIHN HORMONE PREPARATIONS ADDED TO MEDIUM ON FATTY
ACID PRODUCTION RY RAT EPIDIDYMAL FAT INCUBATED FOR 3 HOURS IN 1 ML
KREBS RINGER PIOSPHATE 5 PLR CENT ALBUMIN IN EACH CASE THE EFFECT
OF TAE, HORMONE WAS COMPARED AGAINST UNTREATED TISSUES FROX THE
SAME ANIMALS TISSUE AND MEDIUM WEREL TITRATED TOGETHER

Growth hormone Do of fFally a?:t!
wn medium after ancubation
wg) determinations N\ couny fg)
Human GH [ 10 10
30 10 18 5
0 [ 77
100 6 218
NIH bovine GH 1 ] 4 77
10 4 81
0 2 57
30 2 12
0 [ 12
500 6 38
Bovine GH 0 10 78
(Armour R285-128) 5 10 198

of rat adipose tissue to the direct addition of corticotropm
which from Astwood s (1958) data seems hikely to be actrve
m amounts of less than 0 01 pg The acceptance of the
wtro effect of growth hormone has been further compleated
by evidence of differences 1n the potency of preparations with
similar growth promoting activity For evample an older
bovine preparation (Armour R285-128) seemed more potent
than the recent NTH BGH 1 (Table I)

Isolated human adipose tissue was used 1n the hope that it
would distinguish human growth hormone from the growth
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of tissue acid there was usually also increased loss of acid
from the medium These changes would be expected if ester1
fication was promoted by the glucose and insulm  Glucose
alone mn the ngher concentrations (Fig 4) had a similar effect
while nsulin alone did not  With 100 mg per cent of glucose
m the medum progressively greater changes occurred with

Unesterified Acd 4
n Adipose Tissue »
Microequy /g 20
SRR
Glucase mg % 1 o wowm 20 O 040040
Insulnem units ) o wow 00w ©0koo oy
o] a-—eg -%es
Loss of Fotty Acd
Dunng Incubahon 10
Microequiv /g 2
20
Epl Ep2 En3
40 2Rat 2 Rats. 3RS

F1c 4 Effect of glucose and mnsulm on the uptake and esten
fication of added olewc acad by rat epididymal fat  Four preces of
£at from each fed normal rat were compared with different supple
ments to medwm  Tissue was meabated 3 hours at 37 10 uoebs
Ringer phosphate 5 per cent albumin_contamng 10 micro-
equiv oleic acid 1n one ml Thsue and medium were titrated
separately at the end of incubation The upper bars mdieste the
concentration of unesterfied fatty actd in the tissue and the lower
bars the amount of titratable fatty acid di appearing during
meubation

increasing, amounts of insulm (Fig 5) and an effect was
usually detectable with as httle as 30 microunits

The evidence that enhanced metabohsm of glucose by adi
pose tissue imhibits the release of fatty aeds by promoting
estenfication rather than by depressing Lipolysis of trigly
cendes correlates well with the findings that the hipoprotein
lipase activity 1s greater in the adipose tissue of fed than of
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glucose and nsulin  The mfusion of glucose 1n fasted normal
dogs and glucose and msuln m diabetic anmals preapibously
lowers the plasma fatty acids desprte pretreatment with large
amounts of growth hormone Our studies suggest that the
abundant avalability of carbohydrate to adipose tissue re
stricts the release of unestenfied fatty acids by promoting
esterification of free acid

It was shown by Gordon and Cherkes (1958) that glucose
and mnsulin diminished the fatty acid output of 1solated adt
pose tissue as Jjudged by the amount of acid in the medum at
the end of mcubation The pattern of the response becomes
clearer however when the total amount of acid present at
the start and end of incubation 1s known During incubation
of fat from 16 to 24 hour fasted normal rats m XKrebs
Ringer phosphate 5 per cent albumm both ncreases and
decreases of fatty acid were seen Vith glucose and msulin
present, there was regularly a decrease of fatty acd and m
the case of tissues which lost actd even in unenniched medum,
a greater fall oceurred with glucose and nsulin  Swnce the
addrtion of glucose and insulin would not have encouraged the
metabolism of fatty acids 1t was assumed that the missing
fatty acids were esterified This view was further supported
by experiments in which the changes were exaggerated by the
addition of high concentrations of fatty acid to the medium

Epididymal fat from fed and 18 hour fasted rats cut into
preces weighing about 80-100 mg was incubated 1n 1 0 ml
Krebs Ringer phosphate 5 per cent albumn contammng 10
microequy of oleic acid  After 2 or 8 hours there was loss
of acid from the medium usually with more than half the loss
accounted for as free actd in the fat The concentration of acid
1n the adipose tissue was three or four times that in the medium
and the effect of glucose and insulin was to lower the concen
tration of free acid 1 the tissue and to cause a greater total
disappearance of acsd (Figs 4 and 5) Wuth the smaller dases
of glucose and msulm the decreased concentration of acid in
the fat was not necessanly accompanied by a greater loss from
the medium but with larger amounts and o greater decrease



Growrn Horuove anp Farry Acios 101

Relation of the release of fatty acids to the anabolic effect
of growth hormone

Bath forced feeding and aduunistration of msulm have been
reported to produce mtrogen retention and growth in hypo
physectomzed rats but only with sufficient food to cause
excessive formation of fat  Thus an ample calore supply to
tissues may of itself be wnabolic Growth hormone mduces
anabhohsm and growth without the calone wastage of fat
formation snd it wonld be of mterest to hnow ~whether the

of abundant cal 1n the form of fatty acids 1s an
xmportsmt part of its anabohe action  There 1s no adequate
evidence to decide whether the mobihzation of fatty acds 1s
a primary ection of grovwth hormone or whether 1t 1s & conse
quence of another mechansm of anabolic effect  The extreme
sensiiivaty of the fattv acid response to growth hormone sug
gestsitsymportance In our earher studies an effect on plasma
fatty acids was seen i & hypopituitary subject with less than
10 pg of human growth hormone per Kg and i the present
work 1pg per day affected the fatty acid output of adipose
tissue removed from hypophvsectortzed rats These are prab
ably the smallest doses of prowth hormone shown to have a
brotogical effect

The mechamsm by which gronth hormone augments the
release of fatty acmds from adipose fissue remams obseure
Evidence 1s presented that glucose and wnsuln hmut the
release by favourmg esterification of fatty seids and it may be
of interest to study the action of prowth hormone on this pro
cess In any case detaled mfi 10u about the mech:
af action of growth hormone § to become
aceessible and a more hnow !ed"able discusston shoald saan bc
possible

REFERENCES

Astwoon E B (1908) Personal eommunication

Besr € XX onid Casencee 3 (193%) J Xhywmal {Lond) 86 100
Brown J nnd Besnery L R (1909) J chin Intest 38 993
Dotz Vv P (1056) J chin Jnvest 35 1.0

i

\
- -



100 M S RaBEN anp C H HOLLENBERG

fasted rats, and that glucose and msulm added tn vatro pre
vent the fall of lipolytic activity durmg meubation which
otherwise occurs (Hollenberg 1959¢ and b) The data are
also consistent with the work of Shapiro Chowers and Rose
(1957) mdicating that adipose tissue from fed rats estemfies
fatty acids more readily than tissue from fasted rats Addition

40
Unestenifred Acid
in Adipose Tissue 30
Microequw /g 2
i ,l ' E
Insulin-m~-units .° © 003 03 .l © o0 !! @ om0l 3
o 100 mg ¥/ Glucose i ol Somple
Loss of Fatty Acid 10 g
During Incubotion
20
Microequv /g
mj Eips £x06
2Rats 2Rats 2Rats
40 z

Fie 5 Effect of mereasing amounts of insulin m the presence of

glucose on concentration of unesterified fatty acid 1n adipose tissue

and on disappearance of added oleic acid [issues were mcubated

2 hours but other conditions were the same as for Fig 4 Fed

normal rats were used 1n Experiment . and 18 hour fasted apmals
m Experments $ and 6

of glucose to mcubating shees of rat mammary gland was
shown by Hirsch Lossow and Chaihoff (1956) to mncrease
estertfication of fatty acids and thus the enhancement of
estenification by carbohydrate metabolsm may be a more
general phenomenon among tissues acting to mmmmze the
metabolism of fat both by restricting the output of fatty actds
from adipose tissue and by promoting storage rather than use
of the available acids in other tissues
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Russell Fraser Does your difficulty m obtaimng any wn widre
release of unesterified fatty acids from the epdidymal fat pad with
growth hormone suggest that 1f you added serum from an anumal
wyected with growth hermone you mught obtawm a diflerent result ¢

Raben That has not been tested adequately The doubt about
the 1a 11iro effect of growth hormone on release of fatty acids arses
from the large dose required and from the difference of effectiveness
of vanous prowth hormone preparations

When fat1s taken from o fasted rat 1t 1s talen at & time when the
fat must be providing large amounts of fatty acids jet it produces
only a small amount dunag incubation so that the 12 1ifro hehaviour
1s not simulating the behaviour at the time of removal Some factor
whith 18 operative in the ammal and which 15 transient may be
mssmg or else the w2 vitre environment 15 not sabisfactory  One
possible dilference worth considersng 15 the sbsence of sympathetic
nervous actvity when the fat 1s exersed

Young Dr Rahen doyou consicer that there miy be an icereased
secretion of grow th hormone duning fasting ?

R ere wonld not have to be an merease to control fatty
amd output because if the growth hormone were constant the meal
would suppress any fat mobihzing effect 3t had and 1t could be
operatine betneen meals to molmhze extra calortes  This provides
= mechanism in which growth hortmone sould not hate to fluctuate
and yet would be able to control the rate of mobihization of fatty
and between meals

Young What sbout longer fasting ?

Raben. 1 cannot say

Beck. Dr Raben 15 there any wformation from work with the
epididymal fat pad as to whether the age of the rat males any dif
ference to the growth hormone response to the 1 2ire addition of
growth hormane 7

Raben Since T am not certain about the e r1ro effect of gronth
hormone at any age I cannot say but older rats may have less
active fat and be less responsne

Bech It 15 remarhable that huge quantities of growth hormone
are required 15 vitro when about 8 5 mg sn 8 70 hg hy poprttary
gahent led to such & marhed increase I wonder whether exeryone

ins been using eprdidymal fat pads from older ammals without domg
1t w younger ammals
aben Most of our expernments were with 150 to 200 p rats

Balkebns Wath respect to Dr Bechs queston afthough this
does nat coneern prowth hormane Dr Baif and his ¢o workers have
published data showing that as far as the msubn effect on the epdh
dymal fat pad s concerned age 3s very amportant (Hagen 3 M
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DISCUSSION

Ly Dr Raben do you say that ACTH has no 1n zuto effect ?

Raben ACTH hns little 1f any effect on plasma fatty acids when
injected In man  The value was a httle higher than m the controls

L1 Your previous stuches indicated that ACTH 1s about I 000
times more active than growth hormone m mobilizng fat from depot
to liver 1n the mouse but now hase you found that the effects of both
1n the human are about the same m this respect ?

Raben The plasma values of unestertfied fatty acids mereased
m man 2—4 hours after mtramuscular mjection of 0 5-4 0 mg o
human growth hormone but were hitle affected by an equal amount
of ACTH

Lz 1 recall that at one time you mterpreted the adipoknetic
effect of growth hormone as a contammating factor In view of thrs
current observation do you thnk that your propesed contaminating
factor responsible for the fat mobiizing effect n ACTH and m
growth hormone 1s a different one m each of the two hormones ?

Raben The factor which when njected ncreases unesterified
fatty acids seems to be growth hormone 1tself
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physectonuzed diabetic antmals to see what lack of mnsulin would de
to the system ?

Raben Drs R O Scowand E B Astwood studied adipose tissue
{from totally depancrenatectormzed rats There was a large amount
of free actd m the tissue at the time of excision (about 25 yequis [o
as Trecall) vet the output during the meubation period was small
It was rather kke an accentuation of what accurs m fasting ammals

Beeh Ve also gave growth hormone to acromegalies and we
observed a very shght rise 1t 1s very much less dramatic than when
giien to the normal fasting mdividual  Ineidentally obese mdnad
uals are very reswistant to the mjection of growth hormone during
fasting The plasma unestenfied fatty acid 1s high to start with and
one can merease 1t but the slope of the increase 1s very much less
than 1n normals

Walhelm: Dr Raben have you made any observations on the
effect of growth hormone on unesterified fatty acids mn normal
children ?

Raben. No

W tlhelms Dr D Bergenstal told me that he tned human growth
hormone m normal children and got no response—as if they were
already well saturated He was looking I believe for nitrogen re
tenhion

Russell Fraser We have seen a rise in unesterified fatty acxds m a
ten year old boy who was a normal subject mn this respect

Dr Raben have you any information on whether the extent of
the response 15 1n any way influenced by the basal level  One mught
expect that 1t would not be

Raben 1 do not know

de la Balze TIf you give such a patient or an ammal grow th hor
mone and then add thyroid hormone do jou then get an increase of
unesterified fatty acids ?

en That was not done It 1s rather remarhable that the re
sponse to growth hormone 1s so dependable considering the large
number of factors that affect the level of unesterified fatty acids
Tuding ad fever hypertt il and errcumst:

demanding more calories Tatty acids 1n normal individuals after an
overmight fast change very lttie during 8 1 hour period hut almost
msanably nse with growth hormone  Conditions that lead to
creased plasma fatty acids are often those m which more calories are
required by the tis ues but perhaps with growth hormone more
calories are provided than are being demanded
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Ball E G and Cooper, O (1959) J biol Chem 234 781) Inthe
older and heavier rats this effect 1s reduced to quite a small propor
tion of the optimal effect which occurs 1 rats of about the order of
150-180 g Perhaps the other responses might be expected to be
smmilarly reduced

Russell Fraser It 1s equally frue that stimulus of the sulphate
uptake by cartilage 1s very strihingly related to age

Read We have used the emdidymal fat pad to study the effect of
human growth hormone on disappearance of glucose (not on fat)
and the production of CO, and hay e been unable to find any effect
of 1t whatsoes er 1n concentrations of 25 m pg /ml up to 1 pg /ml

Raben Vmegrad Shaw and Renold found an merease 1 glucose
uptake by adipose tissue and mcreased conversion to CO, with
0'2-1 6 mg growth hormone/ml (Winegrad A I Shaw W N
and Renold A E (1958) J clin Intest 37 943)

Zuft Dr Raben were you able to measure any release of tn
glycerides mnto the medum m the en velro system when you used
tasting animals ?

Raben I have not measured that but one would hase to be sure
1t 15 not from the cut edges

Bech We have some mformation about the extreme delicacy of
this mnlibition of the growth hormone mduced mse m unestenfied
fatty acid with glucose For mstance m the normal mndudual if
yougie 5mg growth hormone after a surtable period of fasting and
a constant mnfusion of glucose e g 8 g /hr there 1s the expected rise
which one saw when no glucose was grven If one then repeats this
experunent with a 6 g /hr glucose mtusion the growth hormone 10
longer has an effect on the unestenified fatty acids i the same dose
therefore 1t must be a very delicate balance

de la Bal.e Dr Raben have you carned out electrophoresis of
the amimal serum and Sudan black staining

Raben We have not studted 1t

Mahnow Have lipids other than unestenified fatty acids been
measured e g cholesterol ?

Raben Walgram reported that only unesterfied fatty acids were
rapidly affected but after several days of growth hormone mjections
m dogs other blood lipid components rose (Wilgram et al 1959 loc

[

d)e {la Bal ¢ Have you tried this with the serum of acromegalic
patients ?

Raben T have injected growth hormone twice nto acromegalic
patients and have not obtamed a nse 1 plasma unestenified fatty

ds
ac’}’tamm Have you studted the 1solated fat 1n diabetic and hypo
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Once preparations of growth hormone active m man 1e
human growth hormone became available 1t was posuble for
the first time to study 1its effect on metabolic processes
human subjects

We have been mterested mn this problem and performed
some studies with human prowth hormone i different groups
of patients The growth hormone preparation used by us was
prepared by Gemzell according to the procedure of L1 and
Paploff Biological testing 1 hypophysectormzed rats
showed that human growth hormone and bovine growth
hormone are equally active on a weight basis Furthermore
human growth hormone contans only msigmficant amounts
of adrenocorticotropic hormone (ACTH) (less than 80 pg /mg )
and thyrod stimulating hormone (TSH) (0 5 US P umts/
mg) As expected these amounts were of no sigmficance m
climeal work Ten mll gwen 1mtr: larly daly
for 12-16 days did not influence the adrenocortical activity
or thyrord function of four patients studied m these respects
(Table I} Nor could any measurable amounts of oxytocin
or vasopressin be demonstrated i our preparations (tested
at levels of 10 and 5 ug /mg respectively)

The results obtaned with this growth hormone preparation
are presented below

Protein metabolism

Ten milhgrams of human growth hormone were given
daily for 12-16 days to four adult subjects on a complete
metabohie study (Ikhos Luft and Gemzell 1908 1909a)
This was folloned by a prompt anabohe action as shown by a
retention of mtrogen phosphorus and potassium  Thas reten
tion persisted during the whole period of growth admmistra
tion  Upon withdrawal of growth hormone the retention of
nitrogen phosphorus and potassium stopped and the balances
became negative It 1s of mnterest however that the loss of
mitrogen dunng the post treatment period was sigmficantly
smaller than the retention during growth hormone admims
tration



ASPLCTS OF THE METABOLIC ACTION OF
HUMAN GROWTH HORMONE*

Drnis Inkos anp Rour Lurr
De; of Endocny b Rarolinsha spubhuset

oY and.
Stochholm

Our knowledge of the effect of growth hormone (GH) n
man has hitherto almost exclusrvely been indireet, and based
on observations 1n patients with acromegaly and pitwtary m
sufficiency  Growth hormone prepared from ammal prtuitar
1es has sometimes caused metabolic alterations in man similar
to those observed 1 ammals but has usually becn inactive
(see Smuth, Gaebler and Long, 1955, Astwood 1955) Thus
the situation with respect to growth hormone differed from
that 0 other pitwitary hormones which prepared from ammal
glands are generally active in man as well

It was suggested n 1955 that the discrepancy between
growth hormone and other pitwitary hormones as regards
their activity i man might be due to a species speetficity of
growth hormone (Wilhelmn 1955) Data collected since then
support this view  Human growth hormone has been shown
to be metabolically active 1n man  The spectes speaificity of
the hormone 1s confined not only to man but also to some
other speeies  In general it can be stated that growth hormone
prepared from pituitaries of lower ammals 15 mnactive mn the
lugher species whereas growth hormone from higher species
15 active 1 the lower ammals as well Physicochemical
studies have shown differences between growth hormones of
different ongin which might form the basis of the species
speatfiesty (Ta and Paphoff 1956)

« 'This work was made possible by prants from the Swedish fedical Tte
search Counci) the Swedish Diabetics Assoctation and hout and Alice Wal

lenberg s Y'oundation
106



Asrects oF Merasorie Acrion or Human GH 109

S0+ 18— Lt a1+ 995 — IopI+ g 00+ 03 v— o S+
met+ g8+ soet+ gt ¢e~ gge+ 189I+ igy— sgod+
o8+ 960 L + 60 07 +

e1— 8- S6— 926 0P~ 91g— €30-— 360+ ST L—
sgt+ g— oL+ zgoz+ 80" + rEsrt+ e 0P+ 9o 0— 8 0P+
cog + %0¢ + 98 28 +

e+ s+ z-— e — et 9°95-— BuiL— FWE+ ¥EI—
gog+ 2+ g6zt 9198+ 00"kt Srii+4 83 O0v+ 081+ 8F g€
g  sawmf  uun oL s3000f uun I, s90apf sunn

—
( ainbs w) wmssvjog ( “u) snioydsoyg () wo%r A

143

¥

sl

o1

a1

ar
shiop

w

uotin
g

HAISSYIOL GNV SQUONES0RE NITOULIA 20 SIONVIVE EALLVIANA]

II 3qeL

auoutioy
Yimord

uouszoy
w03
w0l
Free
2%0d
auounay
Qa0
0L
JudnnEAL
wod
auousty
o3

porag

20



Dents Inkos anp Rovur Lurr

108

€0— L Sl
va+ 92+

uouLioy 1047400
wnosd
—
Uomor 1)
2Y0jdn frer
g

MOILVILSININGY INORUCH HIAMOUD DAIUAM ANV THOXIE SNOLIONAL QIOHAHL ENV TYILLEOIONTUAY

SUAOLVAMILINIP J0 23 3w 830
Le veg 6% ¢%

LA 0L 9¢

auoutioy 1047000

yinosd

—_—
{/ &)

2utpor punog wiajosg

(8 8T) WoquIT 03 A 30398 PA¥MOTY 4

UIP Kagay )
Gn8 6l (D)8 er
GOsol GO ar
Gno st (e et
Gzt (mo st
u«“ﬂ% 1043u09
—

{841t 13/ Bw)
Spiosas NIy L1

19198y

U2184 U] SIn3g 53t 84 wwojq

gy Guze
GU8L  GDoL
G018 (zDzs
GU2s (s
suowsoy  foruos
ynos®

(n 54y 73] Fus)
SP0INSOIIL LT

o -

@

a0



Asreets oF MEtapouie Acrion oF Huwas GH 111

exeess potasstum mnght have been used for new formation
and storage of glycogen

Another expression of the anabohic effect of the human
growth hormone was the change 1n creatine exeretion (Fig 1)
Case 1 had nereased creatinuna during the control period

™ Case 2
* [J
- et trme— e
L} [ZEZ)
g™ Case 3
£
S
- N
2 s v———
o o (CE T
£
22
J: W[ o 4
0
o
° TR e
——
-5 Q +5 +10 +15 *20 425 +30

Deya
Fia 16 Creatine excretion 1n unne (mg /21 tours)

most probably because of the patient s rheumatord arthntis
The creatinuna showed a clear derrease during the growth
hormone period A smaller but significant decrease 1 ereatine
exeretion was also observed i Case 4 in which the creatine
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The amounts of nrtrogen phosphorus and potassum
retamed durimg the growth hormone period are shown m
Table II The nitrogen retamned corresponded to 0 5to 1 6

500

-~
8
=3

Case 1

Creatine mg /24 hrs
o

n
8

100

— bk e 4
10 H o 6 T M

Fi6 1a Creatme excretion 1 urne (mg /24 hours)

kg of fat free protoplasm Caleulitions showed that the
amount of phosphorus retamned agreed well with the amount
expected from the balances of ather elements (mtrogen and
caloium) whereas potassium was retamned mn excess The
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The results as regards protemn metabolism obtamed by
different groups are summanzed in Table IV The results of
the Brtsh group (Medical Resewrch Council 1959) are
1dentical with ours ‘The absence of an unequivocal nitrogen
retentron 1n one of their cises could be explamed bv the
short duration of growth hormone 1dminstration (total dose
15 mg 1 two days) The difference betneen the results of
Beck and co workers {1928) and those of the two other groups
cannot be explained

Calctum balance

Growth hormone ficantly 1mnfl d the caleu
metabolism (Table V) All four patients showed an mereased
unnary excretion of calaum the loss varying between 650

Table V
CUMCLATIVE BALANCES OF CALCICH
Cafertm (m,, )
Duration
Case Perrod wndays  unne  faeees Total

1 growth hormone 12 888 41572 + 684
past treatment 16 — 496 +720 2.4

Total <+ 608

2 growth hormarne 16 ~720 1206 73936
post-treatment 12 — 180 ~134 ~15%

Total 3460

3 growth hormone 14 —01 714 138>
4 growth hormone 14 ~13"%  ~1533 ~2012

and 1380 mg for a treatment peniod of 12-16 days The
faecal excretion of ealcium wmereased m three of the patients
whereas 1t decreased m Case 1 Consequently the total
calerum balance was negitise m three cases but positne 1n
one  Upon withdrawal of growth hormone the uninary loss of
caleium decreased Here as well a discrepancy  ewsted
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excretionvalues were somewhat raised before growth hormone
The normal creatinuria of Cases 2 and 8 remained practically
unchanged

A further sygn of the anabole action of growth hormone
was the decrease n non protemn nitrogen (N P N ) observed
during growth hormone treatment (Table III)

Table IIT
NON PROTEIN NITROGEN IN BLOOD (MG /100 ML)
Case Case Case Case
Perrod 1 2 3 4
control 40 38 38 38 36 3+ 83 40 45 42 38 40 43 31
growth
hormone 24 30 24 28 22 30 32 27 23 81 27 30

Table IV

EFTECT OF HUMAN GROWTH HORMONE ON PROTEIN AND CALCIUM
METABOLISM IN MAN OBTAINED BY DIFFERENT RESEARCH GROUPS

Briish
groupt  Dechetal  Present
Change* (1959) (1958) authors
mitrogen + 7 3 4
balance + 1 1
0 2
phosphorus + 1 4
balance + 3
] 2
potassium + 4 2 4
balance + -
o 2
NPN orurea decreased 4 1 ]
1n blood unchanged
unnary decreased
calelum increased 8 4
unchanged
caleum + 1 1
balance + 3
[ 2z
— £

{+) elguifies po Hive balance () & smaller and Iess significant chag  (0) no re ponse

fh
¢ r) Urme Studies ooy
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When growth hormone was discontinued these elements were
once more lost and the volume of the cxtracellular flmd de
creased

Bodv weight increased n all patients dunmng the growth
hormone prriod Lut the woght ganed was rapdly lost when
growth hormone was discontinued (Fig 2) Since nitrogen was
not Jost 1n the post treatment period 1t 1s haghly probable
that the rapid weight changes were due chiefly to changes
in the yolume of the extraceliular fluid and not to changes
m the cell mass

The retention of sodium and chlonde raised the question
whether growth hormone increased aldosterone secretion

Table VIIL
ALDOSTLRONE 1N LRING

Aldosteronie in urene {gg 73 krs }

contral growth hormane post treatment
Cose peniod perod perod

1 30 0 5-3 0-3 O- [
054009

2 1. 101 0-1 0 2 0-2 0~
1010 10-1 0

3 20 204020

4 180 «0-3020

Me surements of unnary aldosterone 1 the four ¢1ses (Table
VIII) did not show any changes during the growth hormone
perod It thus looked as if the observed retention of electro
Iytes ond water was not mediated by aldosterone  On the
other hand anincreased aldosterone excretion has beenxeport
ed following growth hormone this increase depending in par,
on the dosc of growth hormone (Bech efal 1928) Vie have
latelv re examined this question n short term studies with
30 mg  of growth hormone daly for three days 1n healthy
volunteers Waith this dose a definite ncrease m urmary
aldosterone was observed (Hohfelt Ihhos and Luft 1959)
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between the results of Bech and co workers (1958) and the
present authors (Table IV)

Sodium and chloride metabolism

During the growth hormone pertod there was a sigmificant
retention of sodium and chloride and a concormitant mncrease
mn the volume of the extracellular flud The retention of
sodium and chloride and the increase in the extracellular
flurd were observed m all four cases (Tables VI and VII)

Table VI
CUMULATIVE BALANCLS OF SODIUM AND CHLORIDE
Duration Sodium Chlonde

Case Period n days (mequin)  (mequit)

1 growth hormone 12 - 384 + 202
post treatment 16 - 32 —64

Total + 8.2 + 188

2 growth hormone 16 + 820 + 144
post treatment 12 — 288 — 264

Total 482 — 170

3 growth hormone 14 -+ 224 + 175
4 growth hormone 14 + 252 + 196

‘Table VII

V OLUME OT' EXTRACELLULAR FLUID
Eztraceltular flurd (1)

case case case case
Period Days 1 2 3 4

control —8 18 5 28 9 17 = 18 2

-1 18 2 79 8 4

owth +7 10 0 3.0 w7 18 9

bhormone +14 18 6* 07 183 100
post +21 1w 20 0
treatment +23 188 214

Trwo days after di contlouat on of growth bormone administr t1
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Carbohydrate bolism and & it

The sigmficance of growth hermone 1n earbohy drate meta
balism and ketogenesis since 1t was first demonstrated by the
poneer worh of Houssay and Y oung has beenwell established
One of the mam objects of the present study was the refore to
examine the effect of human growth hormone on these meta
bolic processes In the first senes of studies human growth
hormone was given to three patients with juvenle diabetes
melitus who had been hypophysectomized a few years
earher because of rapidly progressing vascular compheations
(Luftetal 1958 1959) The use of such subjects was suggested
by the fact that the diabetogeme effect of growth hormone
1s most pi d m diabetic Is especially if they
have been hypophy sectormzed previously (see the review by
de Bodo and Altszuler 1907)

The effect of a dmly dose of 10 mg of human growth
hormone on the three hypophysectomized juvenile diabeties
can be inferred from Fig 3 In the first of them the admims
tration of growth hormone was followed by a prompt deterior
ation 1n the diabetic state as shown by a mse m the blood
sugarlevel 1n glycosuna and hetonuria (Fig 3¢} The gencral
condition of the patient deteriorated rapidly and the study
therefore had to be di d 36 hours latcr by goong the
patient a large extra dose of mnsulin  The response of the
second patient to growth hormone was rdentical with that of
the first one  Here too alarge dose of extra insulin had to be
given 36 hours after the first injection of growth hormane
{Fig 8b) The response of the thard patient was qualitatively
wentical with that of the previous two (Tig 3¢) Howeser in
this case the deterioration i the ditbetic state was slower and
1t was possible to continue administration of growth hormone
for eight days Furthermore 1n this ca ¢ the diabetic state
returned slowly to the pre treatment condition, and the
ketonuna decreased to the imtial level without extra insulin
being mven  We have no data regarding the mtrogen balance
m these patients

All these three patients got growth hormone from the same
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GROWTH HORMONE
10 mg per day
Lo ]

L1 ]
(EsuuL .
S8 sonl
38 400 , 1 .
gb 1]
§5zo0t 4
2
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sol i
N gof J
MR
35, ant 4
3N 20b
g nrﬂ—i"(-—u 1
0
N BB I NB2s2T1 35 79
Febroary March
1958

Fic 8¢

Fi6 3 a bandc Effect of growth hormone on the diabetic state
m three hypophyseetormuzed juveme diabetics (From Luft ef
al 19 8 Reproduced by petms 10n of the Editors Lancet )

batch Ve later had the opportunity of studying the effect of
two other batches of human growth hormone on Case 2 and
almost 1dentical results were obtamed The only difference
hitherto seen was that one of the preparations had a much
more prolonged effect and extra mnsuln up to 60 umts per day
(ordinary daily msulin requirement 16 units) had to be given
for 10 days after a single injection of 10 mg of growth
hormone

The Letogeme effect of growth hormone 1n these patients 1s
€ven more stnhing  Thas 15 because metabolic acidosis seldom
if ever develops mn hypophysectomized diabetic patients
under conditions which i the presence of the hypophysis
would lead to ketosis In four hypophysectomized diabetic
subjects insulin was withdrawn for 24-48 hours and despite



118

BLO0D SUGAR
{mg per 100m1 )

GLUCOSE IN URINE
{g per day)

o

-3

Denis Innos aNp Rorr Lurr

GROWTH HORMONE
sool 10 mg dail

o
a
a
T
.

BLOOD SUGAR
{(mg per 100 m1 }
N s
o a
o a3
—
R

a

__________ [P

N oA oa@
o o o
T

P

CLUCOSE IN URINE
(g perday)

3 en PN
18 72022 24 5526 2 4 6 8
February March
1958

Fia 3a

SROWTH HORMOKE
10mg duly 10

@

o

o
T

] .

Noa
)
)

T

Q
o
T

a

o
o

»
o
T

113 s

e
17 13 23 2325 27 1 3
February M
1958

arch

Fic 3b



Asrects oF Merasoric Actiov or Huvax GH 121

the intact patients reacted so dramatically to growth hormone
as the hypophy sectomized ones although the former recerved
daily doses of growth hormone three times as large It should
be added that the growth hormone g1ven to the mtact patients
had been tested for activity in the above hypophysectomized
Case 2

This absence of a stnhing effect of grow th hormone 1n non
bypophssectomized diabetics was unepectcd 1n the hght of
expenence from ammal studies No explanation of 1t can be
mven at present

The eflect of growth hormone on carbohydrate metabohsm
and Letoge nesis has also been studied in non diabetic subjeets
Fasting blood sugar level glycosuria and hetonunia were
followed m all four patients 1 the aforementioned metabolic
study, who recetved 10 mg of growth hormone daily  Fasting
blood sugar remaned unchanged and glycosuma did not
appear during prowth hormone treatment On the other hand,
hetonuria increased 1n ll but one of the patients (Fig 4)
This increase was noted within 48 hours of the first mjection
but Iater decreased despite the continuation of growth hor
mone Intravenous glucose tolerance tests m two of these
subjects showed a decreased disappearance rate of glucose
9; value) winch persisted duning the whole treatment period

1g 5)

In the next series eleven non diabetic subjects without any
obvious disease were gnven intramusenlarly 80 mg of growth
hormone daily 1n divided doses (15 mg every 12 hours or
10mg every 8 hours) for three days (Ihbos Luft and Gemzell
19205)  All subjects were given o high carbohvdrate diet—
300 ¢ or more of carbohvdrate dmly—for t least 4 days
before growth hormone admmstration and during 1t Im
mediately before the first growth hormone myection as well
as the dav after the last mjection (8-12 hrs afterit) a modt
fied ingr: glucase test was pe d n the
mornmg 1 apost absorptive state as follows  aftera primung
intray enous injection of 100 ml of 25 per cent glucose solution
8 eonstant ifusion of a 15 per cent glucose solution was given
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the marked increase m hyperglycaemia there was only a
minor mcrease 1 hetone body exeretion

The question then arose whether this prononnced effect of
growth hormone in hypophysectomized juvemle diabetics was
due to hypophy sectomy or to the type of diabetes Therefore
in the next series of studies growth hormone was given to
non hypophysectomuzed patients with diabetes of either the
juvemle or mature onset type (Luft ef al 1959) The results
s0 far obtamed are presented in Table IX Because of the

‘Table IX

EFFECT OF GROWTH HORMONE ON THE DIABETIC STATE
IN HUMAN DIABETIC SUBJECTS

Growth hormone Growth honmons
(10 mg fday) (30 my iday)
Increasesn Increase

blood glycos keton blood  glycos  keton
case  swer  wna nat  sugor wna  unaf
Hypophysee K EB  + + +
tomized AG + + +
Juventle BB + + +
Go + + +
Non hypo TK - - - & [P
physectom B A — —_ + + +
1z LLC - - -
Juvenile RMS + + (+)
Mature onset O T o
onmsubn B G +) (4} — + + -
Mature onset G J — - i
on oral AF + +
antidmbetic K E J —_ = =
drugs c¢B + o+
KD I I =

-~ denotes no change (+) & probable increase and -+ an unequivocs! {ncresse In blood
ugar or glycos 5
't — demotes no change (+) an increas but within the limits observed {n pon-diabetic su!
jects on growth hormone and + a pronounced increase in ketonuria,

small number of patients no definite conclusions can be drawn

There did not however seem to be any drfference between the
two groups of diabetics with respect to their reaction to grow th
hormone Morcover the absence of the pitwtary gland
ncreases the sensitivity to growth hormone smice none of
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the intact patients reacted so dramatically to growth hormone
as the hvpophysectomized ones although the former recersed
daily doses of growth hormone three times as large It should
be added that the growth hormone given to the intact patients
had been tested for activity 1n the above hypophysectorzed
Case 2

This absence of a strikang effect of growth hormone 1n non
hypophysectomized diabeties was unexpected 1n the hght of
experience from ammal studies  No explanation of 1t can be
given ot present

The effect of growth hormone on carbohy drate metabolism
and hetogenesis has also been studied m non diabetic subjects
Tasting blood sugar level glycosuna and ketonuma were
followed 1n all four paticnts 1n the aforementioned metabolie
study who recerved 10 mg of growth hormone daily  Fastmg
blood sugar remamed unchanged and glycosuria did not
appear duning growth hormone treatment  On the other hand,
ketonuna inercased 1n all but one of the patints (Fig 4)
This mcrease was noted within 48 hours of the first mjection
but later decreased despite the continuation of growth hor
mone Intravenous glucose tolerance tests m two of these
subjects showed a decreased disappearance rate of glucose
(1['\‘ value) which persisted during the whole treatment penod
(g 5)

Inthe next serics eleven non diabetic subjects without any
obvious disease were given intramusenlarly 30 mg of growth
hormone duly 1n divided doses (15 mg ev ery 12 hours or
10mg every 8 hours) for three days {Ikkos Luft and Gemzell,
19:05) Al subjects were given a gh carbohydrate diet—
200 g or more of carbohydrate daily—for at least 4 days
before growth hormone admimstration and during it Im
mediately before the first growth hormone njection as well
as the day after the last injection (8-12 hrs after 1t) a modt
fied mtravenous gluco e tolerance test was performed n the
MOrning 1n a post absorptive state as follows  after 2 pniming
ntravenous ijection of 100 ml of 25 per cent glucose solution
a constant imfusion of 1 15 per cent glucose solution was given
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the marked mcrease m hyperglycaenna there was only a
minor mcrease 1n hetone body exeretion

The question then arose whether this pronounced effect of
growth hormone in hypophysectomized juy enile diabeties was
due to hy pophysectomy or to the type of diabetes Therefore,
m the next series of studies growth hormone was given to
non hypophysectomized patients with diabetes of erther the
Juvenile or mature onset type (Luft ef al 1959) The results
50 far obtained are presented in Table IX Because of the

Table IX

ErFLCT OF GROWTH HORMONE ON THE DIARETIC $TATE
IN MUMAN DIABLTIC SUBJECTS

Grouth hormons Groncth hormons
(10 g [day) (30 mg iday)
Inere  an Incre ssn

bood  gly s Leton blood  glycos  keton

Cose st ‘uma  unap #gar una  wnal
Hypophvsee K EB  + + +
tomtzed G + + +
jusenle B B + + ¥
G o + + +

Non hypo Th - - = ¥ 4+ =

physectom B A — — — + + +
1zed LE - - =

juvenle R M S + + ()

Mature onset O T P —

onmsuln B G ) (B — o+ PR
Mature onset G J —_ = =

on oral AF + + -

sntidiabette X T J I -

drugs CB + +  (H

LD ¥ R

depotes no change (+) B prob ble increase and + an unequivocal increase in blood

sugar o plycos
— detotes po change (-3 an fncrease but within the limits ob erved fn non diabetic sub
Jects on growth hormone and + a pronoun ed increase in ketonuria

small number of pattents no defimite conclustons can be drawn
There did not however seem to be any difference between the
two groups of diabetics with respect to their rexction to growth
hormone Moreover the absence of the prtwitary glind
neretses the sensttivity to growth hormone since none of
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eases but decreased i the remamung sexen  In sre of these
seven tases the h value was 1 0 or less after treatment wath
growth hormone (Fig 6} The changes m the concentration
of pyruste lactie citne and hetoghutanie acids during the

k~vatue
3
O before GH
§ ¥ after GH
2—

& &

-

A
Casenol 23 4 5 67 89101

F16 6 Changes 1n the rate of disappearance of
glucoss (4 + a!%x?) wath 30 dﬂf of growth hortoose
per cay

glucose tolerance test (F1g 7) were uminfluenced by the gronth
hormone treatment except in thase threc cases {nos 3 4 and
7)in which the Jowest values for the rate of disappearance of
ghucose were ohsers ed after growth hormone {0 68 0 70 and
0 G4 respectinely) The non estenfied fatty sad level w
Plasma was 1 by growth but the resy of
Bon estenified fatty amd to intravemous gluesse was not
changed by growth hormone (Fig 8)

Thus growth hormone i a daly dose of 10-3¢ mg
short term expenments induced a decrease i the rate of dis
appesrance of glucose m 9 out of 13 non diabetic subjects
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for one hour at a rate of 8 2ml /min (about 80 g of glucose)
Blood glucose concentration was measured before the test at
the end of the infusion and every 5 minutes thereafter for one
hour The rate of disappearance of glucose (h value) after
discontinuation of the infusion was caleulated by plotting ona
semmulog paper the blood glucose concentration aganst time

k value Cose 3 Case 4

uai
n s 3 © " ” s 3 v o u 0oys

GH GH

Fic 5 Changesin the rate of disappearance of glucose ( value} with 10 mg
of growth hormone per day

During these tests the concentration of pyruvic acid lactic
acid citric acid and o ! etoglutaric acid as well as of non
estenfied fatty scids and 1norgame phosphate was followed
1 the penipheral blood  Venous blood samples for determin?
tion of these metabolites were taken immediately before the
primmg mjection (¢ mm } diately upon d

of the infusion (60 mm ) and one hour later (120 mm }

The results can be summanized as follows The rate of dis

appearance of glucose (h value) remamed unchanged n four
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latter finding were to be valid in man as well then the de
creased rate of disappearance of glucose could be a sign of
mereased glucose production This problem 15 now being
mvestigated with ¥C glucose

Sigmficant changes m the concentration of ntermediary
metabolites were observed only mn 3 out of 11 subjects grven

30 O before GH
A after GH
A A
7 A

~
£ 20/
B A
g
> [aa
& ?
3
£ 0
H
£

Ceseno1 2 3 456 78910M1

Fic 8 Chinges m non estenfied fatty aods m
a

80mg of growth hormone although the k value was influenced
In 7 of them This mconustency cannot be aseribed to dif
ferences 1n the preparations of growth hormone Two prep
arations were used 1n these 11 subjects and both were found
to be active 1ncreases m non esterified fatty acds were
observed with both preparations 2s seen 1 Fig 8 Further
more both preparations had a pronounced diabetogeme action



126 Dryis Inkos aND Rour Lurr

Our results are therefore similar in this respect to the findings
of others (Bech ef al 1958) The sigmficince of this finding
cannot be evaluated at present One simple explanation
would be that this decrease was brought about by a decreased

Pyruvic Lactic Citric ol Ketoglutartc
acid acid acid acid
may mg / mg /7 my A

6 03
]
0]
4 @ p2
Q
@
2 01
To 0 om0 0 8 1o o 60 120 0 60 10

Time

Fi¢ 7 Effect of growth hormone on the chances m some metabolites

during acute glucose loadingn 11 subjects Shaded areas denote +2 range

before growth hormone 1In eascs not plotted the values obtamed wih

growth hormone were within the pretreitment hmits (Figures withm
circles denote case numbers )

pentpheral utihzation of glucose 1e that growth hormone
mduced a ‘pre diabetic state However despite the fact
that growth hormone causes hyperglyeacmia and a diabetic
glucose tolerance 1n dogs the peripheral utilization of glucose
mcreases with growth hormone (Altszuler et al 1959) If this
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latter finding were to be valid 1 man as well then the de
creased rate of disappearance of glucose could be a sin of
mereased glucose production  This problem 1s now bemng
mvestigated with HC plucose

Symtficant changes m the concentration of ntermediary
wetabolites were observed only 1n 3 out of 13 subjects given

30y O before GH
A after GH
- A 4
A

~
>
£ 204 .
2 A
g 4 "
;olaa .
-~ v
i l
ERE
g
"

Coseno1 23 456 7891001

F1G 8 Changes 1n non-estenfied fatty sads in
plasma

30my of growth hormone slthough the h salue was mfluenced
M T of them This mconsistency cannot be asenbed to dif
ferences 1n the preparations of growth hormene Two prep
arations were used i these 11 subjects and both were found
fo be active increases 1n non estenfied fatty acids were
obseryed with both preparations as seen n Fig 8 Further
more both prep wonshaday d diabetogenie action
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Our results are therefore similar in this respect to the findings
of others (Beck et al, 1958) The significance of this finding
cannot be evaluated at present One simple explanation
would be that this decrease was brought bout by a decreased

Pyruvic Lactic Citric o Ketoglutaric
acid acid acid ocid
mgy mg mgy g%

30-’ 03-!

1

[22]

@0

20 02+

N

014

N

/.

6 60 120 o 60w 0 60 w0 o 60 120
Time

Fic 7 Effect of growth hormone on the changes m some metabolited

during neute glucose loading 1n 11 subjects Shaded areas denote +2 range

before growth hormone In cases not plotted the values obtained with

growth hormone were within the pretreatment hmts (Figures within
creles denote case numbers )

vy

| IS
BN SELD

peripheral utihzation of glucose 1e¢ that growth hormone
induced a  pre dmbetic  state However despite the fact
that growth hormone causes hyperglyciena and a diabetic
glucose tolerance 1n dogs the penipheral utihzation of glucose
necreases with gronth hormone (Altszuler ez al 1959} If this
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latter finding were to be vald in man as well then the de
erensed rate of disappearance of glucose could be a sign of
mereased glucose production  This problem is now bemng
mvestirated with HC glucose

Sigmficant changes m the concentration of mtermediary
metabolites were observed only 1 3 out of 11 subjects given

304 O before GH
A after GH

»

A

20

Non esterified fatty acids mg /
3
L
O——>
<

Cosene.1 23 456 789 101N1

Fic 8 Changes in non estenfled fatty acds in

30mg of grow th hormone although the k 1 1lue was influenced
M7 of them This inconsistency cinnot be ascribed to dif
ferences an the prepartions of growth hormone  Two prep
arations were used ain these 11 subjects and both were found
ta be actine increases i non estenfied fatty acids were
observed with both preparations as seen m Fig 8 Further
more both preparations had a pronounced dinbetogeme nction
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Our results are therefore similar 1n this respeet to the findings
of others (Bech et al 1958) The sigmificance of this finding
cannot be evaluated at present One simple explanation
would be that this decrease was brought about by a decreased

Pyruvic Lactic Citric o Ketoglutaric
acid acid acid acid
mg s mg/ mg / mg i
34 30 - 61
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Fic 7 Lifect of growth hormone on the changes 1 some metabohtes
during acute glucose loading in 11 subjects Shaded areas denote +2 range
beforc growth hormone In cases not plotted the values obtained with

growth hormone were within the pretreatment limts (Tigures within
circles denote case numbers )

peripheral utihzation of glucose 1e that growth hormoné
induced a  pre diabetic  state However despite the fact
that growth hormone causes hyperglycaerma and a diabetic
glucose tolerance n dogs the peripheral utilization of glucose
ncreases with growth hormone (Altszuler et af 1959) If this



Aspects oF Merasonic Acrion oF Human GH 127

latter finding were to be vald in man as well then the de
creased rate of disappearance of glucose could be a sign of
increased glucose production This problem 1s now bemg
myestigated with ¥C glucose

Sigruficant changes i the concentration of mtermedlar)
metabolites were observed only 1n 8 out of 11 subjects given
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30mg of growth hormone although thek value was mfluenced
m 7 of them This mconsistency cannot be ascnbed to dif
ferences 1n the preparations of growth hormone Two prep
arations were used n these 11 subjects and both were found
to be achive inereases 1 non estenfied fatty acmds were
observed with both preparations as seen in Fig 8 Further
more both preparations had a pronounced diabetogenic action
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m a hypophysectomized diabetic subject (the patient 1n Fig
4} A fact which may be of importance m this connexion 15
that the three cases with changes m the intermediary meta
bolites were those m which the lowest k values were noted
after growth hormone It might well be that the metabolic
effect must be pronounced before changes in the concentration
of termediary metabolites in the peripheral blood can be
measured

An excessive ncrease i pyruvate and lactate dumng &
glucose load was reported by Henneman and Bunher (1957)
m patients with elevated 17 hydrocorticords m blood It 1s
improbable however that our results were due to contamna
tion of the growth hormone with ACTH smnce the changes n
citrate concentration after growth hormone were the opposite
of those seen with cortisone (Henneman and Henneman 1908)

Our data are too limited to allow any defimte conclusion
regarding the mechanism of the changes observed They are
the reverse of those that can be expected from msulin de
ficlency where the mcrease m pyruvate and lactate upon
glucose loading 1s small or absent The 1ncrease m pyruvate,
lactate and citrate mn our three subjects might be due to an
overloading of the common metabohe pathway from mereased
catabolism of fat That fat catabolism ncreases on growth
hormone admimstration 1s obvious even from the present
results showing an mcrease i non esterified fatty acids and
Letone body excretion We are now making further studies of
this mechanism as well as of other mechanisms concervably
responsible for the changes in question
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DISCUSSION

Pearson Dr Luft s to be congratulated on hus excellent metabolic
studies on the effects of human growth hormone Qur expenience has
been yery similar to lus A most aspect 1s the marked!
dfferent effects of growth hormone m the non-diabetic versus the
duabetic pattent  We hay e worked with human growth hormone pre
pared by Raben using doses of 5 instead of 10 mg per dav as Dr
Luft has used  We have found that in non-diabetic hypophysecto-
muzed patients 5 g of growth hormone daily produces very marked

bolic effects but v no drab ¢ffects whereas i
the hvpophy sectormized diabetic patient 5 mg of growth hormone
rarelv produces anabolic effects lgut usually produces very marked
diabetogeme effects In the Juvenile tvpe of diabetic after hvpo-
physectomy a single mjection of 5 mg of growth hormone produces
severe hetosis amdosts and negatinve nitrogen balance which s
quite different from the response of the non-disbetic hypophy
sectomzed mdividual We have studied the effects of growth hor
mone both before and after hypophisectomy 1 a patient with
Juvenile type diabetes A 30 year-old male with a very bnttle type
of diabetes was d on a diet and msulin
dosage He was given growth hormone for three days at a dose of

HUMAY FITCITARY -5




130 Discussion

5mg perday Ithad very little effect on the blood sugar or on the
urmary excretion of glucose There was a defimte rise 1 urmary
hetone excretion but no significant acidosis developed After hypo
physectomy under a similar regimen, a single myectton of 5 mg of
human growth h mduced profound hypergly glyco
suna hetonuna and metabolic actdosts within 24 hours The patient
became quite 11l but spontaneous recovery occurred without the
additionof extra msulinWe ha e observ ed stmilar profound diabeto
genic responses mduced by small doses of human growth hormone
in other hypophysectomized juvenile type diabetic patients The
contrast 1n the response to growth hormone before and after hypo
physectomy 15 extremely mteresting and m accord with the results
that Dr Luft has presented I non hypopt d
with hypophysectormzed diabetic patients It would appear that
withdrawal of growth hormone by hypophysectomy 1s responsible
for the amelioration of the diabetes i these patients Tius raises the
question whether withdrawal of growth hormone 15 responsible for
the improvement of diabetie retmopathy which may be seen after
hypophysectomy

The effects of human growth hormone before and after hypo
physectomy have also been studied m patients with a mlder adult
type of diabetes Human growth hormone m doses of 5-10 mg per
day for scveral days induced hvperglycaemma glycosuna and heto
nuria but without sigmificant acidosis  The response may be some
what greater after hypophysectomy than before but severe acidosis
with thesc doses of growth hormone was not encountered Thus the
chabetogenic effects of growth hormone appear to be related to the
apparent ability of the patient s pancreas to release msuhn

Luft T mentioned m my review that we had not measured the
mtrogen balance m any of the three hypophysectomized diabetic
patients who were given growth hormone Vre mtended to do such
measurements 1n all three of them but as you noticed we had to stop
the ad ation of growth h after two injections m two of
them In the third patient who was given growth hormone for erght
days we measured the mitrogen excretion However the daily
fluctuations in urmary mtrogen were too large to allow calculation
of the balance with any degree of certainty  As far as we could see
there was no defimte change n nitrogen balance during the growth
hormone period

Venning Dr Luft by what method and in what fraction were you
measuring the aldosterone ?

Luft The measurements of aldosterone 1 urine were performed
by Dr B M_Hokfelt in our department and he 1s using a modifica
tion of the Neher Wettstein method
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Venmng Have you had any opportumity of measuring the
reduced metabolite of aldosterone

Luft No that has not been done

Venmng We have measured 1n two patients with diabetes the
excretion of the reduced metabolite of aldosterone before and after
the administration of 5 mg of growth hormone daly and we found
that while there was no sigmficant increase m the acid released
fraction of ald there was & fi nise m the reduced
metabolite

Luft This1s very iterestn,, Dr Venning and we certamnly must
repeat your studies Would you infer from your data that this
mcrease 1 aldosterone might explamn the sodium retention dunng
growth hormone adminustration ?

Venming It 1s possible that these changes may not be entirely
dependent upon vanations m aldosterone secretion Qur studies
shaw that one may rmss tins nise 1n aldosterone by only measuning
the free fraction

Rech, Or Luft con you tell us what. was the phosphate wtake of
the three patients out of the four that jou have studied in whom
there was a nise 1n both unnary and faecal caleum ?

Luft L have no data at hand regarding the phosphate mtake but
1 would call 1t a normal one

Becl. We have done some work on arteriovenous glucose differ
ences 1n relation to growth hormone and i two studies there 1s a

el ¢ decrease mn arter or capillary \enous differences
which suggests a d of peripheral utal when diabeto
gemity 1s present  The problem of indueing anabolism and glyco
suna in diabetics 1s one that we must look upon as graded from those
m which anabolism occurs with munor impairment of carbohydrate
tolerance to those in which no anabolism occurs with very marked
mtensification of hyperglycaemia  Both our own results and some
that Dr Dorothy Henneman obtamed when she worked m our
laboratory would suggest this

de Ulhta Cintra Dr Luft did you notice any change from normal
m the serum phosphate 1 diabetic patients ?

Luft The blood level of inorgame phosphate 1s of specal interest
m studies with growth hormone smce acromegalic patients show an
mcrease In this electrolyte and we use plasma phosphate in these
pahients as an mdicator of the activity of the disease  However we
could not observe a significant change 1n plasma phosphate m any
of the patients during the relatively short pemods of growth hormone
administration from 12-16 days “We were a httle surpnised at this
negative observation butit may well be that we have to give growth
hormone for & much longer period of time 1n order to obtain an
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5mg perday Ithad very hitle effect on the blood sugar or on the
urmary exeretion of glucose There was a definite rise m unnary
ketone excretion but no significant acidosis dev eloped  After hypo
physectomy under a simlar regumen a single myection of 5 mg of
human growth hormone induced profound hyperglycaemia glyco
suna ketonuria and metabohe acidosts within 24 hours The patient
became quite 1ll but spontancous recovery occurred without the
addition of extra msuhin ' We have obsery ed simlar profound diabeto
genic responses mduced by small doses of human growth hormone
1 other hypophysectormzed Juvemle type dabetic patients The
contrast in the response to growth hormone before and after hypo
physectomy 15 extremely mnteresting and 1n accord with the results
that Dr Luft has presented comparmg non hypophysectomized
with hypophy d diabetic p It would appear that
withdrawal of growth } by hypophysectomy 15 responsibl
for the amelioration of the diabetes mn these patients  This raises the
question whether withdrawal of growth hormone 1s responsble for
the 1mprovement of diabetic retiopathy which may be seen after
hypophysectomy

The effects of human growth hormone before and after hypo
physectomy have also been studied n patients with a mlder adult
type of diabetes Human growth hormone 1n doses of 5~10 mg per
day for several days induced hvperglycaema glycosuna and keto
nuria but without sigmficant acidosis The response may be some
what greater after hypophysectomy than before but sev ere acidosis
wath these doses of growth hormone was not encountered Thus the
diabetogenuc effects of growth hormone appear to be related to the
apparent ability of the patient s pancreas to release msulin

Luft 1 mentioned in my review that we had not measured the
nitrogen balance m any of the three hypophysectomized diabetic
patients who were given growth hormone We mtended to do such
measurements n all three of them but as you noticed we had to stop
the ad ration of growth h after two njections 1n two ©
them In the third patient who was given growth hormone for eight
days we measured the mtrogen excretion However the daly
fluctuations n urmary mitrogen were too large to allow caleulation
of the balance with any degree of certainty As far as we could se¢
there was no definite change 1n mitrogen balance durmg the growth
hormone pertod

Venning Dr Luft by what method and in what fraction were you
measuring the aldosterone ?

Luft The measurements of aldosterone i urne were performed
by Dr B M_Holfelt in our department and he 1s using a modifica
tion of the Neher V¥ettsten method
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the patients but 1t could be that two daily doses give a better
response than one

It There has been some indication from our unpubhshed ammal
experiments that human growth hormone divided into three daily
doses g es & better response i the tibia test than 1t does when itis
admmnistered only once daily whereas with beef growth hormone
there 1s no difference 1n response

Luft 1f the half hfe of human growth hormone 1s nme hours as
Dr Gemzell mentioned we did the nght thing when we divided the
daily dose of growth hormone into two injections

Tenming Dr Luft have you any 1deas regarding the mechanism
of mncreased sensitivity of the hypophysectormzed patient to growth
hormone ?

Luft Thisquestion s difficult to answer  Ttis well known that the
hypophysectormzed patient or the patient with panhypopitwitar
1sm is much more sensitive to thyrord hormone or cortisone than the
patient with an intact pitmitary - The explanation for the mcreased
sensitivity o growth hormone may well be that hvpophysectomized
patients are lacking m growth hormone

Pearson  There 15 furly good evidence that the adult individual
produces growth hormone and that this s cirenlating  Daughaday
and co workers have assayed a sulphation factor i human plasma
which dechnes to very low levels after hypophysectomy and may
represent a measure of growth hormone levels (Daughaday W |
Salmon W D Jr and Alexander F (1909) J clin Endocr 19
713) If1tis assumed that the diabetic is producing growth hormone
and 1f you now n o h h
this nught have much less effect than if there was no growth hor
mone at all and then you admnistered some This may not be the
answer but it seems to be a possible explanation

de Ulhea Cintra Dr Luft have you any expenence of the & index
n other conditions such as Cushing s or Addison s disease (the 4
value 1n intras enous glucose tolerance tests) ?

Luft The intravenous ghicose tolertuce test 15 used routinely
my department and we always caleulate the disappearance rate of
glucose 1€ the & value usimg total glucose and not excess glucose
Ate have noticed decreased & values which means a diabetic type of
curve m patients with Cushing s svnd aswell asm 1
patients  As far as I can recall our patients with Addison s diseqse
had normal £ values I think the data on patients with acromegaly
should be emphasized 1n this respect In contrast to statements in

the literature we seldom see overt diabetes mn acromegalv as a
matterof fict we has e noticed 1t in only one out of about 50 pattents
On the other hand a lowered disappearance rate of glucose has been
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increase n plasma phosphate I may also add that neither did we
get any mcrease m alkaline phosphatase

Raben It 1s likely that the effects on serum phosphorus and on
alkalme phosphatase are slow to appear, but both ncrease durmg
prolonged treatment of prtwtary dwarfs with human growth hor
mone In one patient whom I have treated for twenty seven months
with 2mg of growth hormone three times a week 1¢ about 1 mg a
day, serum phosphorus was 3 6 mg per cent at the beginmng and
after some months 1t was 4 8 then 6 and the most recent value was
6 3 mg per cent Alkahne phosphatase, which was 4 2 Bodanshy
units mtially ncreased to 6 6 with treatment The growth rate
was 2 5 inches per year which 1s shghtly greater than the normal
rate

A 17 year old pituitary dwarf grew 2 25 inches 1n 6 months on
treatment with the same dose 1e 2mg of grow th hormone 3 timesa
week and his serum phosphorus rose from 4 2to ¢ 6mg percentand
phosphatase from 4 2 to 7 Bodanshy umts In both these cases the
blood sugar did not change with treatment The patients were
treated with thyroid and cortisone for 18 months mn one case and 8
months m the other before recerving growth hormone and these
hormones were contnued during the grow th hormone treatment

Russell Fraser Have you ever produced growth without adding
thyrod to your hypopituitary patients ?

Raben 1In each case the patient continued to recave the same
amount of thyroid as before growth hormone treatment

Beck We have tried by accrdent Dr Raben and we can produce
growth i the absence of thyroxd hormone m a hy poprtuitary dwarf
However 1t should be pointed out that these people are not athyrotic
- the protem bound 1odine was around 2—but there was quite
definite growth and 1t did not seem tobe different from when they
were recerying adequate amounts of thyroid We also have noticed
that m prolonged studies the serum alhaline phosphatase and the
serum phosphorus 1s elevated we only get a relatiy ely small change
during acute administrations

Ly Dr Luft you mentioned that in the last three patients from
whom you quoted data you mjected growth hormone three times &
day mstead of once aday In view of the data which we heard earher

mdicating that growth hormone app 1y has 2 long biological
half Iife 1s 1t really necessary to mject three times a day or 1s one
daily dose sufficient ?

Luft Before starting the expermment we discussed this pont and
decided that 1t mught be safer to divide the daily dose into two mjec
tions especially since we were giving the patients a rather large
amount of growth hormone Besides 1t could not 1 any way harm



THE EFFECT OF GROWTH HORMONE ON
URINARY CALCIUM EXCRETION

RusseLL Fraser aND MicHAEL HARrISOV
Department of Medieine Postyraduate Medical School of London

It 15 appropriate that a colloq m Buenos Aires should

review the subject of the effect of growth hormone on urinary
calelwm  Professor Houssay among his extensive studies and
publicitions about the anterior pituitary gave in 1936 the
Harvey lectures on the subject of the assoctation between the
anterior prtwitary the parathyroids and the pancreatic islets
TIn this Iecture he reviewed work of his own and others indicat

g a close mfluence of the anterior pituitary on pancreatic
islet function and also on parathyroid function Smce then

much work notably that contributed by Professor Houssay
and Professor Young has led to the general acceptance of a
close mter relationship between the growth hormone and the
islets of Langerhans Pancreatic diabetes 1s ameliorated by
hypophysectomy while growth hormone injections induce
islet hypertrophy m young ammals and after prolonged
administration 1slet exhaustion Growth hormone however

15 not regarded as a pancreatotropic hormone 1e one having
a direct effect on the pancress like that of thyrotropin on the
thyroid but rather as increasing secretory activity in the islets
by indirect means Both before and since Professor Houssay s
lecture varous authors have postulated a rather siomlar
relationship between the antertor pitwitary and the para

thyroid glands but possibly because these small parathyroid
glands are so difficult to study in the usual experimental
ammals no final conclustons have been reached Several
authors have failed to see a shmulating effect on the para

thyroids following erther sntenor mtumary imjections or
growth hormone injections and therefore have concluded that

13
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a common finding m this group of patients Dr Ikkos and I are now
studying glucose metabolism 1n acromegaly in the same way that
has been d ated m my p tron today

de Ulhoa Cintra The vanations 1n healthy people are small ?

Luft The varations in healthy subjects are not very large Imav
also mention that the lower normal Imut for A seems to be about 1

Pearson Dr Luft have you studied any other pitwitary hormones
for their ketogenie or fat mobihzing effects in your drabetic patients ?
For example do ACTH TSH gonadotropms and so forth have any
effect ? I am thinking 1n terms of the animal studies of F ngel which
indrcated that ACTH may have extra adrenal effects on fat mobiliza
tion (Engel F L and Engel M G (1958) Endocrinology 62 150)

Luft Ve have not done this systematically Dr Pearson Insome
hypophy sectomuzed diabetic patients when given msulin thyrod
extract and cortisone we increased the daily dose of cortisone to
about 200-300 mg per day without getting any marked increase 1
Letone body excretion however hyperglycaemia and glycosura
mereased These studies should be repeated with ACTH but it
mght also be a good 1dea to study the effect of large doses of ACTH
1n adrenal d diabetic p 1f such are still available

Gomez Mont  Dhd the hypophysectormzed patients recerve
thyroid medication at the time when they received growth hormone?

Zuft All hypophysectomized patients given grow th hormone had
2 daily dose of msulm_ cortisone and thyroid extract which was the
same dunng the control pertod and—except for insulin—the penod
of growth hormone admimstration

Gomez Mont Would there have been any difference af you had
not given thyroid to these patients ?

Luft That I cannot say but I doubt 1t

Russell Fraser T don t know that I could answer that entirely but
certamly our hypophysectormized patients given growth hormone
without supporting thyroid therapy show a mild degree of diabeto
genic effect on therr fasting blood sugar Our group bas studied
eight patients and perhaps two of them were not having thyroid

Sonenberg Have Dr Luft or Dr Gemzell any mformation on the
difference 1n the half life of growth hormone in normal and n hypo
physectomized patients ?

Gemzell T could find no difference Vve studied two non hypo
phy d and four hypophy d patients but as I said
earlier the value we obtamed was not sigmificant and to get the half
life we had to combne all the values
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a parathyrotropie effect of growth hormone 1s unlikely but
others have claimed the opposite and so an indirect effect
remains possible but unproved

The recent revival of interest 1n the human response to
growth hormone, ansing from L1 and Paploff s demonstra
tion (1956) of the difference between human growth hormone
(HGH) and bovine growth hormone (BH) will be famhar
to this audience Several authors have observed nitrogen
retention and other effects when HGH was gnven to man
We have also observed in man simiar strong anabolie effects
from HGH admmstration, along with several colleagues
m a study co ordnated through the ehmeal endocrmology
commuttee of the Medical Research Counail (1959} In our
patients perhaps the most striking metabolie effect was the
mcreased urinary calerum loss A simular calenunc effect was
also observed by most of the other authors on grving HGH to
man Most of them however found an associated decreased
faecal loss of caleum and so 2 net retention of caleum  Con
sequently this hy percalciuria has not recerved much attention
However this compensatory mcreased intestmal absorption
of calerum was not seen n many of our patients and even so
the mechamsm of the calciuna remams a4 problem It 1m
mediately recalls the experiments such as those reviewed by
Houssay 1mn 1936 and also the problem of osteoporosis m
acromegaly

Calciuria following HGH administration to man

Fig 1 will recall the effects we observed using two dose
levels in hypopituitary patients after 10 mg a moderately
mtense caleiuria lasting about 7 days and after 30 mg an
equiy alent imtial caleruria lasting longer and evident for 14-21
days By contrast there was httle difference between the
two dose levels in their urinary nitrogen effects This suggests
that the calerte effect might be an effect of growth hormone
excess rather than of growth hormone replacement m a hypo
pitwtary subject a point also suggested by our finding this
effect e en 1n the two normal subjects tested It may be noted
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serum caleum and phosphate suggests the sudden onset of
osteoporosis  One patient showed this caleium effect much
less than the others but the only difference n lus regime
seemed to be a much lower calonc intahe These patients
showed little change in serum or uninary phosphate (P} follow
g the growth hormone (Fig 4) A shght fall in unnary
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phosphate was observed but this was found to correspond to
the theoretical P change calculable from caleum and
nitrogen balances 1e what would be expected from some
phosphate being deposited with the mtrogen 1n the tissues
and some being released with the calcium from the bones

Confirmation tn rats (Figs 5 and 6)

To study this ealeiunc effect further 1t seemed important to
establish first whether 1t could be observed in other species
using growth hormone from other sources To this end
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that the duration of the caleium effect after 30 mg HGH cor
responded to that of the urinary mtrogen effect, suggesting
that 1t also reflected the same metabolic change mnduced by
the growth hormone and not due to impurities (Fig 2) By
contrast, wlule the phosphorus also followed the mtrogen reten
tion the sodium retention observed was of much shorter dur
ation, other reasons, nevertheless, suggest that this latter 1s
also a true HGH effect Further, these patients were found to
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Fic 3 Unnary caleum chenges after 30 mg MGH m 4 hypopitmtary
patients (Reproduced by permussion of the Editors Lancet )

showno signs of thyrord stimulation followmg ths grow th hor
mone admimstration and so a thyrotropie effect was an un
likely explanation for this change 1n calelum metabolism  One
patient (Fig 3) was on a low calerum diet and 1n this patient
the calaium could only have come from the bones the extent
of the calcium effect was also equivalent to that in the other
patients In addition our data showed no change mn serum
calcium or phosphate suggesting therefore 2 change in renal
clearance of calclum possibly due to a change in its mode of
carnage 1n the blood Such a hypercalcura with normal
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doses of growth hormone were large (3 mg daily for three
doses) since the human expeniments suggested that this
hypercaleiuna may be duce to overdosage rather than to a
simple replacement effect of growth hormone

Growth Hypoghysectomaed rat
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Fro 6 Companson of %or snd calcium excretion 1n unne following injec
tion of GII m hypophyscctomized rats.

Studies to assess the mechanism of the calciuna (Fig 7)

QOur next expcriment was to repeat the observations re
corded above under similar conditions m rats which were
parathyroidectormzed as well as hypophysectormzed  Con
firmation of the parathyroidectomy was obtamed from the
final blood Jevels of calcium and phosphate It will be ob
served (Fig 7) that in contrast with the previous rats these
parathyroidectomized rats showed no calaune response to
growth hormone both the strontium and the caleoum ex

cretions contmuing the same as during the prehmnary basal
period
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therefore we put some young rats on a low ealeum diet and
injeeted them with ridioactive strontmm (®Sr mntrapen
toneally) to Iabel their sheletons, at least 16 days were
allowed for equilibration of the strontmum throughout thes
bones, 1t was thus possible to follow the urmn wy calewm and
#8r excretion without contammation by food We shewld
then have two mdices of any ecalewrie effect of the growth
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hormane the excreted caleium and the exercted strontrum
When httle cflect was observed on these evuretions n the
normal rats gnen large doses of growth hormone, the same
expertmental procedure w1s carned out 1n hypaphy sectomized
rats Figs 5 and 6 show the results of these experiments 2
stnking rise 1n the excretion of caleram and strontium lastingy
for severnl days in o pattern remimscent of the effects of XGH
an man  The weight merease of the rats confirmed that the
growth hormone was also producing, 1ts anabolie effects The
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1t 1s perhaps unlikely that the effect 1s a direct parathyro
tropic action since our observations in humans suggested that
these effects were overdosage effects rather than physio
logical level effects Previous authors have postulated that
the growth hormone might affect parathyroid activity by
1ts nfl on serum phosphate (Tornbl 1949) This s
possible, but we feel 1t may be less hikely since no changes in
serum phosphate or calctum were observed n our patients
when these marked calciumnc effects were induced As with
the pancreatic 1slets the growth hormone may modify para
thyroid function mdirectly perhaps through its effects on
cell metabolism affecting intracellular electrolytes which may
be the normal stimulus to parathyroid activity

Good support 1s avatlable in the literature for the thesis that
growth hormone 1s a stimulus to parathyroid activity Hous
say (1936) found histological atrophy of the parathyroids in
hypophysectomized dogs, and i many of them 1t was cor
rected after injections of anterior prtwitary extract (APE)
though others have not seen this atrophy (Baker 1942)
Parathyroid atrophy has been noted i human panhypo
pitwitarism (Castleman and Hertz 1989 Sheehan and Sum
mers 1949) in one instance bemg associated with tetany and
a low serum calcrum (Rupp and Paschhis 1958) On the other
hand enlarged parathyroids with or without tumours are
frequently found 1n acromegaly (Erdheim 1903 Cushing and
Davidoff 1927 Perlman 1944 Underdahl Woolner and
Black 1853) 1n which condition osteopoross 1s also frequent
(Albnght and Reifenstemn 1948) and balances on a low cal
cuum diet show hypercaleluna (Bauer and Aub 1941 Al
bright and Reifenstemn 1948) as we have also found Here 1t
may be noted that asin ly defi y with
a normal vitamin D intake 1s associated with parathyrord
hypertrophy and the bone lesion of osteoporosis (Harrson and
Fraser 1959) The jont disorder frequently seen with
acromegaly as well as this osteoporosis may depend upon
some effect of excess growth hormone on bone matrix (W ame
Bennett and Bauer 1945 Kellgren Ball and Tutton 1952
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Discussion

Ve belies e that the most lihely explanation of these results
1s that these large doses of growth hormone stimulate para
thyrowd activity which they may do indirectly It 15 possible
that the growth hormone may have acted on the bones only
n assoctation with a normal scerehon rate of parathyrod
hormone, but we think that this 1s less hikely The parallel
effects on ealesum and strontium and thewr estent leave httle
doubt that the extra calesum must have heen mobthzed from
the bones rather than by mfluencmg the absorption of cal
cum from the gut The obscrvation of this effect both with
FGH in man and with BH 1n rats also makes it very hhely
that 1t 15 an effect truly attributnble to growth hormone
We have no further experiments of our own completed which
can throw hght on the mechamsm by wich the growth
hormone maght mfluence parathyrad activity
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tumours without obviousacromegaly were subclintcal examples
of excess production of growth hormone like ease J V with
evophthalmos whom we have already discussed (this collo
quum p 10) Indeed Albmght and co workers (1834) con
sidered previously whether their cases of hyperparathyroidism
based on hyperplasia rmght not similarly anise from a pnmary
pituitary stimulus

In this connexion we should also consider briefly what s the
normal stimulus to parathyroid actiity Much evidence
pomts to 1ts bemng a fall mn serum or intracellular 1omzed
calelum (Greep 1948) notably the finding of parathyroid
hypertrophy m calelum or vitamin D deficiency However
the oppostte trends in phosphate concentration are also potent
stimuli to the parathyroid and whether the ealeium or the
phosphate change 1s the final stimulus has been difficult to
settle Many have accepted the experiments of Stoerk and
Carnes (1945) as setthing this in favour of calerum being the
pnmary They measured parathyroid volume and the serum
calelum and phosphate on groups of rats given diets ranmng
widely 1 regard to caleium and phosphorus content and con
cluded that as the parathyrowd volume correlated most closely
with serum calaum this was the primary stimulus Fig 8
has been drawn from their data and shows the groups ranged
by parathyroid volume The serum caleium and phosphate
seem to vary equally though inversely with parathyrod
volume as also do the effective calcium and phesphorus
m the diet It seems safest to conclude that exther low calcium
or high phosphate are effective stimul to parathyrod activity
As yet we can do little more than speculate on how growth
hormone may stimulate the parathyroid Tornblom (1949)
and Engfeldt (1950) concluded after reviewing many expen
ments that growth hormone stxmulated the parathyrolds by
1ts tendency to raise serum pl y T
found that a high phosphorus and low caleum dlet no longer
stimulated the parathyroids in hypophysectomized antmals

In conclusion we have available a feasible hypothests that
an excess of growth hormone may stimulate parathyroid
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Ashng et el 1955) In ammals, APE has been found to pro
duce parathyroid stimulation (Hertz and Kranes 193¢ Ham
and Haist, 1989, Blumenthal and Loeb 1942, Engfeldt 1950),
though some hay e failed to observe this (Campbell and Turner,
1942) Generally no changes i serum caleium (Ca) have been
seen with these vamnous alterations of pitwitarv function
though serum phosphate may mse with increased pituitary
function

A relationship between pitwitary and parathyrord funetion
15 also suggested by a recently established “plunglandular’
syndrome whose mam mamfestations are due to the co
existence of hyperpituitarism (sometimes with acromegaly)
hyperparathyroidism, and hyperinsulmsm 1his assocration
was first noted pathologically by Cushmg and Davidoff (1927),
first established with evidence of the triple disordered function
and with a response to treatment by Shelburne and Me
Laughlin (1945) and first established as a syndrome by Under
dahl Woolner and Black (1953) In a later review of 28 of
these cases Moldawer Nard: and Raker (1954) concluded
possibly mecorrectly that the connecting Iink n the syndrome
was not a functional interconnexion between these three and
possibly other endocrine glands but mstead a plunglandular
liability to tumours since some of the prtmtary tumours
were chromophobe and without evident acromegaly other
tumours were also found at times m the adrenals pineal and
1 the bronchi and the condition was familial None of these
arguments seem compelling 1n view both of the known
tendency of growth hormone to stimulate the appcarance of
tumours in various sites and of the above physiological
evidence that growth hormone can stimulate the pancreatic
wslets the parathyroids and probably also other endocrine
glands Two nteresting features of this syndrome are the
adenomatous type of hyperplasia and the great frequency of
multiple tumours 10 these aflected glands and the ranty of
the typieal hyperparathyroid syndrome (bone disease and/or
venal stones) despitc the biochemical abnormalities It 1s
quite probable that the patients with chromophobe pitmtary
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activity erther by its tendency to rarse phosphate levels in
body fluids or by any other effect which would i turn lower
the level of 1omzed caloum m the body fluds We have
evidence that growth hormone may do this both acutely as
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seen mn our expeniments and chronically as seenin acromegaly
and in Underdahl s pluriglandular syndrome  The biochemmical
hallmarks of this parathyroid shmulation by growth hormone
are hypercalciurta with normocalecaemia together with
mobilization of calctum from the bones which ev entually

leads to osteoporosis
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DISCUSSION

Luft T was surpnsed to hear that the parathyroid glands were
enlarged in acromegahe patients I suppose they were weigh
recall that for some time I was surpnsed to find what I thought were
enlarged parathyroid glands in hypophysectomized patients at
autopsy When we started to weigh the glands we found normal
values which means that the parathyroids are normal m sze after
hlypzzlph} sectomy We have not studied the histology of these
glands

Russell Fraser The parathyroid glands of our acromegalic patient
showed at histology rather enlarged hypertrophied looking cells
Tam not a pathologist but I understand from my colleagues that the
assessment of the wetght of the parathyroid gland as an index of
parathyroid activity 15 an unrelble criterion especially when the
effect of age 1s not taken Into account With advaneing age theres
a steady mncrease m mfiltration of fat m strands mside the para
thyroid glands perhaps the most reliable eriterion 1s that of cell dia
meter or crtena concerming the nucleus These may have to be
looked at very carefully before the condition of a gland 1n hypo
prtuttanism can be assessed I think the paper by Sheehan and Sum
mers (1949 loc cit ) 1 the most rehable one wn favour of 1t they do
indicate lowered activity and atroply It 1s a replacement by fat
rather than a shrinkage of the gland

Senenberg It 1s hnown that thyroid hormone will mduee calenursa
either manifested by hyperthyrordism or after single mjection I
presume that your parathyroidectomized animals were also thyroid
ectomized If they were not 1t minimizes my pomt I still wonder
about the role of the thyroid in inducing some of this calciuna

Russell Fraser We wondered about that teo  Ibelieve that it may
turn out that the way i which the caleiuria 1s induced by the thyrod
may hate something m common with the way i which growth
hormone mduces 1t but the latter 1s not mediated via the thyrod
The evidence for that 1s that some of these patients thyroid function
was very carefully tested before and during the growth hormone
mjectrons and there was no evidence of a thyrotropic effect
With regard to the rats as I have mentioned they did have
thyrods of normal size and growth hormone was the only hormone

njected
‘Raben Did the parathyroidectormzed rats grow in response to

growth hormone ?
Russell Fraser All of the rats whether parathyrodectomzed or

not showed the growth effect
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Lt You report an effect of growth hormone on the caleiam and
strontmin excretion i hypophysectomized rats haveyou found that
1 normal rats ?

Russell Fraser Agam 1t may be a question of dosage In the dose
level used there (3 mg [day for three days) 1t did not produce any
effect on the normalrat Therefore we went straight on to the exper:
ment on hypophysectomzed rats because even if we cannot explan
1t 1t 15 farrly usual that most anmmals are more sensitive to the hor
mone of a gland which they do not possess I suspect that the effect
might be obtamable 1n normal anmals with a larger dose With
regard to normal ammmals I can only say that on human patients (of
normal endocrine status) we have observed this calemune effect but
it was much smaller and of shorter duration

L Some years ago Dr Ulnch found that the deposition of radio
actnve calcum on the uncaleified cartilage of the tibia 1 hypophy
sectomuzed rats was affected by beef growth hormone (Ulnch ¥
Remhardt W O and Ia C H (1951) Endocrinclogy 49 218)
The effect 1 hypophysectorized ammals was quite stokang com
pared with the normal controls We did not make any precise
determmations of the urmary caleum or strontmum but as far as I
remember 1n the normal amimal the level of urmary calewm 1s not
affected by beef growth hormone i a dosage of as high as 5-10 mg
daily I am sure that Prof Young wilt agree with me that even
8 mg [day of growth hormone 1s a very lugh dose m hypophysecto
mzed rats

Beck Prof Russell Fraser what was the dietary phosphate
your rats low or hugh ?

Russell Fraser Tt was planned to be of normal mtake level

Beck 1 have been imterested 1n these observations which Prof
Russell Fraser showed me recently 1o London  Lhave been searching
the hterature for an explanation of them and also of our findings 1n
human beings 1 found a very mteresting expersment reported by
Copp some years ago (Copp D H (1955) In The Hypophyseal
Growth Hormone Nature and Actions p 186 eds Smith R W
Jr Gaebler O H and Long C N H New York McCraw Hill)
He was able to show that if the phosphute ntake of rats o
growth hormone was decreased then one got a marked mobilization
of sheletal minerals so that the urmary caleium rose and there was a
marked demonstrable demneralization of the sheleton This might
be another explanation for the observations that you have made If
the phosphate intake was normal this influence did not occur and
he concluded that the primary effect of growth hormene on bone
was on the deposition of the protem matnx and that mmeralization
came later and that if the demands for phosphate for proten
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deposition were higher than the phosphate mtake then there was
demineralization to supply this phosphate

Russell Fraser 1am famliar with this work and I am sure that the
effect may be observed, but I do not think that tlus has any con
nexion with our observations In chronic replacement dosage you
must have phosphate there since the major effect of growth hor
mone may be on the formation of new bone and on the growth of
new bone There 1s no question that growth hormone makes bone
grow Here we are observing an additional effect which 1s probably
mediated by some such thing as the citrate effect which we have
already seen which may affect the 1omzed calcium level 1n the cell
and will only do so when high enough doses of grow th hormone are
given In these patients we have measured the ealeium uptahe 1n
bones by tracer tests and there 1s no significant effect on the uptahe
of the tracer n these short experiments It 1s a condition more
comparable to the status in caleim deficiency or when 1omzed cel
cum 1s pushed down artificrally by some other metabolc means
This 15 a subsidiary effect and not the mam effect of growth hormone
on bone It may be analogous to the effect of calerum deficiency
itself 1n that condition you get exactly the same picture mn the
bones 1e 5: not 1 and lated para
thyroid glands and if you remove the hypophysis you do not get
parathyrord stimulation

Loraine What 1s your opinion regarding the possibility of assay
g parathyroid hormone mn body flirds 2 If thus were feasible the
results obtained might well strengthen the hypothesis which you have
put forward

Russell Fraser Dr Davis assay requres 40-50 mice 1t 15 per
fectly possible to demonstrate the difference between the urine of
patient with parathyrord tumour and normal urine {Davis B (1958)
J Lndocr 16 869) We no longer do that assay because 1t constitutes
a very expensive one to us It would be a very satisfactory way of
proving that this is a parathormone action but I would subnut that
1t 15 not very easy to explam our results in any other way unless
perhaps for some peculiar reason the metabolic effect of growth
hormone ofi bone 1s only possible with a normal supply of para
thormone

Luft Prof Russell Fraser you mentioned citrate this seems to
be of great fi 1n bone bol as has been so mcely
shown by Neuman If you could increase m some way the eitric
acid concentration around the bone cells the solubility of caleium
would also be mereased and you might get a movement of calelum
from bone to extracellular fuid and to urine  We have no data sbout
growth hormone and the metabolism of ertrate except that an extra




Discussion 151

merease m citrate m the blood of two patients was observed during
glucose 1nfusion when growth hormone was also given From your
paper I could not understand where the parathyroids come in  May
L also take the opportumty i this connexion to mention that Drs D
Alexandnides and D Ikkos in my Department have been measurnn;
the disapp rate of ¥Srn g f patients espectall
with bone disease and with acromegaly The only group that showed
some change from normal was the acromegalic one 1n that one there
was a d m the biological half hife of #Sr
Russell Fraser That was our first hypothesis too 1¢ thatit wasa
direct citrate effect on bone But I believe that the great importance
of having parathyroids to get the effect make 1t more hkely that the
citrate which 1s probably changed much more m the cells than 1t 15
m the serum may be mfluencing more prommently the secretion of
parathormone than acting directly on the bone It 1s possible that
the explanation could anse from the eitrate only mfluencing normat
ne 1n the presence of parathormone 1 normal supply But this
18 not the experence of people who nfused atrate It has been
possible to infuse citrate mto the abdomen and get quite a large
Telease of ealerum from parathyrodectormzed ammals though per
haps not at thesame blood level as when the amumal has parathyroids
We are m the middle of assaying citrate m various tissues and are
hoping to understand the mechamsm
Lufi Do 1 understand correctly that you consider that the para
thyroid gland has to be present in order to get this effect 7
Russell Fraser Yes
Pearson Prof Russell Fraser have you made any studies on pro
longed ad of growth h and have you ob d the
same effects ? In our exp with prolonged ad 10n of
growth hormone to hypophysectorzed adult pattents the change in
caleum was very sporadic  In fact it was very infrequent
‘with doses of 5-10 mg /day It1s much more commonin the pitwi
tary dwarfs In one patient there was hypercalena mtially but
after P! of growth h for a 14 to
21 day penod the hypercaleiurta subsided even though we con
tinued to get marked anabolic effects
Russell Fraser Ve have not had much experience with prolonged
d. 10n of growth h We have given growth hormone
sbout 2-5 mg twice a week over periods of three months With
these dose levels we do not observe ths caleurc effect or at least
1t 1s very mimimal  Therefore we cannot say how long 1t would last
with dose levels Jarge enough to produce 1t
Pearson Do you Jude that the osts
due to secondary hyperparathyrotdism ?

P of galy 15
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Russell Fraser 1 believe that all osteoporosis could be due to
excessive resorption and not due to defective deposition of bone
Whether you have osteoporosis or ostertis fibrosa cystica may bea
matter of degree Slightly negative ealcrum balance usually pro-
duced by excesstve resorpiton of bone may lead to osteoporosis and
1f more severe to osteitis fibrosa  This 1s very well illustrated with
the thyroid hyperthyroidism more commonly produces osteoporo
s1s and occasionally patchy ostertis fibrosa also hyperparathyrod
1sm 1n milder degrees may produce no bone lesion the first bone
lesion would be osteoporosis  Acromegaly I agree with you may be
attnibutable to exeessive bone resorption mediated by the para
thyrord

Lz Do you consider that your observed effect 15 a direct one of
growth hormone ? In other words 1s 1t one of the intrinsic properties
of growth hormone to act directly on the parathyrods? You
showed clearly that m parathyroidectorzed rats growth hormone
has no effect on calcium or strontium excretion  We found in many
cases an unevpected intrmsic activity of growth hormone mn other
organs of the rat not only on body weight growth but also on the
sum effect on adrenals ovaries <nd ventral prostate Perhaps the
effect that you observe 1s that the growth hormone acts directly on
the production of parathormone which 1n turn ncreases the eitric
acid level  You may recall the hypothesis proposed by Dr Neuman
and his co worhers from Rochester 1e that the parithyroid func
tion 15 the production of the citric acid level 1 blood so that the
solubtlity of calemm ncreases (Neuman W F ¢ al (1958) J
Amer chem Soc 80 620) Do you consider that as a possibility ?

Russell Fraser In my view 1t 1s probable that it 1s an mtracellular
effect of growth hormone Since one obtamns the effect without
alteration 1n the serum level of caleium which imphes that there1s 3
Little excess citrate m the serum 1t seems to me unlikely that it
should be only occurring 1n the parathyrord glands

The effect of parathormone on bone may also be somewhat en
hanced by the excess of aitrate I should thmk that all these three
effects are attributable to growth hormone That may be one of the
reasons why hyperparathyrordism along with growth hormone
excess 1s chinteally different from that of simple hyperparathyrerdism

de Ulkoa Centra Would you not expect a change m phosphate ex
cretion 1n these patients at a level comparable with the amount of
caleium exeretion 1n the urme ?

Russell Fraser As I mentioned we calculated the expected com
bmed effects on phosphate exeretion from both our ealetum effect
on the one hand (which would ncrease the phosphaturia) and also
from our nitrogen retention effect on the other hand w hich would
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decrease the phosphatunia 1We did these caleulations day by day for
each indiidual patient Thus we obtaned a line almost parallel
with the observed phosphorus excretion  Therefore we drew the
conclusion that the obsers ed phosphate effects in these acute growth
hormone experuments were entirely mdirect and completely attm
butable to exther the anabolic or the bone dissolving effect

Pearson But there was no excess phosphate excretion as you
would expect in d of parat!

Russell Fraser Yes but there was a far greater mtrogen anabolism
laying down the muscle tissue I think that you would agree that
this takes quite & bit of phosphorus with it

Pearson Did you make a correction for mtrogen and caleium and
find more phosphate than you could account for by positry e nitrogen
and calcium balance ?

Bussell Fraser Thatis what wedid Ve calculated the theorettcal
phosphorus excretion using the primary data of our caleum and
nitrogen balances thus ascertaming whether we could expect an
mnerease of phosphorus exerehon because of predominant bone
dissobuing effect or a d because of pred bol.
effect on p )! The results ot d day by day paveusa
th I ph 0n € i\ Iy close to the ob

served value

Pearson Is 1t not a charactenstic effect of the parathormone to
cause mtially phosphate diuresis which eannot be accounted for on
the basis of mitrogen and ealeium ?

Russell Fraser That 1s a possibility that might have to be con
sidered but we must remember that when parathormone 1s gisen
alone 1t may have an effect on the renal clearance very different
from the effect obtaned when growth hormene 15 miven as well 1t
15 & stnkang feature of the growth hormone effect that we have a
great calcium excretion but no change in serum caleium That 1s also
what we saw with phosphate It seems that the urmary exeretion
does not ha e v ery much relationship to 1ts blood level

de Ulhoa Ciatra Have you established i your hyperparathyrod
patients the amount of calerum in urine as compared with the level
of serum caletum ? Is 1t greater n those cases as compared with the
ordinary parathyroid patients ?

Russell Fraser The more one studies hyperparathyroid patients
the less easy 1t 15 to understand the relationship between serum cal
cum and urnary caleum  We have seen patients who had ab
solutely normal lev els of urtnary caleium with serum calerum i the
region of 15-16 mg  but we have seen other paticnts with hyper
parathyroidism with their urmary levels vastly m excess of the
normal and o slightly rmsed serum level I cannot explain these
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ifferences, but I suspect that the associated responses I other
endocrmes may be much more compl d m hyperparathyroid
than we think At least the clearance does not stay the same i
all patients

Luft Concerning the question about bone disease m acromegaly
has 1t been proved to be osteoporosis ?

Russell Fraser What would constitute proof? Osteoporosis
constitutes thin bones without explanation !

Luft Do you think that acromegalies have thin bones *?

Russell Fraser Yes Ithinkso A collapse of the spme occurs with
the Lyphosis and an abnormal translucency It 1s very difficult to
say 1t1s proved Tagree but they do have the metabolic osteoporosis
if you wont have the rest—increased urmary calerum exeretion
negntive caleium balance That has often been shown 1n acromegaly

de Ulhoa Cintra Ve have done some studies on urnary exeretion
of mucoprotens 1 hyperparathyroid patients and found 1t be very
high three to four times that in normal subjects We have hyper
parathyroids with weak bones Perhaps this would help mn trying
to see 1f the hyperparathyronds are already hyperactre m this
conditron

de la Bal.e Prof Russell Fraser, would you comment on the
direct action of growth hormone on the renal clearance of caleum ?

Russell Fraser 1t 1s necessary to study the fractionation of cal
cum i the urime and 1n the serum further than we have yet done
before we can mterpret the finding of an mncreased calerum excretion
without a change in the blood level It could be an alteration n renal
function It could equally be an alteration n the mode which
caleium 1s carrted 1n the serum caleium citrate bemng vastly more
readily cleared I favour that hypothesis

Gémez Mont The effects that you report can be interpreted as
beng the result of hypoealcaemia secondary to parathyroidectomy
Have you measured the serum calcium n the hypophy sectormzed
animals after the remos al of the parathyroid glands ?

Russell Fraser 1t 15 a possible hypothesis I agree It could be
the case that you only get this effect in the presence of normal para
thyroid secretion and that we are not stmulatimg the parathyroid
though I think 1t 1s less hikely

T# alhelmy Prof Russell Fraser had you thought of begnming to
sort out some of the growth hormone effects on serum calcrum by
studying nephrectomized ammals? On the basis of your tentatie
hypothesis that there may be some caleium binding substance pro
duced 1n resp to growth h ph mught still not
mhibit the very marhed nse m serum caletum that one could expect
after admumstenng the hormone
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Russell Fraser We have thought of this Prof Wilhelm: To do
nephrectomy would take usinto a difficult field and it 1s particularly
compheated n this respect by the known tendency of serum cifrate
to nse very stnkingly with nephrectomy or uraemia from any cause
This would make 1t very difficult to nterpret our effects

T¥ tlhelme Some data heve been published indicating marked renal
effects of human growth hormone n humans (Gershberg H and
Hememann H O (1957) J clin Endocr 17 377 Gershberg H
personal communteation) and I wonder to what extent these effects
on the kidney might i turn be reflected on the parathyrod and play
a part m the phenomenon that you have observed  If there are renal
effects of this sort winch may be playing a part then perhaps the
most direct way of side stepping them would be to remove the
ladneys T agree with you that 1t invites one nto a very messy
situation  you will recall the great controversy that raged over the
question of whether the parathyroid hormone has an effect on bone
In the course of using nephrectomzed animals people got as many
dufferent answers as there were experiments

Russell Fraser One of my colleagues tred the effect of growth
harmone on & patient with one of these phosphate leak renal lesions
which produce nckets to see whether 1t was possible to influence
thus type of lesion by the direct action of growth hormone The
results are prelimmary but it seems that the response to the growth
hormone may be different 1 the first place and mn the second place
1t does not alter the phosphate leak



THE VARIABILITY IN PHYSIOLOGICAL
RESPONSE TO GROWTH HORMONE*

J C Brex E E McGarry 1 DyrENFURTH
R O Morcexn E Birp anp E H VENNING

McGall Uniersity Clime Royal Victoria Hospital Monireal

Introduction

EXTENSIVE reviews on the biochemical nature of growth
hormone and the multiplicity of 1ts physiologeal actions have
been made by a number of mvestigators mn an international
symposium (Smuth Gaebler and Long 1955) by Astwood
(1955) Randle (1957) Ketterer Randle and Young {1957)
1a (1956) Hays and Steelman (1955), and most recently by
Raben (1959) Our imtial observations on the metabolic
effects of primate growth hormone in man (Beck et al 1957)
have been amply confirmed by many mvestigators using
human growth hormone (HGH)t prepared by a vanety of
techniques (Henneman 1959 Henneman et al 1958, Pearson
et al 1957 Bergenstal 1959 VWerner and Bartter 1958
Crigler Knopp and Chagnon 1958 Ikhos Luft and Gemzell
1958 Luft ¢t al 1958 Medical Research Counail 1959)
Sinee this mitial report our observations have been extended
to nclude metabohic balance studies i twelve patients and 2
more extensive review of our experiences mn the first erght
studies ncluding the experimental methods used s reported
elsewhere (Beck ef al 1960) These studies were carried out
1n seven subjects three with dwarfism one who had been

* Supported 1n part by grants from The National Research Council of
Canada The Natwonal Cancer Institute of Canada and The Umnited States
Public Health Service Grant Number 289-60

t Ve wish to achnowledge the assistance of Dr M Raben 1 the prepara
tion of human growth hormone used in the earlier studies and Nordie Bio
chermicals Ltd Montreal for their aid in the collection and extraction of the

growth hormone used in subsequent studics
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hypophysectomized because of metastatic carcinoma of the
breast one with postmenopausal osteoporosis a mnormal
medical student and a patient with chrome renal disease
One pitwtary dwarf was studied on two occasions while the
hypophy sectomized patient was studied first only during a
few days and subsequently during & more prolonged period on
HGH

Results

Results are presented mn an abbreviated fashion to highlight
the description of the vamability in physiological response to
growth hormone, and are best discussed under the headings of
the particular parnmeter of growth hormone activity stuched
(Figs 1-4)

A signuficant fall in blood urea mtrogen occurred on the
second third or fourth day of HGH admmstration m the
four patients i which this observation was made The
patient with chrome renal disease falled to demonstrate an
unequivocal fall until the twentieth day after mtiation of
growth hormone and this became mavimal on the twenty
seventh day The decrease usually persisted for two or three
days after cessation of growth hormone admimstration
Alterations 1n the serum non protemn nitrogen (NPN) have
been recorded m five studies and became apparent between
the second and sixth day of HGH admimstration In the
patient with renal disease the fall persisted for 15 days after
discontinuance of growth hormone whereas 1t usually returned
to control values m 2-8 days Spontancous day to day vana
tions or an nsufficient number of determmations made the
interpretation of the changes 1n the serum non protein nitrogen
more difficult 1n the three remainmg studies

Prompt mtrogen retention as measured by metabolic
balance techmques 1s usually apparent on the second day of
HGH admimistration mawimal on the third to the sixth day of
treatment and may persist for 2-3 deys after discontinuance of
growth hormone In the patient with chrome renal discase
the effect persisted for at least 18 days Positive mitrogen
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balance was demonstrated n stx of the eight studies while in
two patients no change was observed One of these, a patient
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with postmenopausal ostcoporosts, had shown a previous
response to a variety of androgenie sterords  In two patients
8 decrease 1n mitrogen mntake dunng the perwod of HGH
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of HGH administration and increased excretron within 2 davs
after discontinuance of HGH Monkey growth hormone
{MGH) produced marked potasssum storage in the one individ
val to whom 1t was given  In the other subjects, there was
httle change mn the potassium balance when the perod of
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HGH myection was compared with the pre growth hormone
control peniod All patients showed potasstum loss mn the
Post growth hormone control penod but this could not
convinemngly be dered a * reb in pot; exere~
tion

Four subjects showed an increase 1 unnary caleiim ex
cretion while recetving HGH - This was evident on the first
day maximal on the fourth to seventh day and decreased
promptly on the discontinuance of growth hormone The
positive caleum balance was usually achieved by a fall n
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faecal calcium, despite the previously described nse m unnary
caleim  In three patients caleium retention was demon
strable during growth hormone admmistration while 1n others
1t oceurred more slowly and became maximal after cessation
of growth hormone This “delayed response * thus persisted
beyond the time of return to mtrogen equiltbrium

Phosphorus retention was observed m five subjects, while
the remainder showed no consistent change in unmnary or
faecal phosphorus excretion m association with HGH admims
tration In four subjects the phosphorus retention was
achieved by decreased excretion m both the urine and the
faeces Thesamefeature of a prolonged period of phosphate re
tention in the post growth hormone control period previously
described for caleum, was observed ( delayed response’)

A posttive sodium balance was obscrved in five subjects
during HGH admimstration The decrease 1n urinary sodum
did not persist long after withdrawal of growth hormone and a
suggestion of a rebound” mn urmary sodium excretion was
seen, although the amount of sodium lost was less than the
cumulative positive sodium balance

A sigmficant mse in unnary aldosterone excretion during
HGH admimstration was seen 1 five patients, bemng most
marhed with a growth hormone dose of 15 mg per day or more
One patient showed no change in aldosterone excretion while
1n another interpretation of the data 1s difficult The positive
sodium balance comerded with the merease 1n urmnary aldo
sterone output 1n three patients but this may be purely co
incidental 1n that two patients with a marked merease in
urnary aldosterone showed msignificant changes m sodium
balance

The failure to demonstrate any alteration mn urmary 17
ketosteroid and 17 hydroxycorticosteroid excretion during
HGH admmustration suggests that adrenocorticotropte hor
mone (ACTH) contamination mn the Raiben preparation 15
ymmmal or absent Absence of a significant change in ¥
uptake and urine osmolahty during HGH admimstration 1s
strong supportive ev idence for the absence of thyroid
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stimulating hormone (TSH) and antidiuretic hormone con
tammation respectively

A fall in unnary ascorbic acid during HGH admmistration
was seen In three subjects while 1n another three only equ:
vocal changes were observed  Alterations 1n urinary « amino
nitrogen have only been seen n severe hypopitutary subjects
and nterpretation of these data must await further study

No significant change 1 the serum concentration of sodium
potasstum chlornde bicarbonate caleium cholesterol choles
terol esters total hipids hipid phosphorus mucoprotems or

200
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SUGAR 100 ';\:)\ . 1th DAY HGH
mg / . v~ arter
o
12 3
HOURS

Fic 5 Imparment of the oral glucose tolerance eurve

during human growth hormone administration 1a a dose of

10 mg per day for 3 days increased to 20 mg per day for
the subsequent 8 days

glucosamune has been observed durmg HGH adminsstration
Although the serum morganic phosphorus showed a tendency
to mse durmg short term growth hormone admimstration
sustamed elevations occurred only during prolonged treat
ment This was also true for the serum alkalme phosphatase

Human growth hormone 1n o dose ranging from 200 to
600 pg /[Kg /day 1 hypopmitwtary subjects on cortisone re
placement therapy has consistently led to impawrment of
carbohydrate tolerance (Fig 5) This has been mamfested by
an elevation in the fasting blood sugar an ncrease and
occasional delay in the peak blood sugar level and a marked
elevation 1n the two hour post cibal blood sugar level using
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the oral or a modified oral glucose tolerance test These
patients have all shown flat glucose tolerance curves after
discontinuince of growth hormone In the fasting subject we
have obseryed hypoglycaemia to occur within 30 minutes of a
sigle mtramuscular mjection of HGH

Smg HGH
oo
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200

3 53 15 ] w ]
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Fic 6 The effect of human growth hormone on the plasma
non estenfied fatty acids 1n the fasting normal subject

Esidence for the fat mobihzing properties of HGH has been
obtained by observing its influence on the plasma levels of
non esternfied fatty acids in the fastng human subject
Following a single intramuscular injection of 5 mg of growth
hormone there 1s an mitial fall in plasma non estenfied fatty
acids which 15 maximal between 15 and 45 mmnutes followed
by a mise w hich m the endoerinologrcally intact indrvidual 15
maximal between 4 and 8 hours (Fig 6) There 1s Iittle if any
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difference 1 the non estenfied fatty acid response of normals
and patients with hypoprtuitarism using this dose of growth
hormone and following the response for 8 hours The non
estenified fatty acid response appears, in our hands to be the
earliest demonstrable activity produced by growth hormone
1n the fasting subject whereas a fall 1n blood urea mtrogen or
serum non protcin mitrogen 1s seen first 1n the non fasting
mdividual
As this data has already intimated anabolic effects have
been demonstrated m most but not all of the individuals
studied One subject with dwarfism and another with severe
postmenopausal osteopoross failed to reveal a retention of the
major components of protoplasm although other phy siologieal
activity was present Further disssmilanty 1n physiologteal
response to growth hormone has been observed and these are
best dealt under the following headings
(1) the anabolic effect of growth hormone and 1ts influence
on carbohydrate metabolism
(2} the anabolic effect of growth hormone and its influence
on aldosterone excretion
(3) vanations m the early response of blood glucose and
plasma non estenified fatty acid levels with different
batches of HGH

(1) The anabolic effect of growth hormone and its
influence on carbohydrate metabolism

Our data confirm the well established observations i other
spectes that growth hormone may be diabetogemc The dia
betogenic effect could not always be related to the anabolic
effect of the hormone as judged by nitrogen retention since
imparrment of glucose tolerance occurred with no evidence of
anabolic activity This was observed 1n a dwarf m whom the
moamal dose of human growth hormone was 440 pg [Kg fday
(Figs 7 and 8) In addition mmpared glucose tolerance
oceurred 1n the absence of mtrogen retention when a modified
porcine growth hormone prepared by Raben was given to two
subjects with dwarfism In two individuals one a normal
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student the other a patient with chronic renal disease no
change m glucose tolerance was seen although unequryocal
mtrogen retention occurred In addition no alteration re
sulted from the admnistration of large doses of MGH 1n the

BLOGD  SUGAR

IR

Fio 8 Oral glucose tolerance curves in the patient depicted in Fig 7
Note the impairment of carbohydrate tolerance on both porcme and
human growth hormone

Pork § T 11 smodsfied porcine growth hormone prepared by Raben.

one prtwitary dwarf to whom 1t was given although 1t pro
duced the most marked anabolic response which we have seen
(Fig 9) Finally = patient with postmenopausal ostecporosis
and a diabetic type of curve 1n the control period showed a
normal curve during growth hormone treatment
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Tio 10 The response of the umnary aldosterone as mensured by both
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This 15 the patient depicted 1n Fig 5 1n whom no anabolic effect of growth
hormone could be demonstrated
Pork § T H =modified porcine growth hormone prepared by Raben
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(2) The anabolic effect of growth hormone and its mn-
fluence on aldosterone excretion

In four of the studies an inerease m urmary aldosterone could
be correlated with mitrogen retention while 1n two patients
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Fic 11 The mfluence of human
growth hormone on urinary aldosterone
excretion m a patient with postmeno
pausal osteoporosis A dose of 5 mg
per day was adminustered for 3 days
followed by 15 mg per day for the
succeeding 8 days and thus fatled to
result in the refention of any of the
protoplasmu  constituents

(dwarfism and postmenopausal osteoporosis respectively) no
alteration m mutrogen storage occurted under circumstances
m which a defimite merease In urinary aldosterone could be
demonstrated {Figs 10 and 11} In the normal student nitro
gen retention occurred without any alteration m unmnary
aldosterone excretion
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(3) Variations 1n the early response of blood glucose and
plasma non-esterified fatty acid levels with different
batches of growth hormone

A fallin blood sugar and m plasma non esterified fatty acd
levels 1s usually seen within the first 15-45 minutes after the
intramuscular mjection of 5 mg of HGH 1nto the fasting
human subject In a senes of studres usimg a different batch
of growth hormone the transient fall n these parameters
failed to occur although the subsequent mise 1n plasma non
estenfled fatty acid levels was unchanged

Discussion

The data concerning the metabolic effects of primate growth
hormone 1n man are as yet relatively meagre and although
they permit some firm eonclusions to be drawn nterpretation
of other observations must of necessity be tentative This18
particularly true of certain dissimilanities m growth hormone
activity which have been presented not because an explana
tion 18 available but m the hope that a discussion mmght
delineate further methods of clarifying these 1ssues

A number of hypotheses can be proposed as explanations
for the apparent dichotomy betw een the anabolic and dabeto
genic effects of HGH It would seem most unlikely that the
growth and diabetogenic prmeiples were not 1dentical m the
Iight of the great increase mn knowledge concerning the mole
cular structure of growth hormone

In the expenimental animal & variety of factors mfluencing
the growth and diabetogenic responses have been observed
among them age and species of ammal pregnancy and lacta
tion the availability of thyroxme adrenocortical steroids and
dietary composition In the dog the ease of development of
digbetes during growth hormone admmmstration has been
shown to be related to the amount of protemn n the dict dogs
recerving a high carbohydrate or a high fat diet were less
sensitive to the diabetogenic action of growth hormone than
dogs fed a ligh protein diet (Young 1949) In our observa
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tions none of these factors seem to play a ¥ble The protemn
mtake n our subjects vared from ¢ 81 to 2 92 ¢ /Kg [day,
but this vartation could not be related to the dev clopment of
the impawed carbohydrate tolerance

‘There seemns to be no doubt that the dose of growth hor
mone s an important factor in the mamfestation of its diabeto
gematy Raben (1959) has suggested that doses of the order
of 30-100 ug /Kg /day result in hetosts and hypergly caerma
only in the hypophysectomzed diabetie subject The changes
which have been deserbed i our studies occitrred with dogses
ranging from 200-600 pg /Kp /day In addition i the more
prolonged studies performed to date by Raben Henneman and
ourselyes no impawment of glucose metabolism has ocenrred
with intermsttent therapy The amount of growth hormone
admunsstered however does nat readily explam our findings

Te1s of snterest that the two individuals sn whom anabolism
oceurred without any real effect on earbohydrate tolerance
were end ) 1y mntact suby (a normal student and
a patient with chronie renal farlure) in contrast to the group
with hypopitustarism  These observations are 1 agreement
with those reported 1n the experimental animal where dia
betogeniaity of growth hormone is most readily demonstrable
n the absence of pitintary funetion This however does not
explam the mmpairment of carbohy drate tolerance 1n the

h of an anabolie effect or the pp farlure of monhey
growth hormone to be diabetogenie
The effeet of HGH 1n 2 unmary ald s

of
interest i relation to the asyet mcompletely defined efferent
pathnay controlling sts secretion Qur observations sugrgest
that the increase 1s dependent n paxt upon the amount of
growth h d; 3 The possthi, y that the pre
sent preparations of primate growth hormone also contam s
contaminant  eapable of stimulating aldosterone secretion
has been considered A possible alteration wn the metabohe
degradation of aldosterone inereasing the free fraction as
measured in this study without altering the tota} aldosterone
excretion mught also explan these findings but prelimimary
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data suggest this to be incorrect Another possibility 1s that
growth hormone acts by stimulating a humoral agent con
cerned with aldosterone secretion or that it undergoes an
vwo alteration this issue 1s partially clanified by Dr Venmng
(this colloquuum p 174)

The concomitant fall in blood glucose and plasma non
esterified fatty acid levels after HGH admmstration to the
fasting subject certainly suggests an msulin ke action Our
data, at present donot help in determining whether thisis due
to msulin release from the pancreas or the release of msuln
bound to tissues or to the plasma protems or whether 1t 1»
completely unassociated with msulin actrvity The absence
of this effect with a certamn batch of growth hormone mght
suggest that minor alterations in the molecule may lead to an
alteration m physiological effect a pt which has 2
parallel m the behaviour of corticotropin

Summary

There seems to be unanimity among the many investigators
who have utilized human growth hormone that 1t 1s physio
logically active mn the human and appears to reproduce m
man many of the effects that have been previously desenbed
m a vanety of experimental amimals Anabole effects have
been observed 1 most, but not all of the indisduals studied
Certain disstmilanties 1n physiological response to growth hor
mone have been observed between 1ts anabohie effect and 1ts
mfluences on carbohy drate metabolism as well as 1ts 1
effect and 1ts influences on aldosterone excretion Alterations
mn blood glucose and plasma non estertfied fatty acid levels
appear to vary with different batches of human growth hor
mone Certam hypotheses as an explanation for these observa

tions are discussed
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GROWTH HORMONE AND ALDOSTERONE
SECRETION

Eireaxor H Vennine axp O J Lucs

McGull Uniersity Chme Royal ¥ aclorsa Hosputal
and Department of Intestigative Medicine
MMcGull Unitersity Monireal

THE observations made 1n our department that monkey and
human growth hormone when admimstered 1n amounts above
5 mg daily to patients with pitwtary msufficiency caused &
rise 1n the levels of urinary aldosterone have prompted us to
study the mechamsm of action of this hormone on aldosterone
secretion

Various preparations of growth hormone derved from
human, monkey and porcine tissue were hindly supplied by
Dr Raben Dr Wilhelm: and by Mr Antoff of Nordie Bio
chemicals

The first experiments were designed to determine whether
growth hormone had a direct effect on the isolated adrenal
gland Tissue from rat and human adrenal glands was mncu
bated 1n Krebs Ringer glucose solution and varying amounts
of the different preparations of growth hormone were added to
the mncubation mixture The secretion rates of aldosterone
and other corticosteroids were measured and expressed as
ug /g [hour

‘When human, porcmne or monkey growth hormone was
added to the incubation medrum of rat adrenal tissue 1n vary
ing amounts, none of these preparations had any significant
effect on the rate of secretion of aldosterone and corticosterone
{Table I)

Similar studies were carned out on human adrenal tissue
obtamed from two patients with Cushings syndrome The
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Table I

EFFECT OF GROWTH HORMONE ON ISOLATED RAT ADEENAL GLAND

Growth hormone Aldosterone Cortrcosterone
mg fg tissue g g tissue/hour  pg fg tassuefhour
I Human (Raben}
none 101 16 4
0 181 10 9 15 8
0 587 90 158
108> 90 lost
I Poraine—205 A (Wilheln)
none 11 8 21 8
0 042 99 20 5
0 167 128 22 6
0 418 1z 23 9
III Monkey—462 B (Wilhelmi)
none 128 25
0 030 189 27 1
0 154 m7 25 0
o 368 126 26 0

rates of secretion of aldosterone hydrocortisone cortisone
corticosterone and 11P hydroxy A* androstenedione were
measured (Table II)

InCasel 0 15 mg /g tissue human growth hormone pre
pared by Dr Raben had no effect on the secretion rate of any
of the five steroids Waith larger amounts 1 5 mg /g tissue
all the sterotds were ncreased and this was considered to be
due possibly to contammation of the preparation with small
amounts of adrenocorticotropic hormone (ACTH) In the
second case the human growth hormone was prepared by
Nordic Biock ding to the p dure of Dr Raben
Incubation time was mcreased to 6 hours and the medum was
changed every 2 hours with a fresh amount of growth hormone
added Thus preparation of growth hormone also caused an
mereased secretion of all these varous steroids agam suggest
ing the presence of small amounts of ACTH in the preparation

Adrenal tissue was also obtained from a patient showing a
vinhzing syndrome (Table III) Porcmne and monkey growth
hormone prepared by Dr Wilhelmi were used During the
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GROWTH HORMONE AND ALDOSTERONE
SECRETION

Erranor H VEnsmnG anp O J Lucts

McGill Unueraily Clime Royal Victoria Hosputal
and Department of Intestigative Medheine
McGill Unwersity Montreal

Tue observations made 1n our department that monhey and
human growth hormone when admnistered in amounts above
5 mg daily to patients with piturtary msufficiency caused a
nse 1n the levels of urmary aldosterone have prompted us to
study the mechanism of action of this hormone on aldosterone
secretion

Various preparations of growth hormone derrved from
human, monhey and porcine tissue were hindly suppled by
Dr Raben, Dr Wilhelm and by Mr Antoff of Nordic Bio
chermicals

The first experiments were designed to deterrmne whether
growth hormone had a direct effect on the 1solated adrenal
gland Tissue from rat and human adrenal glands was meu
bated 1n Krebs Rmger glucose solution and varymg amounts
of the different preparations of growth hormone were added to
the mcubation mixture The secretion rates of aldosterone
and other corticosteroids were measured and expressed as
ug /g /hour

When human, porcine or monkey growth hormone was
added to the mncubation medium of rat adrenal tissue n vary
g amounts none of these preparations had any significant
effect on the rate of secretion of aldosterone and corticosterone
(Table I)

Similar studies were carried out on human adrenal tissue
obtamed from two patients with Cushings syndrome The
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ammals without an endogenous release of ACTH hvpophy
sectomized rats were used to study the effect of growth hor
mone Two groups of hypophysectormzed rats were used
Group A were hooded male rats Twenty four hours after
hypophysectomy 0 5 mg of monkey growth hormone (Wil

helmi 475-6C) was admimstered daily for 8 days Two hours
after the last injection the adrenal glands were removed and
ncubated for 3 hours in Krebs Ringer solution  The secretion
rate of aldosterone was greater in the adrenals of the rats
treated with growth hormone than in the adrenals of the con

trol hy pophysectomized rats whale that of corticosterone was
shghtly lower (Table V)

A sumlar experiment was carried out in a second group of
rats (Charles River strain) Group B which had been hypo
physectormzed for 11 days In these ammals treatment with
monkey growth hormone caused a still greater nse in aldo
sterone secretion with no effect on corticosterone secretion

In order to determine whether the plasma of the rats treated
with growth hormone contamed a tropic factor which would
stimulate ald secretion ad Is of normal rats were
mcubated 1n the plasma obtained from both groups of hypo
physectormized rats and from the ntact rats treated with
growth hormone The results are shown in Table VI The
rate of aldosterone secretion was higher mn the adrenals

bated i plasma ob d from the rats treated with
growth hormone than in the controls, while corticosterone
secretion was unaffected 1n the first two expeniments and was
shightly increased in the third

Conclusions

These studies suggest that growth hormone does not
directly stimulate aldosterone sectetion wn mtro  When 1t 1s
admunistered to intact and to hypophyscetomized rats the
adrenals of these ammals secrete increased amounts of aldo
sterone  The plasma of hypophy sectormzed rats treated with
growth hormone appears to contain a substance which
stimul 1d n vitro
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mcubation period 1-8 hours, 6 86 mg growth hormone perg
of tissue was used At the end of ths period the medium was
changed and the tissue was incubated for an additional °
hours with larger amounts of growth hormone In both
mcubation periods, these preparations caused a sigmficant
ncrease 1 the secretion of hydrocortisone, suggesting con
tamimation of the preparation with ACTH Although the rate
of aldosterone did increase this effect could not be dissociated
from an ACTH effect and 1t had to be concluded that gronth
hormone did not appear to have a selective stimulating action
on aldosterone secretion
‘Table IV

EFFECT OF TREATMENT WITH GROWTH HORMONE ON ADRENAL
SECRETION OF STEROIDS
Male rats 180 & 5 g recerved 2 mjections datly of 0 9 mg of growth hormone
drenals removed 2 hours after last njection and mcubated m hrebs Ringer
solution from 0-1 hour

Aldosterone Corheosterone
Porcine—205A (W alhelms) ug jg fhour vg /g [bour
Control rats B2 60
Growth hormone treated rats 158 66 0
Monhey—462B (15 slhelm:)
Control rats 12 4 621
Growth hormone treated rats 16 2 78 6

The n 110 effect of growth hormone on adrenal function
was mvestigated In the following expermments intact male
rats were admimistered 0 9 mg porcine or monkey growth
hormone for 2 days Two hours after the last injection the
adrenals were removed from the control and growth hormone
treated rats and were incubated n Krebs Ringer solution
The adrenals of the growth hormone treated rats secreted
shightly greater amounts of aldosterone than those of the
control ammals (Table IV} Whereas the porcine growth hor
mone did not affect the secretion rate of corticosterone there
wasa higher secretion rate of this corticosterord in the adrenals
of the rats treated with monkey growth hormone

Because of the difficulty in obtaining adrenals from 1ntact
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eds Smuth R W Jr Gaebler 0 B andlong C N H New York
MeGraw Hill)

Luft Dr Venning I would ke to add some data regarding the
yelationstup between the hypophysis and aldosterone exeretion As
T have already mentioned 1t 1s the free fraction of aldosterone and
not the reduced metabolite that was studied Hypophy sectonuzed
patients in the first forty esght hours following operation had an
merease 1n aldosterone excretion while the excretton of 17 hydrosy
cortreowds went down to extremely low values Ve also know that
durmg the same peniod these patients had inereased uninary volumes

hermore Dr Holfelt and I studsed the aldosterone exeretion
& number of patients with chromophobe adenoma of the hypophy sis
growimngabovethe sella tureien and displacing the by pothalamus and
of course also the thurd tentricle Vwhen we put these patientson s
low sodum deet no inerease wn unnary aldosterone resulted m most
of them while the same diet induced a sigmficant change i normal
subjects In addiiion m these patients the drnal thythm of 17
hydroxyeorticssds 1 blood was absent Al these data seem to
pont to a hypothal control of ald proc

Russell Fraser D Venmung 1 was interested i y our first serses of
expersments on the meubated glands showing that +ery high doses
of grow th hormone shghtly merease the production of many sterowds
from the adrenals I was surprised that you should suggest that
this rarght be due to contamunation with ACTH It seems to be an
extragrdmery effect to get from ACTH e an output of aldosterane
By well as other sterods  Might this not be another illustration of
what Taght be called the polyglandular stimulating effect of growth
hormone which 1n large doses seems to have a vancty of glands s a
target 7 1 wonder whether i jour wn tito experments later 1t
mught not be hat like the parath { effect Iy spp
if you have a grent excess of growth hormone and if this'was so one
mught expect the eflect at & varving time after the starting of the
targe Goses of growth hormone  In our patients we have found that
saduum yetention was an early and a rather short Ined effect and the
other effect lasted very much longer One mught by thes means be
able to discrmnate between a direct snd an indirect achon

Fenmng Ve find that most preparations of ACTH with the
exception of the US P standard of irmour cause an merease sn
aldosterone secretion n 22170 1n human wnd rat adrenal gland tissue
Of course the nise wn the secretion rate of hydrocortisone 15 much
greater than that obserted with aldosterone

It 1understand Dr Venning that you have done expennments
1a vitrg wath ACTYL uswg bua adrenal gland tissue and got an
wncrease of aldosterone but not os marhed as corticosterone §
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DISCUSSION

Anderson 1 congratulate the authors on this beautiful work and
would like them to comment on how they would correlate certam
other findings with their interpretation of the effect of growth hor
mone It has been shown by Ball and Davis that urimary aldosterone
falls immediately following hypophysectomy but rses agam If &
partial hgature 15 placed on the vena cava (Ball W C and Davs
J 0 (1957) dmer J Physil 191 329) In this condition you have
no grow th hormone no ACTH no priurtary hormone of any kind to
stimulate the seeretion of aldosterone Of course 3ou rmight say that
this hypophysectomized dog has his pineal and midbram but we
have found that after complete transection at the upper midbram
level in the dog the aldosterone in the adrenal yenous blood 1s nor
mal and the urnary excretion of aldosterone 13 normal

Venmng It 1s very difficult of course to explain these findings
The effect of growth hormone on aldosterone secretion appears to be
mdependent from the effects that are noted 1n your particular expert
ments The hypothalamus and the pimeal gland are intact m our
rats and yet the ad, 10n of growth h causes a nse of
some substance m the blood which 15 stunulating the secretion of
aldosterone OFf course we do not know the nature of this factor at
the present time Farrell has shown that extracts of pmeal glan
contain a substance which stinulates aldosterone (Farrell G {1959)
Endocrinology 65 239)

Beck I dont think we would propose erther that ths 1s synony
mous with glomerulotropin My personal feeling 1s that 1t may be Just
one of the factors that mfluence aldosterone secretion 1t may not be
the specific substance It should be emphasized that 1t may be that

wth hormone undergoes some biological change on mjection which
allows 1t to become actrve and which we might not see 1f 1t were
added directly to plasma snzitro There 1s evidence for that in other

areas

Anderson It 1s unfortunate that we have nobody present at this
colloquium to speak about the effect of growth hormone on cardio
renal phystology 1t 1s concervable that some changes in rena
physiology might be mvolved i the excretion of aldosterone

Bech That 15 bemg done by us at present m humans and un
fortunately so far we have studied only patients with abnormal renal
function I do not think that this 1s a valid method of studying the
direct actions of growth hormone on the kidney which certainly 1
Dr Wlate s hands were very mpressive (White H L (1955) In
The Hypophyseal Growth Hormone Nature and Actions p 178,
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mone gives the same drop xa blood sugar as 3 m units of wsulin
These antmals which zes; to growth hormone have had thewr
wslet cells destroyed by allovan so we feel that the hypogly eaemua s
not due to release of insulin but 15 8 direct effect of growth hormone

Heck ‘There 35 & good deal of evidence from snxmal studies that
s s not due to msubin release

Pearson Ve have gnen growth hormone mtravenously m a dose
of 5 mg to diabetic subjects normal subjects and hypophs secto-
mized subjectswith or without diabetes Blood sugas and unestenfied
fatty acid lesels were measured at 15 30 60 120 and 180 minutes
after the mjection In all patients there was an mtial dechine n the
blood sugar and unestenfied fatty seid leveds the maxunum decline
usnally occutnng at 30-60 munutes  Followmng this decline the
blood sugar level gradualls returned towards the prewjection level
at 2 and 3 hours whereas the unesterified fatty acuds rose to very
Iagh Yevels at 2 and 3 bours  In diabetse hvpophy sectormzed sub-
jects the higher the yutial blood sugar Jevel the greater was the
dechne in blood sugar level but 1 no case did severe hypogly eaemua
deselop after of prowth h Insulan was withheld
for a munimun penod of 24 hours before mjecting the growth bor
mone wm the diabetic patients who were receiving wmsulin This
growth hormone mduced dechoe 1 blood sugar mnd unesterified
fatty acd levels was vbsersed i hypophysectormzed jnvemle type
diabetic patients in whom there 15 reason to beheve that kttle or
1o endogenous wmsuln can be produ

ese obseryations suggest that the growth hormone mnduced

dechine w blood sugas and unestertfied fatty seid levels wnot due to
msuln release from the pancreas Previous anunal studies have
wdicated that this effect of prowth hormone can oceur w the
absence of the pancreas D5 Andemson have you withdrawn
wnsulin completely m jour studies and still seen thus effect 7

Anderson 1don t behieve insubin needs to be present to obtam the
gly esemie effect with growth hormone As I mentioned we
have ob d guficant hvpogly effect 1w the hvpophy
sectomzed alloxan dibetic rat with amounts as low as 10 pg of
frowth hormone

Young Recently Manchester and I bave s estigated agamn the
effect of growth hormone on the glucose uptahe of 1salated rat dia
phragm and we found as others have done before that a clear sn
ziire effect of growth hormone 35 observed with diaphragm from
hypophssectomized rats but not with that from normal rats (Man
chester K L and Young F G {1909) J Frdocr 18 881) Ths
+ffeet wath diaplungmm from hypophy & rats 1s not sholished
by anti wsulin serum  With entiinsubin serum present wm the
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Venming The greatest effect 1s observed with hydrocortisone
cor! terone 1s also d and ald to a lesser extent

Ly Dr Carstensen and Dr Burgers have recently reported that

1d one was the pred steroid d 1n mcubates of
adrenals from the American bullfrog Rana catesberana, under the
stimulation of bovine ACTH (Carstensen H, Burgers A € J and
L1 C H (1959) J Amer chem Soc 81,4109) Some corticosterone
was also found, but no cortisol or cortisone The ratio of aldosterone
to corticosterone was 3 6 1 thus the aldosterone 1s apparently the
major steroid stmulated by ACTH Perhaps the combination of
ACTH and growth hormone 1s the best inducer of aldosterone sec
retion from the adrenal gland e t2tro whether 1t 1s rat or human
adrenal T am wondering 1f 1t would be worth while to carry out
this experment

Venning I think 1t would When we admimster ACTH mira
muscularly to normal mndividusls we mvanably obtamn a nse 1
unnary aldosterone

Beck There 15 one other explanation 1t may be a direct mfluence
of ACTH on aldosterone synthesis at least m our hands My sug
gestion would be contradicted by your observations Prof L The
other posstble mechamsm wonld be that you are stimulating eortt
costerone which after all, 1s probably the substrate for aldosterone
synthesis If you had more corticosterone around 1t might be that
aldosterone synthesis would go on m association with ACTH but
without bemng directly due to 1t

Anderson Dr Bech Y should hke to know more about your
findings on hypoglycaema  How soon after the giving of growth
hormene did you get hypogly caemua and could you get 1t after every
mjection eg m the case of daily njections did you find hypo
glycaemta each day or did 1t not persist ? Also was the patient 1n
a fasting condition when he became hypoglycaemic ?

Beck These studies have been carmed out m so called normal
medrcal students Hypoglycaema occurs between ten and twenty
minutes after a single ntramuscular mjection of growth hormone
usually after a 14 or 18 hour fast We do blood sugars every ten
minutes and at the end of one hour the patient s blood sugar has
returned to control levels Vve have not attempted to repeat 1t day
by day but we have repeated 1t in the same subjects say at four
five or seven day intervals and the effect has been present

Anderson Ve bave found the same thing i hy pophy sectomzed
alloxan diabetic fasted rats 1n 25 minutes there 1s a fall n ood
ghucose which grvesa Iinear dose response curve to 10 pg 30 ug and

owth hormone (prepared by Wilbelm: for the National

0 of
‘I’nsﬁutesgorf Health Bethesda) the effect of 10 ug of growth hor
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your 18 yesrold panhypopitus m 2 injection peniods hus
alkahne phosphatase seemed 1o go down Is that true ?

Beck That 1s qumte true  Fust of afl he had an elevated alkaline
phosphatase for reasons that we have never been able to explan
It 3s still up 2} years later and he has had adequate amounts of
vitamm D Hoswever m other prtuitary dwarfs that we hase treated
for a short term period there has been no change m the alkalne
phosphatase whereas when they are on prolonged therapy there ss s
nse I have no explanation for this curions finding

Senenberg Some experuments we have made may be related to
yours in that at times we have seen & fall m alhaline phosphatase
after acute injections of growth hormone It may be related some
how to the period of fasting baforchand or the food mtahe but Tam
2ot sure abaut that

Beck We hate made no obsersations on that

Lufi Could the change observed m acute expenments with
growth hormone be due to an increase m the extracellular flmd
yohume ?

Beck We lihe you bave certmuly measured extracellular fhud
voluree and total body water and there 3s an morease but Idont
think 1t could be correlated with the fall i athabne phosphatase 1
this patient,

Rodriguer Ve did some experiments on the diabetogenie action
of different prey of growth h m force fed rats with
mild allovan dubetes with 2 fasting bleed sugar of 150-200 mg
and & ghycosuna of not more than 100 mg 1 24 hours We used
ovine growth hormone monkey prowth hormone prepared by Dr
Raben and human growth hormone prepared by Dr Raben and
Prof 11 In the cond of our all of these h
have mare or less the same diabetogenic action when 1 mg per rat
per day 1 given hy suheutaneous mjection dunng 4 days

Zuft Ywould hke to know 1f the members of the colloquium have
noticed any change sa the well being of patients who were grven
growthhormone e have some ssolated observations i tius respeet
In two of the patients in whom we did metabohe studies some
psyehical changes were noticed the patients became nervous and
somewhat difficult to handle they slso had some anorexia One
member of the group whe had an mactive rheumatord arthntis
complaimed of general malwse and some pan 1n the yonts

Raben 1 have found on the contrary i the course of treating
pituitary dwarfs that they have been more vigorous and setive and
%mic happy end Thave seen noevidente of any sart of detersoration

f course the doses mvolved are guite different—you used I thunk

about ten fimes our dosage
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medmum the effect of grow th hormone 1s clearly not due to the release
of msulin bound 1n the tissues so a direct effect of growth hormone
1s much more likely We cannot reproduce this action of growth
hormone with diaphragm from normal rats for some unexplained
reason

T alhelmy 1t 1s quite possible that some of these effects on early
hypoglycaerma may be related to observations that have been re
ported recently by Winegrad and co workers and also by Jungas and
Ball working with the epididymal fat pad wn vitro (Winegrad A T
Shaw, W N Lorens, ' D W Stadie W C and Renold A E
(1959) J bl Chem 234 1922 Jungas R L and Ball E G
(1959) Amer chem Soc Meeting Boston Mass Abstr 61C}
Here using relatively hugh doses of grow th hormone (0 1-1 0 mg 3
ml of medium) both groups have observed that there 1s evidence of
an mcreased utihization of glucose 1n the presence of growth hormone
which 1s reflected 1n one mstance by an mcreased output of 4C0;
from umformly Iabelled glucose and 1n another instance by altera
tions 1n the apparent RQ as Ball measures 1t and thirdly by dieet

of the disapp of glucose from the medum In

our own laboratory a student Mr J N Femn has repeated these
observations n the design of Dr Balls experiments and he has
seen ths effect also that there 1s on ncubation with growth hor
mone an mereased uptahe of sugar from the medm If this 1s ant
early effect of the hormone and if 1t 1s reflected m all of the adipose
tissue to some extent then perhaps an msulin mdependent uptahe
of glucose may be observed Winegrad and his colleagues also saw
that m epdidymal fat tissue from allovan dabetic rats the same
effect of enhanced 14C0, production was observable so that here
also there might be some reason for an mncreased glucose disappear
ance which could result m & mmld order of hypoglycaema shortly
after admmstration of the hormone

Luft Altszuler and co worhers studied the disappearance rate of
[*4CJglucose m dogs and observed a decreased disappearance when
growth hormone was grien but in spite of this the peripheral
utilization of glucose was increased (Altszuler et al (1959) Amer J
Phystol 196 121) The implication would be that growth hormone
1 dogs wncreases the production of glucose by the liver

Beck, Would anyone care to hypothesize that there 1s a fall m
unesterified fatty acids ?

Pearson It 15 relatn ely small but 1t does appear to be significant
1n the studies that we have done

Bech, We certamly believe that 1t s sigruficant

Sonenberg Dr Bech yjou mentioned that you see the mse 1
alkaline phosphatase only on more prolonged injections and 1mn
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of Langerhans 1s the level of the blood sugar I would be mterested
m any comments on this question

Anderson 1 agree with you one hundred per cent!

Pearsan Dr Rodriguez how do you explan the profound dif
ference 1n the effects of growth hormone 1n the non diabetic and 1n
the diabetic? Since one has functioning 1slet cells and the other has
a marked diminution or perhaps absence of islet cells 1t would seem
Iihely that the islet cells do something to protect the patient How
do you eliminate the 1slet cells?

Russell Fraser Surely 1t 1s not the blood sugar level but the tissue
sugar level that 13 effective?

Anderson Do you mean that 1t 15 the sugar level in the pancreatic
tissue which stimulates the release of msulin?

Russell Fraser Yes

Anderson ' We have done a series of expertments using over 30
dogs 1 which we have studied the effect of v arious agents on the rise
of nsulin 1n the pancreatic venous blood and the only agent that
causes a very sigmficant nise n nsulin 18 glucose If we raise the
ghucose level in the blood to 250-800 mg per cent we get more than a
fivefold merease m the msulm content this 1s based on the assay of
msulim 1n the blood Growth hormone prolactin ACTH and tolbut
amtde have no effect per se on the release of msulin

Russell Fraser Others have done expenments i whach T think
you will agree sulphanylurea infused into the pancreas does produce
& r1se m the insulin content of the efferent +enous bleod

son_Have they assayed the imnsulm 1n the pancreatie blood ?

Russell Fraser Yes Dr Pfeffer in Stuttgart has done that
{Pfesfier E (1959) Proc III Congr wnt Diabeles Fed Stuttgart
Thieme) Y would not think that it alters the main hypothesis in the
shightest It 1s hard to believe how the level of sugar in the blood can
haﬁ,e any effect if 1t does not produce that effect on the mterior of &
ce

Sonenberg Dr Beck has referred to the dissociation of the hyper
glycaemic effect from the anabolic effect and I think this 1s consis
tent with the expenence of many others Vve have recently demons
trated hypergly caemia 1n hypophysectomized rats treated for a long
penod of time at the same time that they were demonstrating the
usual increase m weight and 1t was our feeling that this had not
been the experience 1n rodents before So I wonder if this so-called
thssomation 15 not merely one of dose and 1f you gmve a sufficent
amount of growth hormone for & sufficient period of time you mught
be eble to demonstrate both in the same expenmental stuation

Russell 1t may be true that dosage 1s a factor Another pomnt to
be considered with respect to hypoglycaemic and hyperglycaemic
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Luft Our patients m whom we carried out metabohe studies
were given 10 mg of growth hormone daily for 12-16 days

Bech, We have obscrved that on giving large doses of growth
hormone to two dwarfs they became withdrawn and rather surly,
where they had been snuling and pleasant before and they also
developed very marhed anorevia and we had great difficulty n
getting the balance diet mto them However with smaller doses
over a long term I would agree with Dr Raben that they seem much
happier

Raben In obese patients on low calorie diets as Dr Henneman
also noted 1n one of his pattents the appetite seems to dimimsh and I
wonder whether this could be partly due to ketosis Do you think
that some of your effects Dr Luft were related to ketosts ?

Luft Tdonot think so Dr Raben You may have noticed from
my shdes that the increased excretion of ketone bodies which we
observed 1n three patients out of four appeared durmg the itsal
part of the growth hormone period and then disappeared despite

d growth h d ation the general d 100
of these patients occurred during the latter part

Pearson We have seen two situations where growth hormone
seems to cause the patient to deteriorate very rapidly One was
the hypophysectomized diabetic patient already discussed We have
also been mterested m determming whether growth hormone would
stimulate the growth of tumours Human growth hormone m doses
of 5 mg /day has been administered to seven patients with osseous
metastases from breast who appeared to be 1mp: Z
following hypophysectomy In two patients there was a marhed
exacerbation of bone pamn withm two or three days which subsided
when the growth hormone was withdrawn There was a concomttant
nise 1n calcium exeretion in these patients In the other five patients
growth hormone was given for two to three weeks without producing
any untoward effects We cannot mterpret the sigmficance of the
deletenious effects of growth hormone 1n these two cancer patients

Dr Philip Henneman has had two patients with cramal pharyn

ta who loped signs of d nt 1 pressure
while recerving growth hormone He felt that growth hormone may
have stimulated the growth of this leston

Lorane In the patients with mammary cancer treated with
growth hormone was there any radiological evidence of deterioration
or was the period of therapy too short to assess this?

Pearson These were very acute effects seen within a few days

Rodrgues One of our vworking hy potheses 15 that the achon of
growth hormone on the islets of Langerhans 1s not a direct one
because we believe 1t 1s probable that the only stimulus for the islets




D1scussIoN 189

of Langerhans 1s the level of the blood sugar I would be mterested
m any comments on this question

Anderson 1 agree with you one hundred per cent!

Pearson Dr Rodnguez how do you explam the profound dif
ference 1n the effects of growth hormone n the non diabetic and
the diabetic? Since one has functioning 1slet cells and the other has
a marked dimmution or perhaps absence of islet cells 1t would seem
likely that the 1slet cells do something to protect the patient How
do you ehmmate the islet cells?

Russell Fraser Surely 1t 15 not the blood sugar level but the tissue
sugar level that 1s effective?

Anderson. Do you mean that it 1s the sugar level in the pancreatic
tissue which stimulates the release of msulin?

Russell Fraser Yes

Anderson Ve bave done a seres of experiments using over 80
dogs m which we have studied the effect of various agents on the nise
of msuln 1n the pancreatic venous blood and the only agent that
causes & very significant mse 1n msuhn 15 glucose  If we raise the
glucose level in the blood to 250 300 mg per cent we get more thana
fivefold mcrease in the msulin content this 1s based on the assay of
mnsulin in the blood Growth hormone prolactin ACTH and tolbut
amude have no effect per se on the release of msulin

Russell Fraser Others have done experments i which I thk
youwill agree sulphanylurea infused into the pancreas does produce
anse in the msulin content of the efferent venous blood

nderson Have they assayed the msulin in the pancreatic blood ?

Russell Fraser Yes Dr Pfeffer m Stuttgart has done that
(Pfelfer £ (1959) Proe III Congr wt Dhabetes Fed Stuttgart
Thieme) T would not think that it alters the main hypothesis m the
shghtest Tt1s hard to believe how the level of sugar in the blood can
haﬁ'e any effect 1f 1t does not produce that effect on the mteror of 2
cel

Sonenberg Dr Beck has referred to the dissociation of the hyper
glycaemic effect from the anabolic effect and I think this 1s consis
tent with the expenence of many others Vve have recently demons
trated hypergl. m hypoph: d rats treated for a long
period of time at the same time that they were demonstrating the
usual 1nerease n weight and 1t was our feeling that this had not
been the expenence In rodents before So I wonder if this so called
dissoctation 1s not merely one of dose and 1f you give a sufficient
amount of growth hormone for a sufficient period of time you mught
be able ta demonstrate both m the same expenmental situation

Russell 1t may be true that dosage 1s a factor Another pomt to
be considered with respect to hypogly and hypergly
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effects of growth hormone 1s themr time course When growth hor
mone 1s given to normal rats hypoglycaemua usually appears only
rather slowly the maximum effect 1s seen at about 46 hours after
growth hormone Hypogly eaemua of this type 1s not seen 1n anmals
previously treated with alloxan but imstead hyperglycaema 1s
usual The alloxan diabetic animal need not be severely drabetic to
exhibit this reversal of the effect of growth hormone but does show
reduced pancreatic function For this reason I think that the rels
tively late hypoglycaemia must be related to the secretion or
activity of msulm  The more acute hypoglycaemma seen within &
half hour or an hour such as that described by Dr Anderson may
be quite different mn orgin

Another mnportant consideration relates to the probable site of
action of the h m produeing 1ts metabolic effects In the
mtact rat 1t 15 ext dinanly difficult to d rate any achon
of growth hormone on glucose tolerance This can be done with
very large doses of hormone but even then the effect 15 mmmal
At the same fime however profound changes must be taking place
1n the utihzation of carbohydrate within the hissues as shown by
reduction n the RQ and mn the increased deposition of glycogen m
muscle The term dabetogenic 1s probably not a good one to use
to describe the metabolic effects of growth hormone because these
are not readily reflected by changes in the blood sugar or i glucose
tolerance curves The lafter are secondary effects which are seen
under particular conditions or during certan tiune mtervals The
so called diabetogeme effects—hyperglycaemia and reduced glucose

) must 1n th Ives be quute dary to the primary
action of the hormone within the tissues 1t may be better then to
speak of growth hormone as mhubiting carbohydrate utihzation
rather than as  diabetogeme  Inhtbition of carbohydrate meta
bolism mav result from an increase wm mobthzation and use of fat
but m the absence of evidence on this pomnt 1 would prefer to think
that the mobilization of fat was a consequence of the action of
growth hormone on the metabolism of carbohydrate m adipose
tissue This s & speculation_of course 1 have some 1des about what
growth hormone may be domg i the tissues including adipose
fissue but unfortunately ¥ do not yet have any evidence on this

pomt




HUMAN PITUITARY
FOLLICLE STIMULATING HORMONE

I Clinical Effect of a Partinlly Punified Preparation

CarL A Gemzerl EcoN DICZFALUSY AND
KarL G TIILINGER

Department of Obstetrics and Gynaecole
Rar linsha Hosprial and Kang Gustat V' Research Immulc Stockkolm

A paprmainy punfied human pitwtarv preparation of
follicle shmulating  hormone (HP FSH) was tested m 40
young amenorrhoeic women chosen at random from the out
Patient clinic of the Karolinska Hospital in Stockholm 14 had
2 primary amenorrhoea and 26 a secondary one (Gemzell
Diczfalusy and Tillinger 1858 1959)

Assessment of clinical effect

In the assessment of the climcal effect of the hormone the
following criteria were employed changes mn ovanan size by
pelvic examunation mspection of the avaries by culdoscopy or
surgical exploration uterme biopsy and chemical determina
tions of unnary oestrone oestradiol 178 oestnol pregnane
diol 17 Letosteroidsand corticosteroids (17 ketogeniesteroids)
In some cases the lutemzing factor in the form of human

opin (HCG) was ad d diately
after HP FSH treatment It was thought that in order to
obtain an ovulation by HCG one or several follicles had to be
stimulated Consequently an ovulation obtained might indi
cate ovarian response to HP FSH

Evaluation of endometrnial activity

The endometrium was evaluated as atroplic when no
glandular mitosis was found and as proliferatn e and secretorv
{Table 1)

191
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Table I
EVALUATION OF ENDOMETRIAL ACTIVITY
Secretory

Proliferatie Early secretory
hase Full secrelory

i
Atrophic Theah DModerate Intense (preparedness) — phase

No glandular >8 <8->2 <2 15th~18th 19th-"8th
mitosis day of cyclef day of cyele

Namber of glandular cross sections studled pecessary to detect one mitosla (Tllnger and
Westman, 1957)
mgo;mn[ vacuollzation simlar to the one found In normal cycles (Noye Hertig and Rock

Dose of HP-FSH

The HP FSH was ad ed mtr larly m daly
doses of 10 mg during a 10 day perod The 10 mg dose was
chosen as 1t produced a sigmificant effect 1n a hypopituitary
dwarf (18) while 1 mg per day had no effect and the doses
of 2 and 5 mg per day only produced a shght mncrease 1n
the proliferative actimity of the endometrmm Ten mlly
grams per day gave mise to a polyeystic enlargement of the
ovarnies and a significant increase 1n the oestrogen exeretion
(Fig 1)

In a young woman with primary amenorrhoea (1} & daily
dose of 5 mg during a 10 day period had no effect, while 10
mg per day during pertods of simlar length before and after
produced a sigmificant mcrease m ovarian size and oestrogen
excretion

Repeated admunistrations of HP-FSH

Repeated treatment with HP FSH was performed m four
women One woman with primary amenorrhoea (1) was
treated seven times during one year and recerved altogether
710 mg of HP FSH A menstrual bleeding followed each
treatment and the effect of the hormone on the ovaran size
and the oestrogen excretion did not seem to change from one
treatment to another
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Results

Following the admimstration of 10 mg of HP FSH dunng
a 10 day pertod a polycystic enlargement of the ovaries was
found 1n 27 out of 40 amenorrhoeic women {Table IT} The

Table IT

Errect oF HP FSH (10 MG X 10) ON THE OVARIAN SIZE URINARY
oF NS 17 kS anp 17 OHCS
IN AMENORRHOEIC WOMEN

Mo of
patients Increase Dochan ¢
Ovaran size 40 27 2411
Qestrogen excretion 30 16 3+11
Pregnanediol excretion 30 4 b+ 1
17 KS excretion 30 3 16 + 11
17 OHCS exeretion 50 3 16 + 11

urmary excretion of oestrogen ncreased mn 16 of pregnane
diol m 4 and of 17 hetosterords and corticosteronds m 8 out
of 80 women There was a group of 11 patients who did not
show any response to HP FSH

Theeffect of HP FSH on the endometrium 1s shown in Table
III Of 27 women with atrophic endometrium before the

Table I

Errzct oF HP FSH (10 MG X 10) 0N THE ENDOMETRIUM OF AMENORRHOEIC
WOMEN WITH DIFFERENT ENDOMETRIAL ACTIVITY BEFORE TREATMENT

4 Endc actwty after FSH treatment
actity
before Prohferative Secretory
FSH No of —r——
treatment  patients Atrophic  Weak Moderate Intense Early Full
Atrophic 27 11 2 1° a2
Prolferative
(weak) 3 1 2
Proliferative
(moderate) - 1 1 PR
Secretory f
(early) 1

Sum 38 1 3 12 4 L —
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treatment, 16 responded with prohiferative sctivaty while 11
did not show any endometnal change These 11 women were
the same 11 reported 1n Table IT They will be discussed later
Fig 2 shows a typieal response to HP FSHn a young woman
C Mtag wpen
HCG 16030 1LY FSH (gmg)
irn T
Y
o trone Tpgl e
w | a e —

]

Pega g Umy

e

37 TS (mg)
: e
» L~
10
17 KS drony

"q P e

Erviomat il oct ity
a a a »

m W|y Wu Sy Wy By My Ty

Fio 2 Sterowd excretion (48 hours) and endometnsl
activity 1n a woman with secondary amenorrboea dur
ing treatment with HP FSI

(24) with secondary amenorrhoea  The ovanes were polyeystic
and enlarged the unnary excretion of oestrogen was mereased
and the endometrnium ch dfromatrophic 1y pro-
Iiferative No change 1n pregnancdml 17 hetosterods and
corticosteroids was observed A withdrawal bleeding appeared
seven davs after the last injection
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Results

Following the admmstration of 10 mg of HP FSH durng
a 10 day pertod 2 polycystic enlargement of the ovames was
found 1n 27 out of 40 amenorrhoeic women (Table II) The

‘Table IT
EsrecT or HP FSH (10 MG X 10) ON THE OVARIAN SIZE URINABY
OF

17 KS aND 17 OHCS
IN AMENORRHOEIC WOMEN

Mo of
patents Increase Mo chane
Qvanan size 40 27 2+11
Oestrogen excretion 80 16 341
Pregnanediol excrebion 20 4 15 +11
17 KS exeretion 30 3 16 + 11
17 OHCS excretion 80 8 16 4+ 11

urmnary excretion of oestrogen ncreased m 16 of pregnane
diol m 4 and of 17 ketosterords and corticosteroids i 3 out
of 30 women There was a group of 11 patients who did not
show any response to HP FSH

Theeffect of HP FSH on the endometrium 1s shown in Table
IIT Of 27 women with atrophic endometrum before the

Table IIT

Esrrer oF HP FSH (10 M6 X 10) ON THE ENDOMETRIUM OF AMENORRUOEIC
WOMEN WITH DIFFERENT ENDOMETRIAL ACTIVITY BEFORE TREATMENT

Endometnal Endometrial actunty after FSH treaiment
actirty
before Prolferative Secrelory
FsH No of A
treaiment  patients Atrophic  Weak Moderate Intense Early Ful
Atrophie bl 1 2 12 2
Proliferative N
(weal B 1 2
Proliferative
(moderate) 7 1 1 1 +
Secretory 1
(early) 1
Sum 38 1 3 12 4 8 -
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When HCG was admnistered to women pretreated with
HP FSH an ovulation occurred, usually within 48 hours as
indicated by the nise in pregnanediol excretion the fall in
oestrogen excretion and the secretory reaction of the endo
metnium  In an amenorrhoeic woman (21) HP FSH raised the
level of urinary oestrogen from less than 10 pg /48 hours to
more than 5mg  enlarged the ovaries to a diameter of 5-7 em
and changed the endometrium from atrophic to proliferative
Following HCG treatment an ovulation occurred as indicated
by the sharp nse m pregnanediol excretion and the fall
ocestrogen excretion Dumnng HCG treatment the size of the
ovaries d further hing a d ter of about 15 cm
Biopsy was performed on the day after the last injection of
HCG and revealed a secretory endometrium similar to the one
found on the fourth postovulatory day At the same time a
culdoscopy was done and one of the large follicular cvsts was
evacuated and about 750 mi of flwd was collected for chemieal
analysis (Fig 8) The follicular fluid contained small amounts
of all the three oestrogens in about the same proportion as in
the unine  Tollowing the evacuation of the cyst the pregnane
drolexcretion decreased Duetothisfactand tothetremendous
amount, of pregnanediol found 1n the urmne (140 mg /48 hours)
1t may be assumed that progesterone was formed not only in
the corpus luteum but also 1n the folheular cyst Unfortun
ately, the follicular flmd was not tested for pregnanediol The
elevated level of the corticosteroids was probably due to some
progesterone metabolite possibly pregnanetriol The cortico
steroids were determned as 17 ketogenic steroids and preg
nanetriol 1s such a steroid  Two weeks following the ovulation
a menstrual bleeding appeared

Data of the 11 women who did not respond to HP FSH are
presented in Table V. Three had 2 secondary amenorrhoea
and 8 o primary one Three cases (14 15 16) exhibited a
typical syndrome of gonadal dysgenesis with retarded growth
and male (M) sex chromatin pattern  Eight of these women
‘were operated upon and their ovanes inspected  The histo
logical examination revealed marked hypoplasia 1n one case
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Of the 10 women with proliferative actvity of the endo
metrium before treatment with HP FSH, 7 responded witha
secretory reaction indicatig that an ovulation had occurred
(Tables IITand IV) Three typical cases (7, 26 36) with Stem

Table IV

Resronst To HP FSH (10 MG X 10) 1N AMENORRIOEIC WOMEN WITH
'VARIOUS PROLIFERATIVE ACTIVITY OF THE ENDOMETRIUM BEFORE

TREATMENT
Total Endometrial
gonado actuity
troping  pe—A——
Mo Imnals Dianosts wnunne  Before  After
4 LI sa normal P P
5 E G SA (LHdeficency?) low P P
6 1F S A (LH deficiency?) normal P P
7 A'S  SA StemLeventhal normal P 5
26 K A SA Sten Leventhal normal P ES
27 SC  SA normal P ES
36 EJ  SA StenLeventhal low P ]
88 SL SA low P S
42 CL PA normal P 5
43 IN  SA Hirsutism normal F ES
48 hS SA normal ES s

S A = secondary amenorrhoea
P A — prumary amenorrhoea

Leventhal syndrome belonged to this group they ovulated
early during the treatment One amenorrhoeic woman {48)
recerved HP FSH treatment immediately after a spontaneous
ovulation The ovartes mcreased m size and the urmary
excretion of oestrogen was elevated However the pregnane
drol excretion decreased during the last days of the treatment
and a menstrual bleeding appeared exactly two weeks after
the calculated day of ovulation Two amenorrhoeic women
{5 6) ovulated after treatment with HCG alone Following
HP FSH admmmstration they showed polycystic enlarge
ment of the ovaries and endometrial proliferation It may be
assumed that the menstrual disorder of these women was due
to a deficiency of the luteimzing factor of the pitwitary
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and complete lack of germinative tissue 1n the ovanes of the
others Fig 4 shows the Jack of response to HP FSH in a
young woman (10) in whom surmesl exploration revealed
ovaries without germmative tissue

Two cases with typical Stemn Leventhal syndrome (26 36)
and one case (43) with an advanced hirsutism responded to
HP FSH with marked increase in the urmary excretion of
17 ketosteroids and corticostermds Fag 5 shows the woman
with ursutism - FICG had no effect HIP FSH mereased the
unnary excretion of 17 ketosterods to 62 mg /48 hours and
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the corticosteroids to 60 mg It may be assumed that these
steroids orginate from the ovarres

o Case $N Age 26yeas
HCG (8000 1L} FSH (1gmg}

IRRIRE;

201 O strone (g}

.
—_— —_—

204 Oestradol 178 (pg)
mL
J—

zo:I Oestriol {pg)

10

4y P egnanedolimg)
—_—

403 17 OHCS (mg)

305 17 KSimg)

10,
End met of oct ty
l A A A
g Wy BeBm My Sy O
Fic 4 Steroid (48 hours) and 1

activity n a woman with secondary amenorrhoes
and complete lack of germnatiye tissue in the
ovaries during treatment with HP FSH

It was found 1n cases who ovulated on HP FSH alone that
during a short period following ovulation there was no further
1ncrease 1n oestrogen excretion even 1f the admunstration of
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g f48 hours This level was stil far less than was expected
n similar cases  Those results are only prelmmary HP FSH
was also adminustered to 4 pregnant women who 1n the six
teenth to the et h weeks of p were op
upon for therapeutie abortion None of the ovanes of these
women showed any signs of stunulation and histological
examination revealed no follicular growth

In a few cases of amenorthoea HP FSH was used to cure
stenhity Fig 7 shows a successful case (27) Following an
HP FSH test to confirm an ovaran response a schedule was
worked up to produce ovulations at certain pomts of time
Two weeks after the second ovulation when the menstrual
penod failed to appear and the temperature following ovula
tion was still elevated 1t was suspected that fertilization had
taken place Two weeks later pregnancy was confirmed by a
posttive Fiedman test The woman was delivered 265 days
after the day of ovulation of normal dizygotic twins weigh
mg 2 7and 3 8 Kg respectively

Discussion

1t 15 apparent that YIP FSH 15 a potent hormone when
tested in human beings In amenorrhoeic women it produces
enlarged polycystic ovanes and a great mcrease 1n unnary
ocestrogen When HP FSH was combimed with the luteimzing
factor 1n the form of HCG an ovulation occurred and a corpus
luteurn was formed which was capable of secreting substantial
amounts of progesterone as shown by the change of the
endomgtrium to secretory and by the greatly elevated output
of pregnanediol  As shown in one case the ova produced 1n
this manner can be fertilized

The results seem to show also that in the human being
stimulation of the follicular apparatus by HP FSH 15 essential
for the effect of an ovulation indueing factor HP FSH by
itself did not produce ovulation 1n ovaries without any oestro
gen production as mdicated by the ntroplnc endomttnum
In a 3 women with end nal prol ind1
ecating a higher degree of ovarian activity, piid FS5H alone was
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HP FSH was contmued It was thought that the newly
formed corpus Iuteum was responsible for this effect and that
eventually progesterone inhibited the oestrogen production

o € BJag 20y 15
HCG (5008 L) FSH (10mg}

P g st ronel100mg)

Oestro ¢ (yg)  ——
Oestradiel T7Atpgh——
15 ] oest ot (ug)
10

: / A
20 Pregnoned Limg)
10

7 OHCS.
20 fms
1o = \/\/
17 KStmg
10
— e —

Endmt Lot ty

L :

% 0, 24 30 A

Fra 6 Steroid excretion (48 hours) and en

dometnial activity in a swoman with secondary

amenorrhoea during treatment with IIP FSH
and progesterone

Progesterone m a daily dose of 100 mg was therefore ad
mmstered together with HP FSH to 5 amenorrhoetc women
It 1s apparent from Fig 6 {85) that HP FSH did not mncrease
the urmary excretion of oestrogen nor did 1t change the size of
the ovames The 4 other women responded 1n a smlar way
although 1n 2 of them the urmary oestrogen rose to about 50
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the other It would appear that patients with low or normal
gonadotrop excretion will constitute the group of cases in
whom further investigation of their ovaman function by
means of an HP TSH test may be indicated

The marked increase i unnary 17 Letosteroid and cortico-
steroid excretton 1n 3 patients following treatment with HP
FSH was not well understood Ogne of these patients had a
marhed hirsutism and the other 2 a Stein Leventhal syndrome
A simifar merease 1n unnary 17 Letosteroids 1n 8 ont of 16
patients with Stein Leventhal syndrome following treatment
with hog or sheep FSH was reported by Keettel Bradbury
and Stoddard {1907) They wondered whether FSH caused
stimulation of the adrenal cortex In the three cases of this
study the inerease in 17 Ketosterowds and corhicosterords oc
curred together with a marked wmerease i the unnary oestro-
gens Furthermore no effect on the adrenalcortex as indieated
by & nse in 17 Letosterords or corticosterords was found when
HP FSH was admmustered to the 11 women with ovanan
failure Thus 1t may be assumed that 17 Letosterods ongin
ate from the ovanes and that the polyeystic ovanes found
cases with Stein Leventhal syndrome or 1o cases with hirsutism
produce steroids Ily not produced in the ovanes

1t has been the general coneeption that progesterone exerts
1ts influence on pitwtary FSH through an inhibition of its
release The results of this study mndicate that another mode
of action 1s possible Progesterone seems to have a local effect
on the ovanes which protects them from the action of prtwutary
and exogenous FSH This may also be the mechamsm in

g y where the ptibility of the ovanes to HP

FSH may be due to the hugh concentration of progesterone m
the body flmds

Summary
A partially punfied preparation of human pitwitary follicle
stimulating hormone (HP FSH) was tested in 40 amenorrhoeie
women A daily dose of 10 mg was adminustered during a
16-day penod
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able to induce ovulation Thus, 1t may be assumed that the
response to HP FSH may be conditioned by the functional
status of the ovares

The polycystic condition of the ovaries and the high exere
tion rate of oestrogen indicate that 2 large number of follicles
were stimulated following the HP FSH treatment Ths
suggests that the dose admimstered was most probably higher
than the normal req t In this 1t 15 of great
mnterest that although a large number of follicles was stmy
lated only one or two follicles were brought to ovulation

In 11 out of 40 amenorrhoerc women HP FSH had no effect
on the ovaries as far as ovarian size, endometnal activity and
urinary excretion of oestrogen were concerned When the
ovanes of 8 of these women were examined at operation they
were found to be markedly hypoplastic and no germmattve
tissue was found at histological exammation Thus 1t may be
postulated that the presence of germmnative tissue 15 neces
sary 1n order to obtam a response to HP FSH If so 1t would
be tempting to assume that lack of HP FSH response 15 3
reltable 1ndicator of the virtual absence of functional germind
tive tissue

In 9 of the 11 women who did not respond to HP FSH a
pathologically elevated urinary excretion of gonadotropms
was found Subsequent examnation at operation revesled
a very hypoplastic or an entire absence of, germmative tissue
of the ovaries This finding 1s 1n accordance with the well
known obseryation that abnormally high urinary excretion of
gonadotropins 1s associated with ovanan failure It follows
from the present investigation that in such cases no further
information can be expected from the admmstration of HP
FSH On the other hand, a normal or low urnary gonado
tropin excretion was found 1n all the 29 patients who responded
to HP FSH Although these data are still prehminary they
seem to indicate that a useful diagnostic approach to the
evaluation of ovarian function in cases of amenorrhoea may
be based on the assessment of ovarian response to HP FSHon
the one hand and the urmary excretion of gonadotropins on




HUMAN PITUITARY
FOLLICLE-STIMULATING HORMONE

II Preparation of a Highly Active Fraction
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Institute of Brochemisiry Unwernity of Uppsala, Uppsala
and Department of Obstrirics and Gynaecology Barolingha
Hospual and Rng Gustaf ¥ Research Instuute Stockholm

TrE partially punfied hormone preparation used mn the
chmeal e (G 1l Diczfalusy and Tallinger 1958
1960) has been further punfied by one of us (Roos) by means
of 10n exchange chromatography and zone electrophoresis

Samples of 200-225 mg of the crude preparation were
stirred 1n a centnifuge tube contamning 0 004 3 sodium citrate
buffer pH 5 2 Some insoluble matenal was centrifuged off
and the pH and conductinity of the supernatant were adjusted
to correspond to those of the buffer The solution {about 40
ml) was apphed to a column (2 5 X 25 em ) pached with
carboxymethyl (CM) cellulose m equiibrium with the eitrate
buffer and the column was operated at a rate of 24 ml /hour
Under these conditions the follicle simulating activity was
found 1n the matenal passing unretarded through the column
The weight of this fraction was 20-22 mg after dialysis and
lyophihzation No sigmficant activity was found in the
adsorbed matemal which was eluted with 0 8 » sodum
caitrate buffer of pH 6

The C¥ cellul h hy gave quite reproductbl
results and for the next punfication step which was chromato
graphy on diethylaminoethyl (DEAE) cellulose 1t was pos
sible to use the unretarded fraction directly without prior
dialysis lyophilization end actvity determination To the
amon exchange resin which was in equiibrium with 0 004
3 sotum citrate buffer pHL 5 8 either & volume of the active
fraction (pH bemg adjusted to 5 §) contammng 40-45 mg

209
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The followmg effects were noticed

(1) Polycystse enlargement of the ovartes and a highl
elevated level of urinary oestrogens

(2) Followmg repeated admumstrations the same ovaran
response was found

{3) Human chontomic gonadotropin (HCG) 1nduced ovula
tion in women pretreated with HP FSH, usually withm 48
hours

(4) Women without ovaran response showed esther com
plete Inck of germmatine tissue or marhed hypoplase of the
oy anies

(5) In cases with Stemn Leventhal syndrome ovulation wss
mduced by HP I'SH alone usually within 3 days of treat
ment
(6) In two cases with Stemn Leventhal syndrome and one
case with hirsutism a marked merease m the urmeary 17 heto
sterods and corticosteroids was found

(7) The ovanan response to HP FSH was blocked by simut
taneous ad itron of prog

{8) No ovaman response was found in pregnant womed
following admmstration of HP FSH

{9) In one amenorrhoste woman a normal pregnancy was
obtamed following the combined treatment with HP FSHan
HCG
{10) No ovnrian response was found m amenorrhoeic
women with a pathologically elevated everetion of gonado
tropms while all eases {except two) with a low or normal
exeretion rate responded
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doses correspondmg to 0 010-0 200 mg were taken for each
rat to be assayed
The results of an assay on a weight basis are summanzed
m Table I
‘Table 1

FSH acriviry BY OF A [
{A5D) ASSAVED AGAINST THE HUMAN MENGPAUSAL GONADOTROPIN
STANDARD (HMG 204)

Avperage fetialy
Aumber Total ovanan hmes

of dose neht  HMG201
Moferial als img) {ma)  standard
Starting material 5 0 100 51 } 61 x
9 0 .00 50
Actie malerial from
CiM-cellulose column 5 00 w4 21 x
5 0 100 105 =
DEAE celiulose column [ 0 010 33
[ 0 025 61 w08 X
D) 0 100 102
electrophoresis 8 0 010 04 o
v 8 0 040 150 }"“" x

As seen from Table I the fractionation procedure outhned
There pgives a product which is more than 30 times as active as
the preparation used in the climeal study The procedure 1s
however still under development and the results should be
considered as prelmmary

Papers dealing with the punfication of human FSH have
been published by Li (1958) Steelman Segaloff and Mays
(1958) and Steelman Segaloff and Andersen (1929) La
measuring the activity 1n slope units described o procedure
giving a product with an activity of approximately 600 units
Using slope units the electrophoretically punified fraction 1n
Table I seems to have an activity of about 5 000 umts  Steel
man Segalofl and Andersen (19.59) reported 1n on abstract
preparations 40~50 times as active as the Armour Standard
FSH 264151\ Since our matenal was assayed against
another standard a comparison of the activities 1s not possible
No physiochemtcal 1nvestigations have yet been reported
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protem or the same amount of Iyophilized materal dissolved
in the buffer, was therefore added With a flow rate of 18
ml /hour, some nactive material was found to pass straight
through the column, the follicle stimulating hormone (FSH)
being adsorbed Stepwise increase n buffer concentration ata
constant pH of 5 8 gave an actrve fraction at a concentration
of 0 02 M The yield of actrve materal after dialysis and Ilyo
phihzation was 20-25 mg  corresponding to about 5 per cent
of the starting material

The active fraction was submitted to zone electrophoresisin
a vertical column (1 X 95 em ) pached with a copolymerisate
of polvvinyl chloride and polyvinyl acetate 1n 0 05 3 veronal
buffer pH 8 6 The matertal was continuously removed from
the column by the method of Porath Lindner and Jerstedt
(1958) The current was 5 ma during 48 hours at an applhed
voltage of 1 100 v The material distribution was determmed
by the Folin Lowry reaction and on this basis the fractions
were pooled into larger units which were dalysed and lyo
phihized The electropherogram showed three incompletely
separated peaks the most basic of which was found to contatn
the follicle simulating activity The yield from 19 mg was
about 1 5 mg and the overall yield after chromatography
and electrophoresis was about 0 5 per cent as measured by
weight

The follicle stimulating potency was estimated by the
ovarian augmentation test of Steelman and Pohley (1958)
The dose of human choriome gonadotropm (HCG) admints
tered to each assay rat was 18I U giving an average ovarnan
weight of 25 mg The activity of a fraction was measured
against the mternational menopausal gonadotropin standard
(HMG 20A)

Samples of the Iyoplilized fractions from the different
purification steps were assayed routmely in the followng way
The samples were dissolved 1 8 ml of 0 85 per cent sodium
chlorde solution and the absorption at 284 mp. was determined
using 1 em quartz cells  On the assumption that 1 mg pro
temn per ml grves an optical density of 1 0 at this wavelength
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ethmy) nor testosterone (nor-ethisterone) which was hundly sup-
plied to us by Schering A G Berlm Ve admimstered nor-etht
sterone enanthate in relatn ely large doses to postmenopausal sub
Jects with or tie y and found
that 3 marked fall in urinary gonadotropin lesels occurred It wowld
therefore appear that thiz compound at least 1n postmenopausal
subjects can act as a pitwitary mhibitor as far as genadotropin
secretion Js concerned

Gem.ell We have some prelmunary results on the unmary excre
tion of this preparation which are very simlar to those which you

ave obt d° We d larly 50 mg of this
partially punfied preparation to two hypophy sectomuzed women and
the recovery from the urine was very low probably about 5 per
cent the sctivity was obtsmable for at least 6-7 days followmng
njection

Lormne Have vou noticed anv difference in response to FSH
between patients with pnmary amenorrhoea on the one hand and
with secondary amenorrhoea on the other?

Gem.ell  As yet we have not enough matenal to be able to show
any differences The response to FSH vanes very much from one
case to another In one case we get a response of oestrogens of 400~
500 gz /48 hours and 1n the next sumlar ca e the elevation up
to several mg At present we are unable from the climeal findings
n the patint to predict the effect

B Houssay The merease 1n 17 hetosterords m some of Dr
Gemzell s patients raises a very interesting pomnt 1¢ that gonado
tropws may act upon the adrenals but I'do not know if tins has
been found in the human I think that there 1s expermmental
evidence that 1t happens 1 some pathological conditions  In 1952
We were working on adrenal tumours produced by castration 1n
Tats and 30 per cent of our castrated rats developed oestrogeme
adrenal tumours (Houssay B A Houssay A B Cardeza A F
Fogha V G and Pinto R M (1903) Acta physiol lat amer 3
125) When we remosed the pitwitary the oestrus disappeared from
these rats with adrenal tumours If we then gave them a mixture of
pregnant mare serum gonadotropin and human choromie gonado-
tropm the oestrus reappeared but if we administered ACTH mstead
the oestrus failed to reappear We thought that this proved that in
certain pathological conditions gonadotropin may act upon the
adrenals

Gem.ell 1 do not know of any experiments where FSH has been
used 1n an attcmpt to stimulate the human adrenals but eertamly
there have been many investigations on the effect of human chor
‘ome ponadotropin on the adrenal cortex  Dr Borell in our cline
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Summary i
A highly active follicle stimulating fraction has been pre
pared from human pituitaries The fractionation, from a pre
viously described concentrate was achieved by 1on exchange
chromatography and zone electrophoresis

Achknowledgments
We are indebted to Professor A Tiselwus for hus hund mterest mn ths
work
Part of the exy m with this have been
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the Swedish Natural Scrence Research Counctl
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DISQUSSION

Lorawme I wonder if Dr Gemzell has any information on the
recovery of gonadotropins from urine followmng the adrmmstratgn
of FSH Recently my colleagues and I ad d app; y
900 HMG umts of human I'SH to a patient with pnmary amenor
rhoea We found that thuis material produced a mse In uripary
oestrogen excretion but no mse in urmary pregnanediol excretion
When we conducted recovery expemments for gonadotropins I
urme we found the yreld to be low I that less than 5 per cent of the
admmistered material was recovered over a pertod of seven days
following mjection of FSH We were also unable to detect the pre
sence of gonadotropic actvity mn blood immediately following the
njection of FSH and accordingly concluded that the rate of
appearance of gonadotropins from the circulation was very rapid

Tegarding the effect of progestational substances on gonadotmplg
excrefion we have recently had expemence with the compoun:
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17 ketosterods might be the two glands adrenal and ovary Many
years ago we determined the endrogenic potency of the urnary
extract by biologieal test and mn the guinea pig grien chononic
gonadotropin found v ery large androgemic potency We also found
androgenic potency in ovanan extracts from injected guinea pigs
using the castrated cock s comb test whereas no androgene activity
was found 1n ovarian extracts from control anumals

Gem.ell 1have no expenence of the use of human gonadotropins
n animal experiments  but all these women have becen treated with
human chorionie gonadotropin one or two months before FSH
treatment It has been suggested that 1t 1s possible {o produce
ovulation with the luteimzing effect only In these 40 women there
were only two who responded with an inerease 1n pregnanediol
excretion secretory reaction of the endometrium and ovulation
only one of the 40 women responded with an elevation of the urinary
17 ketosteroids  That was a woman with the Sten Leventhal
syndrome where one would expect the synthesis of steroids to be
disturbed

Malinow Dr Gemzell could fibrinogen levels be followed m
these patients? We have confirmed some of Gillman s early work on
fibrinogen levels 1n rats and found thit female rats have lower
fibrinogen levels than male tat  these differences disappear after
castration (Torres H N Malmow M R and Mirochnih L (1959)
Unpublished data Gillman T oand Nadoo S § (1958) Endo
erinology 62 92) Yee also found that fibrinogen levels undergo a
cyclic change they are lower during oestrus and higher durmg di
cesttus  Because we arc mterested m atherosclerosts we wonder
whether that could be apother way of protecting women from
coronary occlusion I think that Dr Gemzell s patients are yvery
suitable for this mvestigation and I would be very nterested to
know what the results would be

Gemn.ell T have no results on this but I agree with Dr Malmaw
that this may be very close to the problem to stimulate the ovaries
and induce ovulation

Fenning Dr Gemzell hase you analysed the folheular flud 1n
the cysts of patients with the Stemn Leventhal syndrome for andro
genic matenal?

Gem.ell Ve have not done that yet but we plan to do so

Raben Have studies sunilar to those which you have done on
patients been done with amumal FSH combmed with choriome
gonadotropm?

Gem_ell” Such studies have been carnied out espeenally by Scand:
navian gynaecologists Rydberg and Oestergnard 1 Copenhagen
(Rydberg £ and Qestergasrd ki (1930) Acta obstet gynec scand
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has shown that there are some effects although the dose of 150000
units of human choriome gonadotropm 1n a single admunistration
was very lugh The question may be raised of thss large dese by itsell
could produce changes that may activate the adrenal 1 an unspecine
way

Corner Dr Gemzell m his beautiful series of experments 15
clanfying very sharply the successive actions and relitre effects of
the varous prtuitary hormones on ovanan function Now %
more can be said about the enteria for ovulation? In the one case it
which pregnaney ensued the timing of the story and Dr_Gemzells
success m predictng the course of 1t would certainly ndreate that
an ovum was shed as a result of the treatment I wonder howeser
whether the appearance of a secretory reaction i the endometruin
13 proof of the actual discharge of a viable and fertiizable oyt
Theoretically the appearance of a secretory endometrum couk
result from alterations m the function of the follicle without rupture
It 15 theoretically quite possible that progesterone may be formed m
the ovary as a result of such a tr Swithout the discharge of
an ovum It may be that the farure to secure pregnancy w certall
cases even after these apparent signs of ovulation had occurred
was due to the lutemmization of an unruptured follicle

Gemzell 1 agree with Prof Corner that it may be very difficult 1o
know whether this change m the endometnum 1s due to ovulation
or due top eventually produced m the large follcles Te
find 1t very dufficult to believe that a small corpus luteum alon®
could produce progesterone equrvalent to 70 mg of pregnanediol per
day In many of these cases where we found no Indications that
ovulation had occurred there were changes 1n the endometriim
which were not usually found in the normal eycle We have spect
lated as to whether these changes i the endometrium were due 10
the hugh production of cestrogens or to other steroid metabolites
We have not regularly used the increase in temperature but1 think
that may be one mdication that ovulation has occurred

Morato Manaro 1 am very mterested in Dr Gemzell s results on
injection of | with human ch gona pin 1 have
done experiments to determine the amount of 17 Letosteroids i the
urme of control gumnea pigs in one series the average amount was
454 ug [day[/unea pig n normal gumea pigs wmjected with 50

ts/day of choriomie dotropmn during 16 days we got an a3 erage

of 929 ug [day/gwnea pig but mn two castrated ammals nject!
with choronic gonadotropin an avera,e of 828 ug /day /guinea pig
was obtamed The adreral gland stimulated by the choronic
gonadotropm might produce 17 ketosteroxds and 1n the normal
gumea pig mjected with chononic gonadotropm the ongm of the
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17 ketosterords mught be the two glands adrenal and ovary Many
years ago we determined the androgemc potency of the urinary
extract by biological test and m the gwnea pig given chononic
gonadotropmn found very large androgemic potency Ve also found
androgenic potency m ovanan cxtracts from injected gunea mgs
using the castrated cock s comb test whereas no androgenic activity
was found 1n ovanan extracts from control animals

Gemzell I have no experience of the use of human gonadotropins
m ammal experiments  but all these women have been treated with
human chonome gonadotropm one or two months before FSH
treatment It has been suggested that 1t 15 possible to produce
ovulation with the luteimizing effect only  In these 40 women there
were only two who responded with an increase in pregnanediol
excretion secretory reaction of the endometrum and ovulation
only one of the, 40 women responded with an elevation of the urinary
17 ketostermds  That was a woman with the Stem Leventhal
syndrome where one would expect the synthests of steroids to be
disturbed

Malinow Dr Cemzell could fibrinogen levels be followed 1n
these patients? We have confirmed <ome of Gillman s early work on
fibrinogen levels in rats and found that female rats have lower
fibrinogen levels than male rats these differences disappear after
castration (Torres H N Mahnow M R and Mirochnil L (1959)
Unpubhshed data Gillman T and Nadoo S S (1958) Endo-
crinology 62 92) Ve also found that fibninogen levels undergo a
cyelie czangc they are lower dunng oestrus and higher duning di
oestrus  Because we are interested m atherosclerosis we wonder
whether that could be another way of protecting women from
coronary occlusion I thunk that Dr Cemzells patients are very
suitable for this investigation and I would be very interested to
know what the results would be

Gem.ell T have no results on this but I agree with Dr Malinow
that this may be very close to the problem to stmulate the ovarnes
and mduce ovulation

Fenming Dr Gemzell have you enalysed the folleular flud in
the cysts of patients with the Sfemn Leventhal syndrome for andro-
genic matenial?

Gem.ell We have not done that vet but we plan to do so

Raben Mave studies sunilar to those which you have done on
patients been done with ammal FSH combined with chorome
gonadotropin?

Gem.ell” Such studes have been carried out especially by Seandt
navian gynaecologsts Rydberg and Oestergaard m Copenhagen
(Rydberg E, and Oestergaard E (1930) Aefa obstet gynee scand
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has shown that therc are some effects although the dose of 150 000
units of human chorionic gonadotropin mn a smgle admmistration
was very lngh  The question may be rassed 1f this Jarge dose by itsell
could produce changes that may ety ate the adrenal i an unspectic
way

Corner Dr Gemzell i lus beautiful senes of experments 1
clanifymg very sharply the successive netions and relatr e effects of
the various prtuitary” hormones on ovaran function Now what
more can be said about the ertena for ovulation? In the one caset
which pregnancy ensued the timing of the story and Dr Gemzels
suecess in predicting the course of 3t would certamly mdreate that
an ovum Wwas shed as a result of the treatment I wonder however
whether the appearance of a secretory reaction mn the endometrm
15 proof of the actual discharge of a viable and fertilizable ovum:
Theoretically the appearance of a seeretory endometrum col
result from alterations in the function of the follicle without rupture
1t 15 theoretically quite possible that progesterone may be formedlll}
the ovary as a result of such a treatment, without the discharge o
an ovum It may be that the faiure to secure pregnancy I certald
cases even after these apparent signs of ovulation had oe
was due to the lutemization of an unruptured follicle

Gem.ell 1 agree with Prof Corner that it may be very diffieult to
know whether this change n the end rum 1s due to ovulation
or due to progesterone eventually produced 1n the large follicles Ve
find 1t very difficult to believe that a small corpus luteum alone
could produce progesterone equry alent to ~0 mg of pregn iedtol per
day In many of these cases where we found no indications thal
ovulation had occurred there were changes m the endometrium
which were not usually found m the normal cycle Vve have spect
Iated as to whether these changes in the endometrium were due 10
the high production of oestrogens or to other steroid metabolites
We have not regularly used the mcrease in temperature but I
that may be one indication that ovulation has occurred

Moraté Yanaroe I am very mterested m Dr Gemzell s results on
mjection of patients with human chorionic gonadotropin I bhave
done experiments to determme the amount of 17 ketosteroids i the
urine of control guinea pigs 1n one series the average amount was
454 pg {day/goines pig m normal gumea pigs mjected with 50
umits/day of chortonic gonadotropmn during 16 days we got an average
of 929 pg /day/gumea pig but in two castrated anmmals mjected
with chononie gonadotropin an average of 828 pg /dayfgunea pig
was obtained The adrenal gland stimulated by the chomome

nadotropmn  rmght produce 17 ketosterords and mn the nnrﬂ;’ﬂl
gumea pig njected with chononte gonadotropin the origm of the
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17 ketosterords might be the two glands adrenal and ovary Many
years ago we determined the androgemic potency of the urmary
extract by biological test and in the gumea pig given choriomc
gonadotropm found very large androgenic potency We also found
androgenic potency in ovanan extracts from mjected gumea pigs
using the castrated cock s comb test whereas no androgenic activity
was found m ovanan extracts from control animals

Gemzell 1 have no expenence of the use of human gonadotropins
1n ammal experiments but alf these women haye been treated with
human chornome gonadotropmn one or two months before FSH
treatment It has been suggested that 1t 1s possible to produce
ovulation with the lutemzing effect only In these 40 women there
were only two who responded with an increase 1n pregnanediol
exeretton secretory reaction of the endometrium and ovulation
only one of the 40 women responded with an elevation of the urinary
17 ketosteroids That was a woman with the Stemn Leventhal
syndrome where one would expect the synthesis of stcroids to be
disturbed

MUalinow Dr Gemzell could fibrinogen levels be followed m
these patients? We have confirmed some of Gillman s early worh on
fibrinogen levels n rats and found that female rats have lower
fibrinogen levels than male rats these differences disappear after
castration (Torres H N Malmow M R and Mirochmk L (1959)
Unpublished data Gillman T and Naidoo S S (1958) Endo
crinology 62 92) Wie also found that fibrmogen level undergo a
cychie change they are lower dunng oestrus and higher during di
oestrus  Because we are interested in atherosclerosis we wonder
Wwhether that could be another way of protecting women from
coronary ocelusion I think that Dr Gemzells patients are very
suitable for this mvestigation and I would be very mterested to
know what the results would be

Gem.ell 1 have no results on this but T agree with Dr Malnow
that this may be very close to the problem to stimulate the ovares
and mduce ovulation

Venning Dr Gemzell have you analysed the follicular flud 10
the cysts of patients with the Stemn Leventhal syndrome for andro
genie material?

Gemeell We have not done that yet but we plan to do so

Raben Have studies sumlar to those which you hasve done on
Patients been done with ammal FSH combined with chorome
gonadotropin?

Gem.cll Such studies have been carried out especially by Scand:
navian gynaecolomsts Rydberg and Oestergaard 1n Copenhagen
(Rydberg E ond Oestergaard E (1930) dcta obstet gynec scand
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19, 222) and Westman and co workers m Stockholm (Claesson L
Hogberg B, Rosenberg T and Westman A (1648) Acda endoer
(Rbh) 1, 1) have done a great deal of research using mawly the
follicle stumulating activity from pregnant mare serum’ followed by
human chorionie gonadotropin It was possible m some cases to
obtam n polycystic enlargement of the ovanes by the ammal pre
paration, but I do not think that 1t was possible to repeat the effect.
As Oestergaard has shown the ammal hormones produce antt
hormones which prevent further effect (Qestergaard E {194°)
Antigonadotropic Substances Copenhagen Munksgaard) Idont
know of any patient in whom ovulation has been produced by such
treatment

Russell Fraser Dr Gemzell have you used your preparations m

pictely hypophy ip or 1n patients m whom you

believe that the pitutary 1s deficient in v arous secretions as well a3
1ts gonadotropie function and did they respond simiarly ?

Gemzell We have done 1t only 1n those few experuments where we
were mterested to see the excretion of hormone  In one young gl
who was a hypopitwtary dwarf we used 2t mamly for testing the
dose  This girl g)md an"aceident during enldhood with resulting
caleification 1n her pitwitary and did not excrete any gonadotropins
Ifer basal metabolic rate and excretion of 17 hetosteroids were v€ry’
low Weobtauned a normal response in this girl n other words
her ovaries responded despite the fact that there had never been any
enstruation

Bottars 1 was surprised both by the small amount of hormone
recor ered 1n the unine after mjection of FSH m hypophy sectomized
patients and by the length of time necessary for the complete urinary
elumnation of FSH Thus I wonder how far urmary gonadotropin
estimations reflect variations m the blood concéntration The
second pomt I would Like to raise 1s whether peahs observed using
24 or 48 hour collections of urme are not merely a general reflection
of the hormone elimination without any relationship m time to what
15 happening at a definite moment in the blood

Gemzell I think that Dr Loramne s and my owi experiences were
very simlar  We followed these patients for seven days and the
unne was collected 1n 48 hour samples The amount of gonadotro
pms was m each case very small It was just enough to show
actiaty

Loratne The Jow yield in  recovery experiments of this type1s
not peculiar to gonadotropins but 1s found with other hormones as
well' For example when oestradiol 178 1s admnistered to male
subjects or to postmenopausal or amenorrhoetc women only 20 per
cent appears 1 the urine as ocestradiol 178 oestrone and oestriol




SOME OBSERVATIONS ON THE CLINICAL
VALUE OF PITUITARY GONADOTROPIN
ASSAYS IN HUMAN URINE

J A LoraiNk

Chmcal Endocrinology Research Unst (Medical Rescareh Cous
University of Edwnburgh and Western General Hospital Edinburgh

TxE estimation of gonadotropins i unme 1s the only satis
factory direct measure of pituitary activity which 1s at present

available 1 chmical mv Such have
already been shown to be helpful in dlﬁ‘erentlatmg between
the various types of gonadal failure (Khnefel

and Albnght 1942 Pedersen Bjergaard and Tonnesen 1951)
m the diagnosis of testicular tumours (Hamburger 1946
1958) and in the management of patients with mammary
carcinoma (Lorame 1958z and b Lorame Strong and Doug
las 1957) The main topies discussed i this paper are firstly
the relationship of gonadotropin estimations to the treat
ment of or 1¢ by
bilateral adrenalectomy and hilateral ocphorectomy and
secondly the excretion of unnary gonadotropins in patients
with semmoma of the testis A short sectton 1s also included
on the relationship between urinary gonadotropin and urinary
oestrogen excretion 1n three subjects dumng the normal
menstrual cycle One of these subjects was artificially m
semmated during the penod of study and the assay findings
10n are d

Urmary gonadotropins were estimated by the method of
Lorame and Brown (1959) Results are expressed in terms of
a standard p d from 1 and post
urine (HMG "OA)‘ and are not corrected for losses mcu.rred

The letters JIMG stand for human menopausal gonadotropin One
IDMG unit is the amount of sctiwity present in 1 mg of HMG-204. The
buologucal charactenstics of HMG bave been deseribed elsentere (Lorairie and
Brown 19,6 Loramne 19585 Borth Linder and Lunenfeld 19 9)
217
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duning the performance of the method In assays conducted
1n patients with mammary carcinoma and seminoma only the
mouse uterus test was used as the end pomt of the bioassay

as noted previously (Lorame, 19585) this method 1s not
specific for either follicle stimulating hormone (FSH) or
mterstitil cell stimulating hormone (ICSH) but measures
what may be conveniently described as the ‘total gonadotro
pic activity  of human urine In some of the studies during
the normal menstrual cycle parallel assays on the same urine
samples were performed by the mouse uterus and hypo
physectormzed rat prostate tests the latter method s
generally belhieved to be speafic for ICSH actiity (Greep
Van Dyke and Chow, 1942 McArthur, 1952, Loraine and
Diczfalusy, 1958)

Estimations of oestradiol 178 oestrone and oestriol dunng
the normal menstrual eycle were conducted by the method of
Brown (1955) For umnary pregnanediol determmations the
techmque of Klopper Michic and Brown (1955) was employed

Urinary gonadotropin assays in relation to the
treatment of recurrent and metastatic mammary
carcinoma by bilateral adrenalectomy and
oophorectomy

Estimations before adrenalectomy and oophorectomy

Gonadotropin assays were performed 1 32 patients prior {0
adrenalectomy and oophorectomy The tume of observatton
before operation was variable and the number of readings 1n
indrvidual subjects ranged from a punimum of 1 to a maximum
of 11 Tollowing the operation patients were classtfied m
terms of their response nto two groups designated respec
tively remission and noremussion details of the method
of clinieal classification have been descnibed elsew here {Strong
1058) It must be emphasized that i all patients bilateral
adrenalectomy and oophorectomy were performed at a
relatively late stage of the disease Previous forms of therapy



GonapoTrorin EstrvuaTions v Huvan UrRmne 219

had ncluded wrradiation of the ovanes and admimistration of
oestrogens and androgens

Results of assays before adrenalectomy and oSphorectomy
are presented 1n summary form in Table I

‘Table I
BEFORE AND
DOPHORECTOMY
Vean ange—
Number  Number  gonadotropm
Group of of excretion 2,2 "‘2{1.611';: oo
patients  obsertations (II;LI?’«;;M;/ [Pl
Remussion 11 41 55 033 13-2%0
Norermssion 21 83 42 ou 8-263

tralyss of sigmificance

r
Remussion v noremssion 156 6°-01

Owing to the relatively wide varation in gonadotropm
excretion m the various groups of patients the significance of
the results shown 1 this and subsequent tables was tested i
the following way as recommended by Gaddum (1945) The
excretion values 1n individual patients were converted into
logarithms The mean and standard deviation of each group
of logarithms were then caleulated  Column 4 grves the gonado
tropin excretion corresponding to the mean of the loganithms
1n each group and 1s thus the geometric mean of the observa
tions Column 5 gives thestandard deviation of the logarithms
The figures 1 column 6 are derived from those m column 5
and mve the range within which 1t 1s expected that 95 per cent
of the results may be expected to be found

It wall be noted (Table I) that although the mean gonado
tropin excretion n the group designated remission  was
higher than that i the group designated no remission  the
cifference between these values fell just short of sigmficance
@P=02—-01)
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Estimations after adrenalectomy and oophorectomy

Gonadotropin assays were performed n 87 patients follow
ing bilateral adrenalectomy and oophorectomy Agam, the
period of obscrvation varied constderably and the number of
readimgs mn indrvidual patients ranged from a mmmum of 1
to a maximum of 22 Where possible, seral determinations
were made at G weekly inters als after the operation At these
times consecutive urine samples were collected over a perod
of 4 days, the urne was extracted m 48 hour pools and one
gonadotropin assay was performed on each pool

The effeet of bilateral adrenalectomy and oophorectomy on
gonadotropm exeretion was shown to be vamable 1n that
after the operation, the excretion values might change little
mught nse markedly or mught fall In patents n whom
adrenalectomy was followed by a remisston of disease the
gonadotropin excretion tended to remam high or to rise
while 1n subjects in whom the disease failed to remut excretion
values remaned low or fell Typical examples of the different
patterns of excretion following bilateral adrenalectomy and
oophorectomy are presented m Figs 1 and 2

A postmenopausal subject MW , aged 68 (Fig 1) was
treated 1n 1953 by simple mastectomy and radiotherapy for &
carcinoma of the right breast In 1955 she was treated for
recurrences on her chest wall first with ethiny1 oestradiol and
later with testosterone phenyl propionate neither form of
therapy produced any striking effect on the progress of the
disease In March 1957 she was subjected to ilateral
adrenalectomy and oophorectomy This form of treatment
resulted m a remission of her disease which lasted for npproxr
mately 18 months

It will be noted that before ~drenalectomy the gonado
tropin excretion was low ranging from 15 to 80 HMG units
per 24 hours Some two months after the operation the read
mgs started to rise and for the next 14 months remamed m
the range 100 to 280 HMG untts per 24 hours The pertod of
Iugh gonadotropn excretion comeided with the period of
remission of disease
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Another postmenopausal subject MR, aged 58 (Fig 2)
was subjected to radiesl ma n 1851 and d
well for the following 5 ycars  In 1956 she beeame breathless
on exertion wnd was found to have extensive mediastmal
glandelar enlirgement and metastatie deposits 1 bath lungs
She was treated consteutively with stilboestrol dipropienate
and cartisone ncetate but after neither form of therapy was
any bencficial effeet noted In December, 1957 hilateral

» o4

ey g]
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QY g e e e e T ST et ey
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¥16 2 The effeet of bilateral adrenalectomy and odphorectomy on unnsty
gonadotropin exeretion in a patient with mammary eafanoms  This patient
fouled to respond to ths form of therapy

adrenslectomy and cophorectomy were performed & rems
s1on did not ensue and the patient died from extenston of her
disease 1 March 1959

It wall be noted that prior to the operation the ganadotropn
excretion was low, being below 206 HMG units per 24 hours
In the 14 months following the operation readmg: showed
Little or no tendency to mse remawang 1n the range 15-30
HMG units per 24 hours

A summ v of the results ohtamned following adrenalectomy
and cophorectomy 15 shown in Table IT It wall be noted that
there was a highly sigmficant difference between the mean

2N
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“Table 11

AFTER AND
OGPHORECTOMY

can Rane—
Number  “umber  gonadotropin o
Group o o nadoiroPin g n  HMG umts]

log 24 hrs
atients observations (HMGumits] ‘%% -
r 24 hre) (P =005
Renussion 14 100 62 0 39 11-355

No remission 23 120 84 035 7-178

Analysis of si,mficance

Remission v noremussion 5 20 <0 001

gonadotropin excretion n the two groups of patients (P <

Comment

Previous work has shown that gonadotropm assays n
Pattents with mammary carcinoma may be useful in assessing
the completeness or otherwise of a hypophysectomy and
predicting the response to therapy with oral stilboestrol
(Blackburn et al 1956 Lorane and Strong 1958 Loramne
Strong and Douglis 1957) The present study has demons
trated that following bilateral adrenalectomy and ouphorect
omy ahigh gonadotropin excretion s usually associated with a
remission of disease while a low excretion generally occurs in
Ppatients who fail to respond to the operation

Prior to adrenal y an pk y ropin
exceretion tended to be higher in patients who showed a sub
sequent remission than in those who failed to respond  How
ever as shown in Table I the difference between the mean
excretion values 1n the two groups of patients was not signufi
cant  This may well have been due to the fact that before
adrenalectomy most of the patients n this series had been
treated 1n ways which may well have mfluenced both therr
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pituttary function as judged by urinary gonadotropin assays
and their subsequent response to adrenalectomy It 1s there
fore possible that had adrenalectomy been performed at an
earlier stage n the evolution of the disease, gonadotropm
assays m urine might have proved of considerable value m
selecting the patients who might have been expected to
benefit from this form of treatment

Urinary gonadotropin assays in seminoma of
the testis

Assays have been performed in mne patients with semmnoms
of the testis following treatment by umlateral orchidectomy
In eight of these subjects serial readings commenced withm
one month of the operation and contmued for periods ranging
from 2 wechs to 5 months The remaining patient presented

WSF (55) SEMINOMA.

oo,
wrumay )
GIIBOTRCANS 2.
HMGaf2 hows
o
B
a
g e g s e g e
"= 4 w o -r

Fia 8 Unnary gonadotropin excretion i a patient with 8 mnoma
of the tests following unilateral orchidectomy

with metastases following removal of a seminoma 11 years
prevmusly, m this mdividual seral observations were con
ducted over A period of approximately 6 weeks and were
the same range as those in the other subjects

The mean gonadotropin excretion i patients with semin
oma was 32 HMG units per 24 hours (Table IIT) This figure
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15 considerably hgher than that in normal males of comparable
age 1n whom the gonadotropm excretion ranges from § to 20
HMG umts per 24 hours Tvpieal examples of the excretion
patterns in indindual subjects are shown m Figs 8 and 4
1t should be noted that treatment by abdominal uradiation
produced no effect on gonadotropm excretion
In attempting to elucidate the cause of the lngh gonade

tropin exceretion 1t was obviously of importance to determne

JHW (35} SEMINOMA

arumay
EONADITRINS e e
PG 24

3

ft pre et e et e ey e e

e 4T T e MR R

Fic 4 Unpary gonadotropn excretion m g patent with
semunotma of the testis follosing unitateral orchidectomy

whether the operatton of umlateral orchidectomy per se

played any part  Accordingly s companson was made be

tween the gonadotropin excretion i patients with serunoma
3

and that 1n a senes of five pat b to unl 1
orchudectomy for reasons other than semnoma  The condi
tions apart from for which unk 1 orchid

was performed mcluded epididymo orchitis  hydrocele an§
haematocele and the results of the comparsson are shown m
Table I It will be noted that the differcnce between the
mean values in the semmoma and so ealled  control® groups

was hughly significant (P < 0 001) and # can therefore be
FTVLY FITCTTARY—8
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Table 111
COMPARISON OF URINARY GONADCOTROPIN LXCRETION IN SCMINOMA WITE TEAT

IN PATIENTS TO UNILATERAL FOR REASONS OTEER
THAN SEMINOMA

ean .
Mumber  Number  gonadotropin H}&ag‘fnm !
24 hrg

0 y ezcrelion / Tog 24 hre
patients  obserrations (M MG umits) . =0 95]
24 hrs ) ® 9)
Seminoma 9 63 82 022 1°-8
Unilateral
orchidectomy 5 18 12 014 1-°3

Analysis of significance P
Sepunoma v Unulateral orchidectomy 6 97 <0 001

concluded that the operation of unilateral orchidectomy per
se was not responsible for the increased pituitary activity m
patients with semnoma

Comment

The results reported in this paper are in general agree
ment with those of Hamburger and his colleagues (Ham
burger and Godtfredsen 1941 Hamburger 1946 1958) who
also showed that the gonadotropin excretion m patients
with seminoma of the testis 1s higher than that m normal
male subjects Unfortunately Hamburgers resulis were
expressed in  mouse uterine umts rather than in terms of &
standard preparation and for this reason are of hmuted
quantitative sigmficance

The evidence at present ayailable indicates that the antertor
pitwitary and not the tumour tissue itself or its metastases 15
responsible for the elaboration of the gonadotropms (Ham
burger 1946) The cause of the increased piturtary activity
1n eases of seminoma 1s not yet known and the problemremaimns
one for future elueidation
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Retationship between nrinary gonadotropin and
unnary ceestrogen excretion during the
normal menstrual cyele

The gonndotropin excretion during the normal menstrual
cycle has been studied by pumerous myvestigators meluding
Smth and South {21936) Khnefelter Albright and Griswold
(2943} Pedersen Biergoard and Tonnesen (1948) Borth
Lunenfeld and de Watteville (1957) and Brown Klopper and
Lorane (1958) It has been generally found that the outputas
fow 1 the follicular and luteal phases of the cycle and that o
peak of excretion occurs at mydes cle comarding approximately
with the tyme of ovulation However Main and co worhers
{1943) bave reported that m a proportion of patients a second
gonadotropin penh may oceur just before the onset of menstru
ation while Heller and co workers (1944) found the pattern of
gonadotropin excretion to be very vanable from one subject
0 another

It 1s probable that the lack of umformmty m the results
reparted by earher mivestigators depends to some extent at
Teast on the vasatisfactory nature of the assay methods used
and on the absence of senal estimatsons in indnadual patients
Recently Brown Ihlepper and Lorame (1958) using more
rehable methods have studied the exeretion of cestragens,
pregranediol and gonadotropins throughout nine ovulatory
menstrual cycles and it s probable that the results obtained
by these warbers are more meaningful from the quanttative
pamt of view than amv previously reported

A typtesl example of the enerchion patterns obtaned 1
shown i Fig 5 In thus subject pasallel assays for gonado
tropins were performed on the same unne samples using the
mouse uterus and hypophysectomized rat prostate tests At
all stages of the ¢y cle the results obtamed by the tvno methods
agreed very closely

By pesf o prallel d 1ons of urinary oestrogens
and gonadotroping w the same patients Brown Klopper and
Lorane (1058} were able to investigate the relationship
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Gonadotropin assays
[0} results by mouse uterus test.
(1) ——— results by mouse uterus test in which
the reading is actually less than the value

shown
) results by hypophysectomuzed rat pros
tate test

The vertical Line indicates the day of the mideycle
peak of excretion of oestrone and oestradiol 178
wesmw = menstrual period

between the gonadotropin and oestrogen peahs which oceur
at approximately mideycle and which are presumably assoct
ated wath ovulation They noted that these two peaks did not
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Gonadotroprn assays
(1) results by mouse uterus test

1) ———— results by mouse uterus test 1 which
the reading is actually less than  the value

shown
) results by hypophysectomzed rat pros
tate test
The vertical Ime mdicates the day of the midcycle
peak of excretion of oestrone and oestradiol 178
mrmr = menstrual pertod

between the gonadotropin and oestrogen peaks which occur
at approximately midcycle and which are presumably assoct
ated with ovulation They noted that these two peahs did not



Govapotrorin Estovarions i~ Huvwany Urnne 231
DM __AGE A

MORNING TEMPERATURE.

f— o INSEMINATED
| ‘J—(
10 e [

v

v

HMG unty/thes

g 134hen cine.
- s e .

s 3

QESTRIOL
o
H -
fo oEsTRONE
3
Bod
: QESTRADIOL

TYsTy dlhhv:n:!ﬁna

or BEHEARRERENO

Fia 7 Hormone excretion dunng a normal menstrual cycle and follow

ing & successful arbificial semunation (From Brown klopper and

Loraine 1958 Reproduced by permission of the Editors J Frndocr )
Notation 2s m Fig 6

they contain two gonadotropins which are always present in
the same relative proportions
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bear a constant relationslip m time In some subjects the
peaks occurred simultaneously, in others the gonadotropm
Ppeak follow ed the oestrogen peak by periods ranging from 1 to
4 days but 1n none did the gonadotropin peah precede the
oestrogen peah The fact that the gonadotropmn peak can
oceur at some time after the oestrogen peak 1s well illustrated
by the findings 1n Fig 6 where the two peaks were separated
by a period of 4 days

Findings subsequent to artificial insemination

These are llustrated in Fig 7 This subject was artifically
mseminated on the day of the eycle on which the peaks of
excretion of ocestrone and oestradiol 17 were expected to
orcur Previous mseminations performed at the time of the
nise m basal temperature had faled On tlus ocecaston the
msemination was successful the patient became pregnant an
the pregnancy proceeded uneventfully to term The first
ndication of conception was the sharp rse in gonadotropin
excretion nine days after msemination Jt 15 probable that
this mise was due to the presence m unne of human ehoriome
gonadotropin (HCG) rather than of pituitary gonadotropins
The merease n gonadotropm output was followed by a marked
TiSe 1n cestrogen excretion and by mamntenance of the high
Inteal phase levels of urinary pregnanediol

Comment

Buchholz (1957) and Brown Klopper and Loraine (1958)
have shown that when gonadotropins were assayed m the
same urine samples by the mouse uterus and hy pophysectom
1zed Tat prostate tests the ratio of potenctes of the two
methods approximated to umty at all stages of the menstrual
cycle It might have been anticipated that varymg propor
tions of urinary FSH to urinary ICSH at different stages of
the cycle would have been reflected 1n differences 1n this
potency ratio The fact that the ratio remams relatively con
stant throughout the cycle suggests either that the extracts
contain o single gonadotropin with two activities or that
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DISCUSSION

de lo Balze If the peak of oestrogens occurs before the peal. of
g‘lmagn;tmpms does this mean that the pituitary 1s not the master
glan

Lorawne Some further mformation on pitwitary ovarian relation
ship dunng the menstrual cycle may be obtamed by assaymg
gonsdotropns 10 blood as well as wrne My colleague Br Aposto
lakis has recently developed a method for the quantifative determm
ation of piturtary gonadotropins 1 blood and we have applied this
technique mn & very small number of normally menstruating women
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Summary

In patients with recurrent and metastatic mammery
carcinoma. treated by hilateral adrenalectomy and oaphorect
omy, the mean gonadotropin excretion before the operation
did not differ sigmficantly between the group who subse
quently showed a remission of disease and the group who
farled to respond to this form of therapy Possible reasons for
this finding are discussed

Following adrenalectomy and oophorectomy the mean
gonadotropin excretion m the group designated “‘remssion”
was significantly higher than that m the group designated

‘no remission™

The gonadotropin output i patients with semnoma of the
testis was sigmficantly higher than that in a group of patients
of comparable age subjected to unilateral orchidectomy for
reasons other than seminoma

In normslly menstruating women the midcycle pesh n
urmary gonadotropin exeretion oceurred erther simultaneously
with or some time after the midey cle oestrogen peak When
gonadotropin assays were performed by the mouse uterus and
hy pophysectomized rat prostate tests the results obtamed
agreed very closely at all stages of the cycle
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DISCUSSION

de la Balze If the pesk of oestrogens occurs before the peah of

gﬂl:addr?;tropms does this mean that the piturtary 1s not the master
n

. hllorame Some further mtormation on pitwtary ovaran relation
p

durmg the menstrual cycle may be obtamed by assaymg
gonadatropins 1n blood as well as urine My colleague Dr_Aposto
Iakis has recently dey eloped a method for the quantitative determun
ation of pitwtary gonadotropms n blood and we bave applied this
technuque 10 a very small number of normally menstruating women
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(Apostolalis M (1960) J Lndocr m press) Ina proportion of
subjects we were able to demonstrate gonadotropic activity at
approximately midey cle but 1n no case was activity detected in the
follicular or luteal phase of the cycle

To postulate ‘ovaman autonomy dunng the cycles certamlya

mg hypott At the 1 should empt that it
15 only a hvpothests

Lz "What hormone 1s responstble for the uterme growth measured
by the mouse uterus test? As you have indicated the ventral pro
state test 1n the hypophy sectomized rat gves results very sumilar to
those obtamed by the uterine test in the mouse We have found
mdications that both FSH and ICSH are responsible for uterme
growth whereas the ventral prostate does not scem to be mfluenced
by the presence of FSH and thus the ventral prostate effect appears
to be s very specific index for ICSH (Lostroh A J and i C H
(1956) Rev argent Lndocr 2 213 Randolph P W Lostroh A J
Grattarola R Squire P C andLi € H (1859) Endocrinology 65
433)
Lorane 1 should be unhappy about designating a test ‘spenific
for one or other of the gonadotropins without the use of hypophy
sectomized ammals  The smularity betwe en results obtamed by the
mouse uterus and hypophysectormzed rat prostate tests might be
explained by the fact that the two tests measure the same hormone
It could also mean that one 1s measuning two substances which are
always present in the same relatrve proportions We usually term
the materal determined by the mouse uterus test as _total gonado
tropic activity  this 1s a convenent term but 1t tends to mash our
1gnorance!

Venmng Sc peaks of dotropin excretion are ob

served during the Iuteal phase Do you think thus can be attubuted
to variations m cl of the h or to an d produc
tion?
Loraine So far we have not seen peaks of gonadotropin excretion
after the fifteenth day of the cycle I do not know whether the
gonadotropm peak 13 1n any way related to the renal clearance ot the
hormone

Vennng 1 noticed also that vou used pooled samples of urine
do you know how long the peak of excretion of gonadotropins lasts?

Lorane The peah of excretion can last as long as eight days
certam subjects In most mdividuals the duration 1s much shorter
and m some no peak occurs It seems that young nulliparous m
dividuals have less tendency to show a gonadotropm peak at md

cycle than older parous women
Luft Dr Lorame do you think that the general condition of
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patients was of any sigmificance for the excretion of gonadotropns?
What T mean 15 this some patients mainly those who responded
well to the ablative procedures—and therefore showed an improve
ment m therr general conditton—also showed an merease 1 urmary
gonadotropmns while those who did niot respond to the treatment did
not merease the excretion of the same gonadotropms

Loraine I think that the general condition of the patient may be
very important We have generally found that i moribund sub
jects the gonadotropin excretion 15 very low It 1s possible that the
huigh gonadotropin les els m patients responding well toadrenal
are merelv a reflection of their satisfactory general condition

Sonenberg Several years ago Segaloff and co workers reported
that prolactin acts synergistically with ICSH in the hypophysecto
mized ventral prostate test (Segaloff A Steelman S L and Flores
A (1956) Endocrinology 59 233) Have you any experience with
that or with the mouse uterus test?

Lormne Dr Diczfalusy and I have investigated this problem
(Drczfalusy E and Lorame J A (1950) J chin Endocr 15 424)
‘We were unable to show that prolactin had any synergistic effect on
the mouse uterus test Tat uterus test and hypophysectomized rat
prostate test We concluded that the hypo;ﬁu} sectoruzed rat
Pprostate test was a reasonably speaific method for the estimation of
urmary ICSH activity

Lz "With reference to the synergistic problem n the Spragus
Dawley stran of rats prolactin 1s synergistic to ICSH using the
Ventral prostate weight test of y oung hypophysectomized amumals—
1 mean 21 day old ammals In older ammals the synergistic effect
1s not very evident In the Long Evans stram we cannot find any
synergism of prolactin  On the other hand growth hormone 1s
extremely good synermstic matenial with ICSH for ventral prostate
of hypophysectornized young rats and young mce

Loraine’ The amounts of grow th hormone present :n human urme
are probably very small indeed and 1t may not be tmportant in this
particular reaction as regards urine

Gem~ell Dr Lorame what do you thmk about the use of the HMG
standard in the Steelman Pohley test for pitmtary FSH? We have
found quite a good parallehsm when testing the partially purified
Ppreparations but when we come to the purer preparations the slopes
differ considerably Do you think 1t would be better to use 1n animal
preparation of FSH mstead of HMG?

Lorame Tt mught well be better to use an amumal FSH rather than
HMG Ve and others have found that with urme extracts 1t1s ery
important to prepare the urine n the same way as the standard  For
example one cannot assay urme extracts prepared by the tanmic
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acid method 1n terms of a standard such as HMG 20A prepared by
the kaoln acetone method

de Ulhoa Cintra Have you pared the aleohol precip
method with the kaclin method?

Loraine We have not used the alcohol precipitation method
because we find the extracts too bulky and too towe  If one attempts
to punfy such extracts e g by dialys:s, a considerable loss of gonado
tropic activity oceurs

de Ulhoa Cintra What about standard: —by the diol
standard mnjection?

Loraine This 1s certamly a possibility but it could only be apphed
to a very imited number of assay methods In addition the valdity
tests for such an assay might not be satisfactory

Venning Recently Umberger and Gass reported that the pH of
the extract affected the biol 1 activity of ct gonadotrop
(Umberger, L J and Gass G H (1959) Science 129 1738) Have
vou observed this effect with FSH?

Loraine No Our experience with admimstered FSH has been
very little We feel however that for extraction of gonadotropins
from urine by the kaolin acetone method control of pH 1s very
mportant

Walhelm: Dr Stanley Fllis 1n our laboratory has been assaying
FSH and became quite excited by the report of Umberger and Gass
(1959 loc cit) He has repeated thus observation using the Steelman
Pohley test at pH 4 pH 7 and pH 9 Nerther the humen chomonic
gonadotropin base nor the FSH response was different at any one of
these pHs  The only difference 1n these obsery ations was that in the
report in Science the solutions were all buffered and he merely
adjusted the pH without buffering so 1if there 1s an effect 1t may be
attributed to the buffer which 1s used Would you agree Prof La?

Lr Yes I agree with you

Gemzell The pure preparation of FSH 15 very unstable we have
found that m & solution at pH 7 the activity dropped to about 10 per
cent after 7-10 days

Ls In our expenence it i1s quite stable

Gem-ell All our preparations have been stable except the last
one which was only 0 5 per cent of the starting material

Z: Dr Lorame would you comment on the so called FSH ICSH
complex with HMG Do you believe that HIMG 1s a dual or a separate
hormone?

Lorame Allwe can say 1s that with the kaoln acetone method of
extraction results obtamed by the mouse uterus and hypophy
sectomuzed rat prostate testsagree It s possible that by this method
We are preparing one substance with two activittes I do not know
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whether such a conclusion would be justified with other extraction
methods such as those depending on benzore acid adsorption or
tanme acid precipitation

Read Dr Lorame would you care to speculate on why gonado-
tropms should go up after adrenalectomy?

oraine The cause of the differmg excretion patterns followmg
adrenalectomy 1s at present obscure and further work 1s necessary
before any conclusion can be drawn One possible explanation
mght be that the high gonadotropn excretion in the group of
patients designated remussion 1s a relatively non spectfic effect
1mn a with an mpi t an the general condt

tion of the patient It 1s also possible that m patients who fail to
respond to Y the body to produce an as yet
unknown substance possibly an oestrogen which has an adverse
effect on the course of the disease and also acts as a pitwtary
mhibitor In patients who respond favourably to adrenalectomy on
the other hand the production of this hvpothetical substance might
bed d poranly abolished and for ths reason the gonado
tropin excretion would tend to mse and would remam high d
the period of remussion of disease It 1s concetvable that by ad
mumstering gonadotropins to patients showng a low excretion
followmg adrenal some therap benefit might ensue

Pearson Concerning Dr Lorames remark about the possible
beneficral effects of gonadotropins we have studed the gonadotropn
excretory levels mm a group of mammary cancer patients prior to
hypophysectorny We found as he did that they do not vary
between patients who respond and those who do not respond of
course after hvpophysectomy they mmvarably disappear The
results of hypoph m the of breast cancer are as
good as and perhaps better than those of adrenalectomy and
obphorectomy  so that this observation secems to vindicate the
gonadotropin aspect

Loraine 1 agree with that
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acid method n terms of a standard such as HMG 20A prepared by
the kaolin acetone method

de Ulhoa Cintra Have you pared the alcohol precip
method with the kaohn method?

Lorawne We have not used the aleohol precipitation method
because we find the extracts too bulky and too towe If one attempts
to punify such extracts, e g by dialysis a considerable Joss of gonado-
tropic activity occurs

de Ulhoa Cintra What about standardization—by the oestradil
standard injection?

Lormne This 1s certamly a possibihity but 1t could only be apphed
to o very imited number of assay methods In addition the valdity
tests for such an assay mght not be satisfactory

F enmng Recently Umberger and Gass reported that the pH of
the extract affected the biological activity of chorionte gonadotropmn
(Umberger E J and Gass G H (1959) Science 129 1788) Have
you observed thus effect with TSH?

Loraine No Our experience with admmstered FSH has been
very little We feel, however that for extraction of gonadotropins
from urne by the kaoln acetone method control of pH 1s very
unportant

Wilkelm: Dr Stanley Elbis 1n our lahoratory has been assaying
FSH and became quite excited by the report of Umberger and Gass
(1959 loc cut) He has repeated this obsers ation using the Steelman
Pohley test at pH 4 pH 7 and pH ¢ Neither the human chorionic
gonadotropin base nor the FSH response was different at any one of
these pHs _The only drfference 1n these observations was that mn the
report mn Science the solutions were all buffered and he merely
adjusted the pH without buffering so if there 1s an effect 1t may be
atiributed to the buffer which 1s used Would you agree Prof Li?

Lt Yes I agree with you

Gemzell The pure preparation of FSH 1s very unstable we have
found that in a solution at pH 7 the activaty dropped to about 10 per
cent after 7-10 days

Lz In our expenence 1t 1s quite stable

Gemzell All our preparations have been stable except the last
one which was only 0 5 per cent of the starting material

It Dr Lorame would you comment on the so called FSH ICSH
complex with BMG Do you believe that HMG 1s a dual ora separate
hormone?

Loraine All we can say s that with the kaoln acetone method of
extraction results obtained by the mouse uterus and hypophy.
sectomuzed rat prostate tests agree It1s possible that by this method
We are preparng one substance with two activities I do not know




A Metrop oF DerErynmG ICSH m Urve 239

the Leydig cells because when the hormone 1s mjected mto
castrated ammals no reaction can be obtamed in the semmal
vesicles and prostate Therefore extracts to be assayed for
ICSH must not contamn androgens or oestrogens which act
directly on these end organs

McArthur m 1952 using the haolin method of Bradbury,
Brown and Brown (1949) detected the presence of ICSH1n the
urme of normal women using hypophysectomized immature
male rats as the test ammals The rats were injected twice
daily during a 4 day period and on the fifth day the weight
of the prostate and semunal vesicles was determined Since
1953 we have been making use of a test developed by us
{Morat6 Manaro, 1953) for the determination of ICSH
urine ‘This method depends upon the merease in the number
of mitoses within the semmnal vesicles of the immature rat
following mjection of ICSH and treatment with colchicme In
our opmion this test possesses some practical advantages
over the former method while retaining its speaifiaty In
usmg normal immature rats we assume that therr testes are
1 a resting conditton 1e that they are oot secreting andro
gens If the testes or the adrenal cortex are m fact secreting
androgenic hormones the rate must be exceedingly low smce
1n the majonty of control ammals 1t 15 exceptional to find
more than 4-5 mitoses per field 1n tissue sections examined at
a magmfication of 500 x

Method and material

Urnine extraction 1s carried out by the method of Bradbury
Brown and Brown (1949) with the addition of a final pun
fication step ‘The final extract as obtaned by the Bradbury
method 1s not completely water soluble and may give nse to
considerable local reaction with oedema Injection of a 24
hour equivalent of urine occastonally results in death of the
ammals and 1 dummshed sensttivity - Aliquots equivalent to
12 hours of urine when mjected without purification fre~
quently give mise to o negative reaction while after punfica
tion other aliquots of the same extract give nse to umformly
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Since Zondel s (1935) proneer work, a great deal of effort
has been devoted to studies concerning the excretion of
gonadotropic hormones m the urine of non pregnant women
Gonadotropic hormones have been shown to be present under
many physiological and pathological conditions and much
has been learned about the sigmficance of the quantitatne
vaniations observed (see Moraté Manaro 1940a) It has been
shown that the prtuntary secretes two different gonadotropic
hormones the follicle stimulating hormone (FSH) which
male test amimals acts on the semimferous tubules and the
mterstitial cell stimulating hormone (ICSH) which acts ont the
Leydig cells (Fraenkel Conrat ef al 1941)

The presence of ICSH 1n the urine has proved difficult to
d rate and fl. g results have been obtamed
(Tyndale 1939 Evans and Gorbman, 1942 Varney, Kenyon
and Koch 1942, Seegar Jones and Bucher 1943) However
the development of the kaolin adsorption method has made
1t possible to prepare urine extracts with high gonadotroptc
activity and of low toxicity to the experimental animals
According to present knowledge ICSH stimulates the Leydig
cells of the testis to secrete stexoids (androgens and perhaps
oestrogens) which, in turn act on the semunal vesicles and the
prostate to produce hypertrophy and cellular hyperplasia by
mutotic division The ICSH presumably acts directly upon

238
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500 diameters The reaction 1s considered positive when there
, are at least twice as many colchicine arrested mitoses in the
| serminal vesteles of the test animals (average of 10 fields) as are
found 1n control rats of the same hiter injected only with
colchicine  From the mjection of the extract until the micro
scopic examination the mimmal time clapsed 1s 54 hours
In border line cases an additional assay 1s performed

Advantages and disadvantages of the method

The use of hypophysectomuzed rats 1s advantageous from
a scientific point of view However 1t 1s impractical in many
countries where such ammals cannot routmely be obtamed
With the seminal vesicle colchicine method = high degree of
correspond has been ol d between the results of the
test and the chimical diagnosis This suggests that there s
little thehhood of interference from the ammals own pitm
tary Our method 1s practical mexpensive easy to carry out
and rapid, requiring only 54 hours to obtam 2 result It s
objectrve since various observers obtaimn very similar results,
and the shdes may be kept for later examination Its sensi
tivity 15 comparable to that obtained by C H La with purified
pitwitary YCSH i hypophysectomized rats A mmor dis
advantage 1s the necessity of hilling the rats at mght How
ever we have not been able to devise an mjection schedule
which 15 more convenient and at the same time retams max
mal sensitivity

A method of determuination of ICSH in unine could probably
be easily based on our mvestigations (Moraté Manaro il
and Mussio Fourmer 1954) and those of Taymor McArthur
and Ingersoll (1953) on the effect of ICSH upon the * P uptake
1n the rat prostate and seminal vesicles Such s test should be
more satisfactory than the one reported 1 the present paper
and whle bemg equally spectfic 1t should eliminate the dis
advantage of killing the rats at mght The histological pro
cedure and the time consuming microscopic observation could
be eliminated in this way and the whole test could be carried
out 1n & mmimum of 32 hours
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posttive reactions Moreover, after purification, the extractis
completely soluble in the volume of water used for mjection
and the test ammals appear to react 1n a manner similar to
those treated with preparations of ICSH and human chortonie
gonadotropin (IICG)

The final purification 15 accomplished by twice extracting
the precipitate obtamed by the Bradbury method with 2 ml
of distilled water The material s centrifuged at 3 000 g after
each extraction and the supernatants are combmed Ihe
gonadotropic hormones are preciprtated m a centnfuge tube
with 10 volumes of acetone the pH being adjusted to 5 §1f
necessary The tube 1s left 1n the refrigerator for 24 hours and
after centrifugation at 8 000 g the acetone 1s discarded The
precipitate, which contams the punfied ICSH and FSH 15
dried in a vacuum desiccator and remains stable for ot least a
month

Male htter mate rats 21-23 days old and weighing 85-
42 g arcused as test ammals The urne extract 1s dissolved
m distilled water in a volume which permits the injection of
equivalents of 4 6 8 or 12 hours of urine 1 approxmately
0 5ml For convemence we prefer to inject the test matenal
between 8 and 9 am Twenty seven hours later each rat 15
mjected with a freshly prepared solution of colchicine (Merch)
m distilled water containing 1-1 5 ug colchicine per g body
weight 1n a volume of approximately 0 5 ml When mjected
In the correct dose the colchicine has the property of arresting
mitosis m metaphase Nine hours after the njection of col
chicme the animals are hilled and the seminal veseles ex
cised and fixed i Bown solution overmght The standard
techniques for dehydration and paraffin embeddmng are fol
lowed but the time ordmanly employed for each step 15
shortened so as to have the blocks ready approvimately 4
hours later The sections 5 p m thickness are stamned with
1ron haematoxylin and mounted 1n balsym

We try to select fields where there 15 the greatest number
of mitoses The colchicine arrested mitoses of at least ten of
these fields are counted at 2 magnification of approvamately
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Table I

EFrFEcTs oF PURE ICSH Axp HMG 20A OV THE NUMBER OF MITOSES IV
THE SEMINAL VESICLES OF COLCUICINE TREATED IMMATURE RATS

ICsH
Miloses test{control
Mo of Amount treroe Per cent
anumals wngected per field Tange positice
mg
28 01 10 12 0 82-46 2. 89 2
4 008 403 223745 100
3 0 075 10 40 8 5718 16 100
3 60, 2 30 06i-4 .8 33 8
) 0 — — —
HMG 20 4
1n
21 05 90 032455 "6 2
18 075 19 55 2 647 41 100
12 1 26 26 12 .0-40 80 100
12 [ — — —
Table 11
UriNary oF ICSH 18y

Peaction of
IUSH (eith

Do of equatalent in
cases Age Duanostic hours of urine)
° 21-28 Normal women
ovulatory phase Pos 6-8hrs
postmenstrual phase  Neg 12 hrs
premenstrual phase Neg 12 hrs
10 17-54 Normal men 6 Pos 10-12 hrs
4 Pos 9hrs
8 7-9 Normal children

Detore puberty 3 H Neg 24 hrs
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Results

(1) We have carried out more than 85 determmations with
an ICSH preparation from sheep pituttary hindly supphed by
Prof C H L+ The mimimum dose that produces a positiie
reaction 1s similar to that admimstered by Prof Ia to hypo
physectomized rats 1e about 0 08 mg We have carried
out more than 45 determinations using the International
Standard Choriomic Gonadotropin (HMG 20A) showing that
an amount equal to 0 5 I U produces 1 positive reaction

(2) In normal regularly menstruating women we have
found a peak of ICSH elimmation at about the thiteenth
day (from 14 to 10 days) before the next menstruation Our
test alvays gave a positive reaction m the ovulatory phase
with an amount of extract equivalent to 6 or 8 hours of urme
The duration of the menstrual cycle in the women studied
varied between 24 and 83 days In the premenstrual and post
menstrual phases the test gav e negative results with an extract
equivalent to 12 hours of urme In normal men the test was
positrve with an extract equivalent to 9-12 hours of urme In
prepubertal boys and girls the results were negative with an
extract equrvalent to 24 hours of urine In a normal 8 yew
old girl in whom four determinations were made one posiive
result was obtmmned with an extract equivalent to 24 hours of
urine The foregomg results are summarized m Tables Tand IT

() Some pathological eases are presented 1n Table III

(a) Cushing s syndrome with amenorzhoea a 51 year old
patient with this syndrome due to adrenal hyperplasia
(Morato Manaro Hill and Mussio Fourner 1954) experienced
the menopause 2 years later and two patients had adrenal
tumours

(b) Two patients with the Stemn Ieventhal syndrome
(Cervifio et al 1958) after wedge resection of the ovames
both menstruated and ehminated pregnanediol

(¢) Eaght cases of gonadal dysgenesis five corroborated by
laparotomoy the ehmination of ICSH was consistently high
m seven cases 1n only one did the prtuitary fail to show an
1mncrease m functional actrvity (Moraté Manaro 1960)
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Table HI—cont

Unmvary or ICSH ‘
Mare
Reaction of
ICSI* (wath
Mo of equualent 1
cases Age Dua,nostic hours of urine)
() 28 12-84 (1) 12 cases 8 Pos 14 hrs
hypogonadsmwithlow  Neg 12 hrs
JCSH excretion 1Pos 20 hrs
6 biopsied 5Neg 12 hrs
1Neg 14 hrs
1Neg 16 hrs
1 Neg w hrs

12-41 ()11 cases
hypogonadism with lStronglypus 10 hrs
normal or high ICSH 4 Pos
xorction 5 boped 4 snongly pos 12hrs

@ s 18-35 Klinefelter syndrome 4 8FPos 9hms

bropsied 1Pos 12hrs
1Pos 16 hrs
* 1 17 Traumatism of testes Bi Pos 12 hrs

opsy showed atrophy and
fibrosis mn one testis

() 2 60and63 Male chimactenic with ep 1Pos 7hrs

1Pos 8hrs
{m 1 68 Castrated 7 months before Pos 2hry
test
™1 55 Posthypophy sectomy Strongly pos 24 hrs
CHILDREN (MALE AND FEMALE)
o) 11 8-10  Chidren with advanced 1Pos 16 hrs
puberty 1 male 10 fe 10 Pos 24 hrs

male

Bom fthe positiv 7 i 8 might b obtained wlth an extract equlvnlmt to a lower

mbe  fhours furlne, butihi was otinvestig t 4 In th reases n g tive Tesults wer

obtalned when amotnts n( Quival nts fn h ‘ur ) below the postifver - ction amounts ldicated
Inth table w rea sayed

(d) Three cases of secondary amenorrhoea, one postpartum
for the past 7 years

{¢) Eleven patients with three different types of hursutism
two cases 1 addition to lursutism had primary amenorrhoea
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Table 1L

URrINARY EXCRETION 0F ICSH IN PATHOLOGICAL CONDITIONS

Femare
Reaction of
ICSH* (wath
No of equivalent 1n
cases Age Duagnostic hours of urine)
Cushing 8 syndrome
(@) 3 2151 (1) adrenal hyperplasia Pos 4hrs
Neg 12 hrs

(u) adrenal tumours

) 2 20 and 24 Stem Leventhal syndrome Pog 12 hrs

after wedge resection Pos 9hrs
the ovulatory phase
© 8 1482  Gonadal dysgenesis with 2Pos B8hrs
pnimary amenorrhoes 3Pos Hhrs
2Pos 12hrs
1 Pos 16 hrs
@ 38 20-87  Secondary amenorrhoea 1 Pos 12 hrs
1Pos 14 hrs
1 Neg 12 hrs
() 11 14end15 (1) 2 cases 1Pos Ohrs
hursutism with pnm 1 Pos 12 hrs
ary amenorrhoea
9 hrs

17-28 (u) 4 cases 1 Pos
hirsutsmwithsecond 1 Pos 12 hrs
ary amenorthoea 1
with adrenal hyper  1Neg 16hrs
plasia

1Pos 7his

19-86 () 5 cases
ursutism 1o normally 1Pos 8 hrs
menstruating women 2 Pos 9 hrs

(determnations 9-14 I Pos 14hrs
days before menstrua

tion)
w1 29 Hydat:diform mole Pos 0 012 hrs
@ 1 19 Pseudohermaphrodite Pos 7 hrs
) 1 29 Adrenogenrtal syndrome Pos 10 brs
adrenal adenoma

f the posltive oactions might be obtained with sn e tract equivalent to g lower
sumber 6 hours of irize ot tneatigatad 1n ofher asch Heg Tive sesuits  were
obtain d when amounts (equml 15 10 Hours) ‘oelow tho D6 Jtiva Tenction " mounts Indicat
in the table were nssayed
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Discussion and comments

TLike all biological tests the one described here can be better
apprased when the number of amimals used 15 larger In
prachice however the number of smmals used must be
restricted for obvious reasons

In previous studies we have found that from a threshold
to a maximal fevel of stimulation the number of colehuemne
arrested mitoses 1n the epithehum of the semmnal vesicles
produced by androgens 1s related to the androgeme potency
of the preparations used (Moraté Manaro 19405) Tabie T
shows that the number of mutoses 1s also proportional to the
quantity of ICSH or HCG admmustered Thus one can
roughly estimate the strength of an extract of urine even with
2 smaller number of determmations thereby making possible
the use of this test for essentially practical purposes

The question anses whether other hormones of pitwitary
ongin might give nse to a positive reaction 1 the semmnal
vesicles  We have studied this problem and the positive
reactions that we have obtamed following the injection of
large quantities of prolactin (2 5 mg) thyrotropic hormone
(ISH) (2 IU) and adrenocorticotropie hormone (ACTH)
(12-20 T U ) are 1n all hikelihood due to 1on with
small amounts of ICSH {Moraté Maniro 1960)

Although the number of normal men and women studied
1s not large 1t would appear that the level of ICSH excretion
n men 1s lugher than that 1n women except at mdeycle The
finding of a peal. level of ICSH excretion on about the thir
teenth day before menstruation 15 m agreement with the
findings of VeArthur (1952) Most of the 48 deterrunations
were made during the ovulatory phise urmnary pregnanediol
estimation (Moraté Manaro and Spremolla 1955) being used
as a control Of the pathological conditions studied ecastra
tion was associated with the ghest level of ICSH excretion

Summary
A smmplified techmque for determining the interstitiyl
cell stmulating hormone (ICSH) content of human unne 1s
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m the second type the hirsutism appeared simultancously or
following secondary amenorrhoea (four cases), the remamning
five cases were regularly menstruating women (Morato
Manaro 1960)

{f} In one ease of hydatidiform mole the test was carred
out 8 days after evacuation

(g) One pseudohermaphrodite, with male chromosomal se¥,
elimmated 19mg of pregnanediol and 19mg of 17 hetosteroids
punfied with Girard s Reagent T On operation he was found
to have two testes (Moraté Manaro 1960)

(k) One patient with adrenogemtal syndrome due to an
adrenal adenoma she had perods of amenorrhoea and
elminated 457 mg of 17 hetosteraids (punfied with Girard s
reagent T) (Moraté Manaro, 1960)

(2) Twenty three males with hypogonadism 12 presented 2
low elimmation of ICSH 1n six of these cases bropsy showed
immmature testes, no spermatozoa and very shght develop
ment of interstitial cells and one case presented a high FSH
and very low ICSH excretion The remammg eleven had a
normal or high ICSH elimination 1n the urine m three of
these biopsy showed dufferent lestons 1mmature testes sclero
sis Sertolt cells only and large quantities of Leydig cells
(Morato Manaro 1960)

(7) Five patients with Klnefelter s syndrome all corrobor
ated by biopsy except one which presented female chromo
somal sex

{%) One case with trauma of testes (8 years before testing)
bropsy showed atrophy and fibrosis in one testis

() Two patients with male chmacteric and epista<is
{Morato Manaro et al 1956)

(m) One castrated male test carried out 7 months after
castration (Morato Manaro et al 1956)

(n) One case of pitmtary tumour test carried ont 2 months
after hypophy sectomy

(0) Eleven children with advanced puberty of dufferent
aetiologies (Morato Manaro et al 1958 Navarro € al

1957)
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Varvey R F Kenvon A T and hocr F C (1942) J chn
Endocr 2 137

ZonpEx R (1935) Las Hormonas del Ovano y del Lébulo Anterior
de la Hip6fis Madnd Labor

DISCUSSION

Loraine Dr Morato Manaro have you made any parallel deter
munations nsmg this method of colchicine mitosis with the ventral
prostate test in hypophysectomzed anmmals? This might be helpful
m the determnation of specificit;

Moraté Manaro We have not done that because m our country
1t 1s very difficult to get hypophysectomized anmmals

Wilhelmi Prof Young has very Lundly allovwed me to make a
statement about a programme which 1s' m bemng m the Umted
States m which many of you may be nterested and about which
many of you may not have heard Since 1956 the Endocrinology
Study Section of the National Institutes of Health has had a pro
gramme i being for the preparation and distribution of highly
punfied anterior pitwitary hormones except for ACTH to mnterested
nvestigators both n the United States and abroad We have now
distributed constderable amounts of purified bovine growth hormone
and of prolactin_ In the course of the past two years at Emory
Umversity Dr Elbs and I have been operating a small pilot plant
for the preparation of further amounts of the other hormones We
have at the moment lable for on & purified p
of sheep prolactin and s purified preparation of sheep FSH The
prolactin 1s avmlable n 25 mg vials as a stenle preparation and
the FSH 1s ayailable i two forms one a small 5 mg vial which we
have labelled as a standard which 1s appropmate for use n an assay
and g larger vial of 25 mg which 15 useful for experimental work
From October 1959 on we shall have also available for distribution a
small amount of sheep ICSH—lutemzing hormone (LH)—and slso
2 new lot of bovine growth hormone which have been made at
Emory Unmwversity These preparations have been made according to
rather ngid standards of punification with special regard to elmmat
ng contaminants so that the pnmary activity as stated 1s the major
activity of the preparation and there are nearly neghgible contamin
ations with other activities Those who are interested m obtammg
matenal of this hind are invited to wnte to Dr R T Hill Secretary,
Endocrinology Study Section National Institutes of Health
Bethesda 14 Md USA and we would be happy to entertam
requests Letters should contam a brief description of the work
which 15 intended and an estmmate 1f 1t 15 possible to mahe one of the
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described The method makes use of the merease in the num
ber of mitoses within the seminal vesicles of the immature rat
which follows treatment with ICSH or human chononic
gonadotropin (HCG) end colchicine  Prelimmary values
obtained m normal adults and children of both sexes and m
patients with various pathological conditions are presented
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ADRENOCORTICOTROPIC HORMONE AND
MELANOCYTE-STIMULATING HORMONE
FROM HUMAN PITUITARY GLANDS

Tex H LEE AaroN B LERNER AND
Vina BUETTNER JANUSCH

Section of Dermatolo,y Department of edicine
3 ale Unieersity School of Medicine New Haven Connecticut

THE physiological mmportance of adrenocorticotropie hor
mone (ACTH) has stimulated research imterests for many
years However, attempts to 1solate this hormene and un
ravel 1ts chemical structure were not undertaken until the
mtroduction of such modern research techmques as ultra
centrifi electropl chromat: ph counter
current distribution efe Bell (1954) reported the 1solation and
complete structure of B corticotropm from poremne piturtary
glands La and co workers elucidated the structure of ovine
and bovine corticotropm (L1 et ¢l 1955 L1 Dixon and Chung
1958) It 1s interesting to note that all the corticotropins are
made up of 39 ammo acids and that a difference occurs only
1 the region between amino acid residues 2o and 83 These
facts are consistent with the findings of Bell and co workers
(1956) that the first 24 or 25 amno acid residues are essential
for full biologreal activity

The 1solation of melanocyte stimulating hormones (MSH)
from pituitary glands of domestic animals was reported during
the past five years Lee and Lerner (1556) showed that two
substances possessing melanocyte sttmulating hormone activ
ity were present mn poreine prtuitary glands They proposed
that these substances be called « and 8 MSH The 1solation
of « MSH had been reported earher by Lerner and Lee (1905)
and that of B MSH by Porath and co workers (1955) and by

21
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amount of hormone that might be required At the moment because
our supply of I'SH 15 small we are limuting the amount given to 2
single individual at a smgle time—3ou may ask for it agam—to
250 mg but when the growth hormone becomes available there will
be no practical imit up to 10 g 1n the amount that may be ashed for
For the LH we shall probably place a Limit of 100 mg ~ We would be
very hnppy to recenve requests from any of you So far m the time
that the programme has been m bemng since November 1956 we
have distnibuted material to nearly 850 ms estigators m 19 different
countries and we would hike to extend this programme if possible
to make these benefits more widely avatlable for those of you who
are sertously mterested in working with the endocrine principles of
the antertor pituitary
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was purified further on a CM cellulose column which had been
equlibrated previously with 0 005 3 ammomum acetate
solution at pH 5 9 The chromatographe column was
developed by step wise elution with0 05 pH S5 8and 0 25
¥, pH 6 9 ammonium acetate solutions Two active frac
tions were resolved as shown m Fig 2 Fraction A which
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Fic 1 A crude MSH and ACTH concentrate from human pitwtary
glands was chromatographed on a DEAE cellulose column _Gradient
elution with 0 1 11 and 0 2 M ammonwum acetate buffers at pH 5 5 was
used and the effluent was collected 1 3 ml fractions Arrows indicate
the place at which a buffer was added

constituted 1-2 per cent of the original crude concentrate
possessed only MSH actiity It gave four major pepnde
fragments on chy motryptic d at an enzy ate
ratio of 1 100 for 3 hours at 30° and pH 8 3 Three of the
frapments behaved sumilarly to those produced from porcine
B MSH during 10nophoresis 1 pynidine acetate buffer at pH
6 5 while the fourth one showed a much lower mobihity
tmward the nnode Dnmn (1960) succeeded in 1solating a
h from human pitwitary

yte
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Geschwind and L1 (1957) Harns and Roos (1956) and Gesch
wind, L1 and Barnafi (1957a) independently found an identical
structure for poreine § MSH Subsequently the 1solation and
elucidation of the structure of bovine § MSH were achieved by
Geschwind, Lz and Barnafi (19575) The structure of porcine
o MSH was reported by Harrs and Lerner (1957) and Harns
(1959a) « MSH also wasisolated from bovine pitwrtary glands
Both kinds of p MSH were found 1n ovine materal Bovine
and porcine B MSH differ at position 2 where a sery] residue
replaces a glutamyl residue However, « MSH from both
species 1s 1dentical

Investigators wanted to find out whether or not humen
beings 1n whom these hormones are found effective also secrete
the same hormones The present communication 1s concerned
with punfication and characterization of MSH and ACTH
from human pitwitary glands The prebminary steps of the
fractionation procedure used were essentially those of Payne
Raben and Astwood (1950) 1n which the active materrals were
extracted by glacial acetic actd and precipitated by addition
of two volumes of petroleum ether The active precipitates
were purified further by the oxycellulose adsorption method
proposed by Astwood and co workers (1051) The resulting
fraction was used as the starting material for 1on exchange
column chromatography Diethylaminoethy! (DEAE) cellu
lose and carboxymethyl (CM) cellulose, prepared according
to the procedure of Peterson and Sober (1956) were used as the
10n exchangers The crude concentrate was adsorbed on 2
DEAE cellulose column which previously was equilibrated
with 0 005 3 ammonium acetate solution at pH 6 9 Re
moval of the adsorbed materials was achreved by gradient
elutton to pH 5 5and ¢ 2 ma acetate nira
tion Since 1t 1s well established that ACTH possesses minnsic
MSH actinity, the wn mitro frog skin bioassay for MSH des
cnbed by Smzume Lerner and Fitzpatrick (1954) could be
used to locate both the MSH and ACTH fractions By means
of & DEAE cellulose column two active fracttons I and I
were obtaned as shown in Fig 1 The major fraction, Ir
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phan was found in the intact hormone by the method of
Lerner and Barnum (1946) Therefore human corticotropin
appeared to have an ammno acid composition 1dentical with
that of ovine and bovine corticotropin but different from that
of poreine B corticotropin 1n that one leucyl residue was re
placed by a seryl group Fraction B was judged homogeneous
by the fact that nearly integral molar ratios were obtamed
upon ammno acid analysis  Its homogeneity was confirmed
further by finding that upon tryptic digestion the number of
peptide fragments contaming try ptopban histidine methion
me, tyrosine and arginine was consistent with the amino acid
composition and the known specifierty of the enzyme

+ =
2 0o 9 9 oo
Tt L 3 T6% T
™R TYR TRY ARG ARG ARG
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Fio 3 A tryptic digest of human ACTII was subjected to 1onophoresis

Luned curcles indicates spots of igh intensity following staning with unhydno

Teagent Amuno acids grven under the spots are those revealed by specific
colour reagents

Paper strip modification of the Edman method carred out
on the intact hormone showed the N terminal sequence to be
Ser Tyr Ser Met Glu A 24 hour carboxypeptidase digestion
of the mntact hormone as well as of the C termmal peptide
solated from tryptic digestion gave almost equimolar
amounts of phenylalamine glutamie acid and leucine  How
ever digestion at various durations indicated that the C
termmal sequence probably was Leu Glu Phe Tryptic
digestion at an enzy me/substrate ratio of 1 100 pH8 3 3 5
hours at 87 split the intact hormone mnto four major and
three minor fragments They were separated by 1onophoresis
in pyndine acetate buffer at pH 6 5 as shownin Fig 8 All
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matenal using Zeo Karb 225, 2 per cent cross hnhed 200-100
mesh as 1on exchanger Harris (19595) elucidated 1ts structure
and found several additional amino acid residues 1 1ts N
terminal sequence besides all those present in porcine p MSH
It 1s postulated that fraction A 15 one of the human MSH’s
and 15 1dentical with that 1solated by Dixon Because of the
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Fic 2 Fraction II prepared from the DEAE cellulose column was chroma

tographed on a CM cellulose column _The latter was developed with 0 05

M and 0 2> a ammonrum acetate buffers at pH 5 8and 6 § respectivel)

The cffluent was collected 1 3 ml fractions Arrows mdicate the place at
which a buffer was added.

lack of sufficient material additional attempts to establish the
exact structure of fractton A could not be undertahen at
present

Fraction B which constituted 10-30 per cent of the
crude concentrate possessed both ACTH and intrnsic
MSH actisities  An acid hydrolysate of this fraction analy sed
by the technique of Moore, Spachman and Stemn (1958) gave
the following ammo acid composition  AlagArg,Asp,Gl;Glys
His,LeuyLys,Met,PhesPro,SeryTyr Val; One mole of trypto
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corticotropin - When a tryptic digest of human corticotropin
was compared with one of porcine corticotropm A (White and
Land 1955) by pl a very mteresting similarity
was observed in the clectrophoretic patterns All basic and
zeutral peptides, T, T3 T, Ts T, and T, (a mixture) from
buman corticotropin had the same mobilitv as their porcine
counterparts The only acidic peptide T, showed a shghtly
Iigher mobility toward the anode This observation seems
consistent with the view that peptides T, Ty I, Ty and T of
buman ACTH might be 1dentical with those derived from
other species while Ty, which has the sume C terminal sequence

Table I
AMINOG ACID COMPOSITION OF PEPTIDE FRAGMENTS
FROM TRYPTIC DIGESTION OF nuMaN ACTH
Peptrde 1mano acrds

T*  (Asp,Ser,Glu,Pro,Cly,Ala,Val Tyr,Phe,) Leut Glut Phet
T, {Ser,Tyr,Met,Glu, I, Phe, Arg,)
T (Try,Gly,Lys,Proval,)
To (Lys,Arg,Pro,\al,)
Ty (Arg,Pro,Val,Lys,)
T (Lys,Arg,)

{Arg;Pro,Val,Lys;)

Determined by Moo ¢, Spackm © and Stefn (1958) column
1 Amino acid released by carboxypeptidase

Leu Glu Phe as the ntact hormone may possess some dif
ference i amio amid sequence If this were true then peptide
T, whichhasa single histidine and methionime residue would
oceupy the N terminal sequence 1-8 peptide Ty which has a
single tryptophan residue would be at positions 8-15 peptides
Ty Ty and T, would fill various lengths of positions 16-21 and
peptide T, which has the same C termimal sequence as the
intact hormone would occupy the sequence 22-39 (Fig 5)
Whether or not this 1s mere speculation can only be deter
mined by further work which 1s in progress 1 this laboratory
As yet we have not exammned carefully several minor
fractions g mel yie 1 h actvity
HOXLN FITTTHRT 0
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these bands except one, which turned out to be & complex
mixture were eluted and the peptides punfied bv paper
chromatography using either the system n butanol acetic
acid water (4 1 5) or # butanol acetic acyd pyndine water
(86 G 24 20] A reproduction of the paper chromato
grams 1s shown in g 4 Each peptide was hydrolysed with
glass distilled 5 7 n hydrochloric acid 1n sealed, evacuated

ThL BT T | T4 % Ts
o
£ 0
= 5°00| %[0 o
e 0 3 P00, |,
= 0@ § 2= 0 s
1 © 4 £ ®
«©

i 00 2 0
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Ti6 4 Peptide fragments from a tryptic digest of human ACTIH were sub-
jected to paper chromatography Lined circles mdicate the spots of high
intensity following stamming with ranhydrin reagent

tubes at 105° for 20-24 hours The constituent amino aads
were 1dentified ather by paper chromatography or by the
Moore, Spackman and Sten (1958) column  Table X shows the
amno acid composition of the peptides 1solated from tryptic
digestion

The ammo acid sequences of porcmme hovine and ovine
corticotropins vary only 1n the region between amino acids
25 npnd 83 By analogy one may speculate that spmlar dif
ferences rught exist 1n this portion of the structure of human
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to determine whether any o« MISH Iike substance 1s present in
human pituttary glands However there 1s ample evidence to
mdrcate that no sizeable quantity of an o MSH hke substance
could be 1solated from the matertal available to us In view
of the fact that the glands collected at autopsies were usually
m very poor condition and were stored 1n acctone for scveral
months 1t would not be surprising if large portions of x MSH
were lost prior to fractionation

Experimental

Materials Human pitwitary glands collected at autopsies
were stored 1n acetone and made 1nto a powder by grinding in
a Waring blendor and washmg with more cold acetone The
powder was dried i vacuo and stored at —10° A crude con
centrate of human ACTH was also made available to us
through the courtesy of Dr M S Raben of the New England
Medical Center Boston Mass A highly purified preparation
of carboxypeptidase wis donated by Dr W F Whte of
Armour and Compny Chicago I Crystalline trypsin and
chymotrypsin were purchased from Mann Research Lbora
tories New York NY

Method of MSH assay The 1 vitro broassay method of
Shizume Lerner and Fitzpatrich (1954) using 1solated skin
of frogs (Rana piprens) was modified to suit our purpose  Six
teen preces of skun from a group of four frogs were arranged 1n
a Latin square Tio of the four rows of the Latin square were
used to assay two unknown solutions while the other two
TOWs were used to construct a dose response curve at two
dosage levels using standard hormone solutions The un
known solutions were diluted so that their responses were
within the range of the dose response curve The changes in
skin colour after addition of MSH were measured by a photo
electric reflection meter

DEAE cellulose chromatography Preparation of the
cellulose and paching of the column followed the procedure of
Peterson and Sober (1956) All chromatographic columns
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peaks i this case Therefore, step wise introduction of
ammomum acetate buffers of increasing molanty was em
ployed Two well sep d active p ts were eluted
by successive introduction of 0 65 » and 0 25 M ammonium
acetate buffers at pH 5 8 and pH 6 9, respectively The
operation of the column was stopped after 160 fractions of
effiuent had been collected The latter were measured for
optical density at 2750 & wavelength Aliquots of selected
fractions were assayed for MSH actiity (Fig 2) The active
fractions 41-50 and 122-185 were combined separately and
lyophiized An aliquot of each Ivophilized sample was
1mjected intravenously mto hypophysectomized male rats and
assayed for ACTH activity by the USP ascorbic aad
depletion test

N and C termunal sequence studies The N termunal
sequence of the intact hormone was determined by following
the paper strip modification of the Edman phenylthiohy
dantoin (PTH) method described by I raenkel Conrat (1955)
Altogether five successive steps of the degradation procedure
gave clearcut results The extracted PTH dernvatives of
N terminal sequence amuno acids were measured quantita
tively over the range of 2 400-3 000 1 with a Cary model 14
spectrophotometer The yield of PTH amino acid at each
step was about €0 per cent The PTH denvatives were ident:
fied by submitting an aliquot to paper chromatography using
an n heptane pyridine system (7 3) with known PTH amino
acids as reference The PTH compounds exeept for the
serine derivative were hydrolysed with 5 7 N hydrochlorie
acd 1n sealed evacuated tubes at 150° for 20 hours To con
firm the 1dentity of the PTH dernvatives the regenerated
amino acids were 1dentified by paper ct graphy For
C terminal sequence studies the carboxypeptidase method
desenibed by Hams (1955) was followed About 2 mg of the
ACTH preparation dissolved i 2 ml of 0 1 per cent NaHCO,
was incubated with carboxypeptidase (0 05 mg 1n 0 1 per
cent NaHCOj solution at pH 8 0-8 5) that had been treated
previously witha 50 mole excess of dusopropylfluorophosphate
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were run at 5° Three grams of DEAE cellulose were used
for a columnn of 11 X 180 mm The column was equilibrated
by prolonged washing with approximately 1,000 ml of 0 00a
M ammonum acetate solution at pH 6 9 About 50 mg of &
crude MSH and ACTH concentrate was extracted twice with
3 ml portions of the buffer and the clear supernatant solu
tions were applied to the column The column was developed
with 0 005 M ammontum acetate buffer at pH 6 9 mtroduced
through a 250 ml mixing flask which was filled with the same
solution and stured by a magnetic stirrer  Sufficient hydro
static head was applied to the column to mamntain a flow rate
of 12-15 m! per hour Effluent from the column was col
lected mn 3 ml fractions The unretarded material emerged
as a single peak during the first 20 fractions Thereafter, the
gradient elution was started by mtroducing 0 1 3 ammomum
acetate buffer at pH 5 5 mto the miung flask A small
amount of mactive matenal emerged dunng the next 50
fractions of effluent Buffer solution of 0 2 31 ammonum
acetate at pH 5 5 was then introduced to raise the concen
tion gradient The mayor portion of materials with MSH and
ACTH activities emerged as overlapping peaks with this
gradient The operation of the column was termmated after a
total of 120 fractions had been collected The samples were
measured mdividually for optical density at 2 750 A wave
length Ahquots of selected fractions were assayed for MSH
activity after swtable dilution (Fig 1) Fractions 2-10 and
fractions 85-95 were bined separately and lyophilized
CM-cellulose chr raphy Three grams of dry
CM cellulose were packed mnto a column of 11 x 180 mm The
column was equilibrated with 0 005 3 ammonium acetate
buffer at pH 5 9 The matenal to be fractionated was ex
tracted twice with 3 ml portions of the starting buffer, and
the resultant clear supernatant solutions were spplied to the
column The column was washed with more of the same buffer
to displace the unretarded matenal The efffuent of the
column was collected in 3 m} frictions It became evident
from pilot runs that gradient elution did not give sharper
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peaks mn this case Thercefore, step wise mtroduction of
ammonium acetate buffers of mncreasing molanty was em
ployed Two well sep d active 7 were eluted
by successive mtroduction of © 05 3 and ¢ 25 3 ammopum
acetate buffers at pH 5 8 and pH 6 9 respectively The
operation of the column was stopped after 160 fractions of
effiuent had been collected The latter were measured for
optrcal density at 2 750 & wavelength Aliquots of selected
fractions were assayed for MSH activity (Fig 2) The active
fractions 41-50 and 122-185 were combmed separately and
lyophihized An aliquot of each Ivophilized sample was
mjected miravenously mto hypophysectomized male rats and
assayed for ACTH actiaity by the USP ascorbic acd
depletion test

N and C terminal sequence studies The N ternmnal
sequence of the intact hormone was determumed by following
the paper strip modification of the Edman phenylthiohy
dantom (PTH) method described by Fraenkel Conrat (1955)
Altogether five successive steps of the degradation procedure
gave clearcut results The extracted PTH derivatives of
N terminal sequence ammno acids were measured quantita
tively over the range of 2 400-3 000 A with 2 Cary model 14
spectrophotometer The yield of PTH ammo acid at each
step was about 60 per cent The PTH derivatives were ident1
fied by submitting an aliquot to paper chromatography using
an n heptane pyridine system (7 3) with known PTH ammo
acuds as reference The PTH compounds except for the
serine derivative were hydrolysed with 5 7 ~ hydrochlore
acd m sealed evacuated tubes at 150° for 20 hours To con
firm the wdentity of the PTH derivatives the regenerated
amino aeids were identified by paper chromatography For
C terminal sequence studies the carboxypeptidase method
described by Harns (1955) was folloned About 2 mg of the
ACTH preparation dissolved 1 2 ml of 0 1 per cent NaHCO,
was meubated with carboxypeptidase (0 0o mg n O 1 per

cent NaHCO, solution at pH 8 0-8 5) that had been treated
Previously withs 50 mol ofd pylft hosphate

P 3
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At intervals of 0 5, 4 8 and 24 hours 0 5 ml of the reaction
mixture was withdrawn and the enzymie reaction was
terminated by addition of about 50 mg of Amberlite IR 120
(H* form, 20~50 mesh, 8 per cent cross linkmg) The amino
acids released by carbovypeptidase were eluted from the resin
by 5 N ammomum hydroxide and 1dentified by unidimenstonal
paper chromatography in either the system # butanol acetic
neid water (4 1 5)orm cresol phenol (1 1) on Whatman No
52 paper buffered by ¢ 1 3 borate at pH 7 3 as described by
I evy and Chung (1958)

Tryptic digestion An enzyme/substrate ratio of 1 100
was used for hydrolysis The reaction was carried out i a
10 ml beaker equipped with a pur of glass and calomel
electrodes, a microburette and a magnetic stirring bar  The
temperature of the beaher was mamtamed at 37° with a
water bath  Seven milligrams of the ACTH preparation were
dissolved 1n about 2 ml of water and the pH of the solution
was adjusted to 8 2 with 0 005 N sodum hydroxide After
addition of 0 070 mg trypsin the pH of the solution started
to drop The pH ws brought back to 8 2 and mamtamed at
that value during the course of digestion (3 5 hours) by
manual addition of 0 005 N sedium hydroxide Approxi
mately 3 2 moles of sodrum hydroude were consumed per
mole of the hormone The enzymic reaction was termmated
by lowening the pH to 2 5-3 0 with 1-2 drops of 0 1 x hydro
chloric acid and the reaction mixture was dried over potas
sum hydrovide pellets m a vacuum desiccator An aliquot of
the digest was submutted to 10nophoresis in pyridine acetate
buffer at pH 6 5 and 1t a voltage of 25 % /em 1 an apparatus
described by Michl (1951) The peptide frigments were
located on the 1onogram by means of mnhydrn reagent
Those containing argimine histidme, tryptophan and tyrosine
were 1dentified by specific colour reagents (Block Durrum and
Zweig 1958) The remamnder of the digest was submitted to
sonophoresis on Whatman No 3 MM paper with 1 mg digest
per cm of paper width and under the optimal condittons
found by & pilot run  The bands were located by means of
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gwde strips cut lengthwise from both edges of the 1onogram
and were eluted separately by 5 per cent acetic acid  The
eluates were dried over potassium hydroxide tn tacuo The
peptide fragments were punfied further by paper ehromato
graphy Usually erther the system n butancl acetic acid water
(4 1 5)ora butanol aceticacid pynidine water (80 6 24 20)
was used The main bands from each paper chromatogram
were eluted and dried separately in the usual manner

Chymotryptic digestion An enzyme/substrate ratio of
1 100 was used for the digestion which was carried out 1n the
same manner as those with trypsm except that 0 5 mg of an
MSH preparation was used The resultant peptide fragments
were not 1solated

Quantitative amino acid analysis Hydrolysis of the
mtact hormone or the 1solated peptide fragments was carried
out m a sealed evacuated tube with glass double distilled
constant boihng hydrochlonc acid at 105° for 2024 hours The
hydrolysate was transferred to a small beaker and taken to
dryness over potasstum hydroxide pellets and phosphorus
pentoxide in tacuo  The dned residue was wetted down once
and taken to dryness agamn m the same manner The ammo
acid composition of the hydrolysate was determined quant:
tatively by the Moore Spackman and Stem (1958) technique

Summary

The 1solation of adrenocorticotropie hormone (ACTH) and a
melanocyte stimulating hormone (MSH) from human pitw
tary plands 1s desenbed  ¥luman corticotropm has the same
amno acid composition as the bovine and ovine hormones
but 1t differs from poreine corticotropin n having one leucvl
residue replaced by a seryl residue  Its N termunal sequence
Ser Tyr Ser Met Glu and C termnal sequence Leu Glu Phe
are identical with those of corticotropin from sheep eattle and
hogs Preliminary structural studies indicate that the amino
acid sequence of human carticotropin s identseal with that of
corticotropin from other species except 1n the region between
amino acid residues 22-8¢
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Nofe added in proof The srrangement of the peptide fragments as
shown in Fig 5 was confirmed by these additional findings = dipeptide
ArgTry was 1solated from a chiymotryptic digest of the mtact hormone
and Lys was found to be the € terminus of peptide fragment T,
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A MELANOCYTE-STIMULATING HORMONE
FROM THE HUMAN PITUITARY GLAND

Iruan Hagrris*
Department of Buwchemstry Unuersity of Cambridge

MELANOCYTE STIMULATING substances from pig and ox
prturtary glands have been 1solated 1n pure form and character
1zed 1n terms of thewr chemucal structures B Melanocyte
stimulating hormone (8 MSH) from both species has been
shown to be a poly peptide consisting of 18 amino acid restdues
seven of which oceur in the same sequence as was previously
shown to occur 1n the adrenocorticotropic hormone (ACTH)
molecule o Melanocyte stimulating hormone (« MSH) on
the other hand was found to be the N acetyl dervative of 2
tridecapeptide amide m which the sequence of ammo acids
1s 1dentical with the N terminal tndecapeptide sequence 1n
corticotropin  The hiological relationships which exist betw een
MSH s and corticotropins are thus reflected 1 terms of thesr
respecty e chemical structures (for review, see Harns 19592
and &)

Extracts of human pitwitarv glands have long been known
to possess melanocyte stimulating activity when assayed 1n
frogs and very recently Dr H B F Dixon at Cambridge has
succeeded 1 1solating a chromatographically pure melanocyte
stimulating substance from the human gland This matenal
generously donated by Dr Dixon has been submitted to
chemical analysis and experiments which have led to the
elueidation of 1ts complete chemical structure are now des
cribed 1t should be stated at the outset that the methods
which have been used were to a very large extent 1mposed by
the limited amount (4-5 mg) of the hormone which was
avatlable for study

* Member of the Scientific Staff of the Medical Research Counail
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The structure of human MSH (Harris 19595)

The hormone was found to be a polypeptide cont uning 18
different ammno aeids namely alammne arginme aspartic
acd, glutymie acid glycine hstidine Iysme, methomne,
phenylalamne proline serine tyrosine and tryptophan The
presence of three aromatic amino acids suggested that the
molecule could be broken down mnto peptide fragments of
convenient size by means of chymotrypsin A sample of the
hormone was allowed to react with the enzvme and as pre
dicted 1t was hydrolysed m a specific manner to give four
major peptide fragments which could be separated by sono
phoresis on paper (Fig 15) a fifth relatively mmor component

c, Cq C, Cy Cs

(b}

Sy < C, €y C4

Fig 1 Products of chymotryptic hvdrolysis of pig 8 MsH
(a) snd human g M5H (b)) Tonophoresis in pyridine acetic
scd pHE 4 40 V/em 2hrs

(peptide €, Fig 1b) was later shown to be an ntermediate
product The ammo acid compositions and C termmal groups
of these five peptides are histed i Table I

Table I
AMINO ALID (OMPOSITION AND C TERMINAL AMINO ACIDS OF PEPTIDES

PRODUCED BY CHYMOTRYPTIC [IYDROLYSIS OF HLMAN f MELANOCYTE
STIMUL. TING HORMONE

Peptide 1mno acid composition C terminal group
c Ala Asp Clu Gly Lys Pro Tyr Tyr
<, Arg Asp Gy Lys Pro Ser Try Asp
c Arg Glu Xl Met Phe Phe
[ Asp Gly Lys Pro Ser Asp
c

Arg Try Try
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FROM THE HUMAN PITUITARY GLAND

Ievan Hagrris*
Depariment of Biochemstry Uniersily of Cambridge

MELANOCYTE STIMULATING substances from pig and ox
prtuitary glands hay e been 1solated in pure form and character
1zed 1n terms of therr chemucal structures B Melanocyte
stimulating hormone (8 MSH) from both spectes has been
shown to be a polypeptide consisting of 18 amino acid residues
seven of which occur 1n the same sequence as was previously
shown to occur 1n the adrenocorticotropic hormone (ACTH)
molecule  « Melanocyte stimulatmg hormone {« MSH) on
the other hand was found to be the NV acetyl dervatne of a
tridecapeptide amide 1 which the sequence of amno acids
1s wdentical with the N terrmnal tridecapeptide sequence 1n
corticotropin  The biologieal relationships which exist between
MSH s and corticotropins are thus reflected m terms of therr
respective chemical structures (for review see Harns 1959
and &)

Extracts of human piturtary glands have long been hnown
to possess melanocyte shmulating activity when assayed m
frogs and very recently Dr H B F Dixon at Cambnidge has
succeeded 1n1solating a chromatographieally pure melanocyte
stimulating substance from the human gland This matenal,
generously donated by Dr Dixon has been submitted to
chemical analysis and expermments which have led to the
elucidation of its complete chemucal structure are now des
cribed It should be stated at the outset that the methods
which have been used were to a very large extent imposed by
the Iimited amount (4~5 mg ) of the hormone which was

available for study
+ Member of the Scientific Staff of the Medieal Research Counail
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Table I1

AMINO ACID COMPOSITION AND C-TERMINAL AMING ACIDS OF PEPTIDES
PRODUCED BY TRYPFTIC HYDROLYSIS OF FEPTIDF €

Peptade Amno ead composition C termanal group
C, TA Asp Glu Gly [ys Pro Tyr Tyr

T8, Ala Glu Lys Lys

TA, Asp Glu Gly Pro Tyr Tyr

TB, Lys -

Inaddition one of the minor components (TA,) appeared to be
dentical with the N termunal peptide Asp Glu Gly Pro Tyr
(peptide C, Tag 1a) denved from pig p MSH

Peptide C, gave additional amounts of s and Cg when tt was
separately redigested with chymotrypsin, showing that it was
a product of partial hydrolysis and that Cg and Cg occupied

t n the molecule and since both €, and (5

contaned C termnal aspartic acid 1t was clear that these
peptides formed the C terminal sequence Arg Try (Gly,Ser,
Pro Lys) Asp in human p MSH

In order to plete the seq analysis peptides TA,,
TB, C,and C; were selected for further study Thev were sub
mtted to partial hydrolysis using concentrated hydrochlorie
acid and the bactenal enzy me subtilisin the results are sum
marized m Table 111

Table IIT
PEPTIDES IDENTITIED 1N PARTIAL ACID® (12 N HYDROCELORIC ACID
87 ) AND SUDBTILISINT HYDROLYSATES
Peptide Products of partial hydrotyns
*C,TB, Ala Glu Clu Lys
CTA, Lys Asp Lys Asp Glu Glu Gly Gly Pro Tyr

°C, Ser Pro Ser Pro Pro Ser Pro Pro Lys Pro Pro Lys
ProLys Lys Asp
1c, Arg Net Arg Met Giu Gla His Glu Hus Ehe

1t was not found possible to undertake quantitative amino
acid and end group analyses on the parent molecule neverthe
less the results (summanzed i Tables X-IIT) obtained with
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Tt was immedintely apparent that the melanocy te stimulat
ing substance from the human gland was of the § MSI type
and that 1t was structurally rclated to pig § MSH Thus
peptides Co C,, Cg and C, could not be distingwished from the
corresponding pephde fragments derived from mg B MSH
(Fig 1a) as judged by electrophoretic and chromatographic
behaviour, amimo acid composition (with the exception of (s
which contamns arginime instead of lvsine) and C termumal
group analysis Peptide C; on the other hand, difers from the
cotresponding peptide from pig 8 MSH both 1n electrophoretic

Glu “Neatral  His Lys

L

+ -

TA, TA, 8, B,

Fio 2 lroducts of trypuc hydrolysis of puptule ¢ Tono
phoresis 1 pyndine acetic acd pH § 4 40 vjem 90 mun

and chromatographic behaviour and 1n amino acid compost
tion although aspartic aeid glutamicaeid glyemne and proline,
as well as the C terminal amino acid tyrosine are common to
both peptides

The presence of lysine suggested that C; would be suscept
1ble to the action of trypsin It was therefore reacted with the
enzvme and the products of reaction were separated by rono
pharesis on paper as shown in Fig 2 therr amino acd com
positions and C terminal groups were determined and the
results are surmmanzed mn Table IL

The two major products of reaction, TA, and TB, were both
found to contamn lysme, and the fact that free lysme (TB)
was also released by the enzvime suggested that C; contamed &
Ivs Lys bond and that 1t formed the N termnal sequence
(Als,Glu) Lys Lys {Asp Glu,Glv,Pro) Tvr i human p MSH
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related positions in polypeptidesisolated from different species
and mvolving the replacement of one ammo acid by another
which 1s chemcally related to 1t have been encountered pre

viously ameng for example vasopressins hypertensins n

sulns and corticotropins the occurrence of the addrtional
tetrapeptide m human MSH however represents an unpre

cedented struetural species vanation among naturally oceur

rng brologieally active polypeptide and protein molecules of
relatively low molecular weight For example all known
msulins (Harms Sanger and Naughton 1956) and cortico

tropins mcluding human corticotropin (see Lee Lerner and
Buettner Janusch this colloqmum p 251 cf Lt 19028) con

tain 51 and 39 ammo acids respectively growth hormones
from different species on the other hand appear to show
considerable vamations mn molecular size (L1 1958)

Pig and ox 8 MSH s duffer only 1n posttion 2 (Fig 8) and
this case a glutamic acid residue 1n the pig hormone s replaced
by the chemeally unrelated ammno acid serine m the ox hor
mone It 15 perhaps that a repl t of this
type has occurred 1n a part of the molecule which does not
“ppear to be essentral for biological activity A simlar situa
tion exists among corticotropmns where structural changes of
this type are confined to the C terminal segment (positions
25-89) of the molecule which 1s known not to be essential for
bological activity On the other hand the N termunal
sequence of 24 ammno acids which forms the smallest known
active fragment 1s identical mn all corticotropins so far
studied

It seems likely therefore that genetical alterations which
cause structural changes mnvolving the replacement of an
ammno acid by another which 1s chemically unrelated to it mn
essential parts of a molecule would result 1n the formation of

lecules of altered biol 1 speaficity Thus n the case
of haemoglobins for example the replacement of a glutamie
acid residue 1n pormal haemoglobin by a valine residue leads
to the formation of the abnormal sickle cell haemoglobin
{Ingram 1957)
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peptide fragments dersved from 1t by hydrolvsis with chymo
trypsin and trypsin appear to show quite conclustvely that
human melanoeyte stimulating hormone 15 of the g MSH
type, and that 1t 15 a polypeptide contamimng twenty two
amuno acids which oceur in the following sequence

1 2 8 4 5 6 7 8 9 1011 12
H-Ala Glu Lys Lys Asp Glu Gly Pro Tyr Arg Met Glu

18 14 15 16 17 18 19 20 21 22
His Phe Arg Try Gly Ser Pro Pro Lys Asp-OH

Relationships between chemcal structure and bio
logical activity

The amino acid sequences of human, pig and ox p MSH s
and of pyy « MSH are given m Fig 8 As shown, human
B MSH differs from the other two  MSH s in two imporfant

o M (g
CHCO sef NHy
Awmed {77 T -
1112!3 4]s [
H :A-pIS«r Pr [TYr Lys MetGluHis Phe Arg Try Gy Ser Lys Asp oM
[ 1
MSH Goig) '
A Msh G 2 oo Wslers

Phe Arg Try Giy $¢ Prop mml'-o'*

i
/3 MoK Grumon), Es

123 4 6 78
n-mmmw}\»m Gly Pro. \rgMet.Gl Hrs Phe Arg. Try Gly. Ser Pro] "'“”.
[ SN ———d
Fic 8 Armno acd of mel. from pig

ox and human pituttary glands

respects In the first place, the Iysine residue which occurs m
position 6 1n the pig and ox hormones 1s replaced by argmme
(posttion 10) 1n human g MSH and secondly 1t contans the
tetrapeptide Ala Glu Lys Lys m addition to the basi
octadecapeptide structure of the other two hormones
Vanations of amino acid sequence oceurring in structurally
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DISCUSSION

Lt Dr Harmns 1s to be congratulated on this piece of work Not
everyone may realize how difficult it 15 to get a complete structure
from such a small amount of matertal This 1s an outstanding
evample of the use of ultramiero techmques This 15 the first m
stance I know of where with only 5 mg one can really determme
the complete sequence of 22 ammo acids Now 1 have one guestion
Is there any mdication from the work. of Dr Dixon and Dr Lee and
¢o workers of the presence of « MSH 1n the human pitutary? 1
know you have mentioned that they have not actually found any
but 15 there any ndication of 1t?

Harnis _As you know Prof Ln « MSH 1s considerably more basic
than  MSH and 1f 1t had been present m extracts of human piturtary
glands I feel sure that 1t would have been detected However since
the glands had been stored m acetone 1n which « MSH 15 known to
be soluble 1t 15 very likely that any « MSH which was ongmally
present was lost before the glands were worhed up to obtan 8 MSH

I+ Previously we had difficulty in locating « MSH 1 both beef
and pig posterior pitwitary glands Recently we recenved a new
bateh of posterior lobe from a local concern and we have now been
able to find « MSH 1n pig_beef and horse postenor pituttaries  All
these three species of « MSH have the structure proposed by Drs
Harns and Lerner In this matter of structural simalarties among
‘arious species what 13 particularly exciting about the report we
have heard here 1s that the human ACTH has the same structure as
the sheep and the ox ACTH

Harns We cannot be sure that the chemical structures are mn
fact 1dentical All we can say for the moment 1s that human ACTH
has the same ammo acid composition as the sheep and ox hormones

L: Ths problem of replacement of lysine by arginine n the
structure 15 quite mteresting to us Ve have recently synthesized a
pentapeptide 1n the 7 amino acid active core and 1t possesses MSH
actinity  If we replace the arginine by ormthine there 1s no loss of
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In the case of p MSH's we have seen that a Iysine residue in
the pig and ox hormones 1s replaced by the chemically related
amno acid arginine, 1n the human hormone with this one
exception all the other structural features which are common
to all known MSH’s and corticotropins are presered in human
MSH, which suggests strongly that the amimno acids which
occupy these hey positions (1e 5-15 n pig and ox MSHs
9-19 1n human MSH) form a structure which 1s 1n some way
directly concerned with brological activity at least in the
viee environment In which these substances have been de
signed to function as hormones The structures formed by the
amino acids which oceur on erther side of these key structures
appear to be less speafic since as illustrated m Fig 3 con
siderable variations m structure are possible In addition the
enlerchange of 1ysine and sermne residues which oceurs between
positions 8 and 11 1n both « MSH and corticotropins suggests
that factors other than the linear arrangement of amino acid
residues must be tahen mnto consideration when relatmg
structure to biological function m the living cell even
comparatryely small peptide molecules which do not seem to
possess any ordered three dimensional structure m aqueous
solution

Chemical studies on corticotropin and MSH as well as the
earher studies carmed out by du Vigneaud and his assoctates
on the posterior pititarv hormones oxvtocin and vasopressm
(see for example duVigneaud 1904-5 Light and du Vigneaud
1958) enable us to formulate certain empircal correlations
between chemucal structure and the biological specificities of
these peptide hormones It 15 established that a particular
hormone molecule (e g oxytocmn or corticotropin) defined in
terms of a umque chemical structure can manifest more than
one biological activity and that the different biological
activittes can be related to specific sequences of amino acl
residues It 1s to be hoped that future studies will add to our
knowledge of the mechamsms by which these peptide hor
mones act, and of the sequence of biolegical events which they

catalyse n the living cell



BLOOD CONCENTRATION OF THYROTROPIC
HORMONE IN NORMAL SUBJECTS AND IN
PATIENTS WITH THYROID DISEASE

Pretro M BoTrarr
Facully of Medscine and F harmacy Umcernity of Brussels

TrE physiologeal action of thyrotropic hormone (TSH)
and the part 1t plavs in the development of thyrotoxicoss
and thyroid adenoma are still largely unknown (Taurog
Tong and Chaikoff 1957) It 1s now established that all the
phases of thyroid 10dine metabolism are mhibited by hypo

y 1odide tration capaeity rate of formation
of radmachve 1odine labelled thyroglobulin and secretion
of thyroid hormone 1nto the blood stream  As far as hormone
synthesis 15 concerned the most stnhing inhibition bears on
the formation of labelled thyroxine and to & lesser extent
of dnodatyrosine

The primary site of action of TSH on thyroid 10dine meta
bolism has been discussed by several mvestigators (Rawson
1949, Staniey and Astwood 1949 Bogdanove and Halm:
1953 D Angelo 1955 Taurog Tong and Chaihoff 1957)
Current opinion seems to be that changes m 10dine metabolism
i response to alteration 1n TSH level are too widespread to be
explamned by a primary cffect on any single phase of 1odine
metabolism Xt appears hhely according to the experimental
results of Stanley and Astwood (1949) and Taurog, Tong and
Chaikoff (1957) that the pnimary action of 1SH 1s on some
general and fundamental property of the thyroid tissue such
as enzyme svnthesis and that all the effects on 10dine meta
bolism are secondary to this Since Greer s postulation (1922
19a27) of the of two diff thy pre b
8 pgrowth ’ factor and a metabolic factor—still awats
confirmation by the 1solation of the separate fractions from

27,
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activity  So apparently you can alter certain amino acds'm a
sequence without loss of activity !
1larns What you say 1s of considerable nterest but nevertheless
I feel that one should distingush clearly between naturally occurring
polypeptide structures which have been designed to functon as
hormones at physiologieal concentrations and n a particular physio
logical environment and synthetic polypeptide analogues which
although active 1n the frog assay are nevertheless several orders
of magmitude less active than the natural hormones o and § MSH

Li The synthetic pentapeptide had lower speaific activity than
that of ACTH and MSH

Harris Both B and Hofy have achieved the total
synthesis of « MSH and Hofmann for example reports that
synthetic fragments comparable to your pentapeptide are from
103-10% times less active than the natural hormone Furthermore
even the complete tridecapeptide without sts acetyl group 1s only
1-2 per cent as active as « MSH atself which shows that one has to
acetylate the N terminal serine residue 1n order to obtamn a fully
actrve molecule

Sonenberg Is there some precedent for other hiologically active
peptides being N acetyl?

Harris The only other example that I know of 1s the protem of
tobacco mosaie virus which oddly enough also contamns N acetyl
serine as 1ts terminal residue In this connexton however I woul
mention that Dr J P Waller n our laboratory has succeeded m
acetylating corticotropin selectrvely on the « NH group of its
N terminal serme residue The ACTH actrvity of the resutting
N acetyleorticotropm was considerably reduced its MSH activity
on the other hand was appreciably enhanced showing that the ter
munal serme residue plays an important role m determimng the
relatie ACTH and MSH activities of the corticotropm molecule

Y oung 1 m sure that we would all agree with Prof L1 congratu'

lating Dr Harns on lus ach t 1n det the
structure of a peptide on 5 mg of maternal The claims of biologieal
research are often patible with the irr ble p 4 of

the chemust and we also ought to congratulate Dr H B F Dixonon
releasing his first 5 mg of material without further biological
investigation to the claims of Dr Harris and hts chemustry

L+ Dr Dixon 1s a chenust rather than a biologst!

Y oung He s a brochemst!

Here agam we have a delightful example of mtemnational co
operation Dr Harmis comes from Cambridge he has been working

Harvard and he presents on behalf of Dr Lee and co workers of

m
Y ale a communication at & conference 1 Argentinal



BLOOD CONCENTRATION OF THYROTROPIC
HORMONE IN NORMAL SUBJECTS AND IN
PATIENTS WITH THYROID DISEASE

Pierro M Botrant
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TrE physiclogieal action of thvrotropic hormone (TSH)
and the part it plays in the development of thyrotoxicosis
and thyrod adenoma are still Iargely unknown (Taurog
Tong and Chaihoff 1857) It 15 now estabhshed that all the
phases of thyroid 10dine metabolism are mhbited by hypo
physectomy 1odide concentration capacity rate of formation
of radioactive 10dine labelled thyroglobulin and secretion
of thyroid hormone into the blood stream  As far as hormone
synthesis 1s concerned, the most striling mhbition bears on
the formation of labelled thyroxine and to a lesser extent
of duodotyrosine

The primary site of action of TSH on thyroid 10dine meta
bolism has been discussed by several nvestigators (Rawson,
1949 Stanley and Astwood 1949 Bogdanove and Halm
1958 D Angelo 1955 Taurog Tong and Chaihoff 1957)
Current opinion stems to be that changes in10dine metabohsm
mresponse to alteration 1n TSH level are too widespread to be
explaimed by a primary effect on sny single phase of 10dme
metabolism It appears hikely according to the experimental
results of Stanley and Astwood (1049) and Taurog Tong and
Chaikoff (1957) that the primary action of TSH 15 on some
general and fundamental property of the thyrod tissue such
as enzyme synthesis and that all the effects on 10dine meta
bolism are secondary to thus Since Greer s postulation (1952
1857) of the existence of two different thyrotropic hormones—
&  growth factor and & metabolic factor—still awats
confirmation by the 1solation of the separate fractions from

21,
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the pituitary, 1t scems wise to assume for the time bemng that
only one hormone exists with the different known properties
If TSH 1s essential for both the growth and the maintenance of
thyroid tissue, 1t must play an inportant role 1n the metabol
1sm of thyroid proteins  On the other hand, 1ts action on the
series of consecutive renctions leading from the trapping of
10dide from the blood to the extrusion of thyroid hormone
nto the blood stream can be considered as o regulating effect
on the rate of formation of the special enzymes which are
likely to be required at each step in the process

The response of thyraid tissue to exogenous or endogenous
TSH 15 also subject to modification by a vanety of factors
reviewed by Rawson (1052) Most mteresting 1s the effeet of
1odide which m excess usually dimmushes the thyroid stimul
ating action of TSH this effect 1s not invanable, as shown by
Halm, Spirtos and Stuelke (1955) The effect of antithyroid
compounds which enhance the thyroid stimulating action of
TSH (Halmi and Spirtos 1954), has been attributed to the
destruction of an inhibitory substance in impure preparations
of TSH or to the conversion of an mactive material to an
active form  Asvyet however there s no satisfactory explana
tion of these findings and 1t 1s possible that an explanation
mght be based on the dependence of thyroid activity on the
rate of action of a special enzymc system Furthermore 1t1s
Jikely that still other factors modifymg the thyroid stimulat
mg achion of TSH are yet to be discovered

This unique thyroid stimulating property of TSH explans
the attempt which has been golng on for years to correlate
hyperthyroidism with the secretorv activity of the anterior
prtntary  Several authors (Means 1943 1044 1949, Rawson
Graham and Riddel 1943, Rawson 1956) have postulated
the central ongin of the disease 1e that a neurohumoral
mechamsm 1s 3 olved 1n which stimuli of increased frequency
and ntensity pass by way of the hypothalamus to stimulate
an creased output of TSH by the anterior pituitary gland
Thus, the activity of the thyroid cells is augmented by an
overproduction and release of thvrod hormone The excess
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of cu'culatmg thyrord hormone sets up the characteristic
throughout the body On the other hand,

1t appears that the suppressive action of the thyroid hormone
upon the secretion of TSH by the hypophysis 1s no longer
suffictent to neutralize the strong stimulation recerved by way
of the hypothalamus the net result being a maintamed over
activity of the thyroid gland with development of & diffuse
toxie gortre of the Graves disease type

This theory finds experimental support 1n the effects on
thyroid function of hypothalamic lesions piturtary stalk
section and electrical stimulation of the hypothalamus (see
Harns 1948 1955) Yet 1t does not explain the paradox of
hyperthyroidism oceurring m cases of panhypopituitarism or
hypophysectomy which have been recently deseribed  To the
case reported by Spence (1947) n which Graves disease
developed 1n a 23 year old woman with pitmitary mfantihism
must now be added the cases described by Fajan (1958) and
by Werner and Stewart (1958) Two cases of thyroid adenoma
were reported by Gurling Baron and Radley Smth (1959) m
hypophysectomized women one of whom became severely
thyrotoxic As pomnted out by the latter mvestigators on
general principles 1t 1s not surprising that thyroid adenomata
are autonomous compared with diffuse hyperplastic goitres
since benign adenomata 1n other endocrine glands are known
to be independent of the respective tropic hormones The
metabolism of the thyroid cell in the adenoma might well
differ 1 type from those mn the rest of the parenchyma and
thyroid hormone might be elaborated i the presence of the
necessary enzymes even in the absence of TSH which 1s
required by the normal cell for the same process This could
Justify deration of toxic ad as an entity distinet
from Graves disease as far as pathogenesis 1s concerned  How
ever the fact that severe thyrotoxicosts can develop mn the
hypophysectomized human subject supports the contention
that thyrotowcosis 1s not necessarly a prtwitary mnduced dis
order but does not preclude that this might be the case
most mstances
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The discrepancies concerming the aetiology of ija\es’
disease can thus be readily understood and the conflctmg
results obtamned n the assay of TSH in human subjects by
means of different techniques add even more to the general
confuston It seems, however, that the problem will be re
solved only by means of the exact estimation of the tropic
principle 1n the blood and by a careful analysis of the results
obtamed for the assny of TSH 1n normal and pathological
cases

The estimation of TSH in body fluids

‘The euthyroid state

In considering the normal concentration of TSH m man,
the first question to be answered 15 what 15 normal? The
definition of the normal concentration of TSH 15 usually based
on our 1gnorance of most of the mter related effects of the
other hormones on thyroid actrvity It seems logical to assume
that 1n terms of the phystological function of the hypothalamo
prtmtary system differences 1n age and sex can change 1
unhnown proportions the normal basal level of TSH secretion
As a result of their theoretical calculations 1t was postulated
by Greer and Shull (1957) that the concentration of TSH m
the blood cannot exceed 6 m umts/100 ml From this figure
1t appears as beheved by these authors that TSH is by no
means measurable m normal human blood unless extracted
from large quantities Even 1f 1t cannot be measured by means
of histologieal techmques based on acmnar cell height, the
sensitivity of which appears to be too low to permut even &
qualitative detection of the hormone m biological fluids more
recent techniques are sufficiently sensitive to allow quantitative
estimations

Tt can be definttively stated that the diagnostic value to the
climeisn and the physiologist of TSH d tions 1N
biological media 15 entirely dependent on the reliability of the
assay methods employed Accordingly, 1t 1s appropriate
before dealing with climical problems here to review brefly
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the assay methods which seem more hkely to solve the
problem of TSH estimation 1 body flmds

The mability to charactenize TSH chemically has pre
cluded the development of a chemical method of assay and
we must still rely upon biologieal techmiques which are often
slow tedious and mconvement

Although Piotti (1957) clrmed that TSH could be esti
mated 1 normal human serum after acetone extraction by
means of a modification of Talas (1952) histoquantitative
assay techmque 1t appears that among the mon 1sotopic
techmques the stasis tadpole method deseribed by
D Angelo and co workers (D Angelo Gordon and Charipper
1942 D Angelo et al  1901) 15 the only histological techmque
sufficiently sensitive and specific to detect the presence of the
hormone 1 serum The Jeration of phosis 1n
tadpoles after TSH admimstration has been augmented by
total starvation prior to a entical developmental stage
Starvation arrests metamorphosis and induces thyroid atrophy
so that the response to TSH 1s mcreased The analysis of
vaniance of the data on which the standard dose response
curve 1s based for the assay gives an mdex of precision
(lambda) of 0 187 and routinely using 7-9 tadpoles mn each
bioassay group the method 1s claimed to differentiate success
fully between two doses of TSH mn a ratio of 1 85 1 0
(D Angelo and Traum 1958)

The 1n vizo 150topie techmques recently developed can be
divided 1mnto two groups according to the chosen end point
etther (1) the uptake of the 1sotope by the stimulated thyrad
gland or (2) the release of labelled thyroid hormone Two
1sotopes have been considered in the uptake experiments
Radioactive 10dine uptake by the thyroid gland after previous
nhibition of the endogenous TSH secretion by 10do casemn
feeding has been used by Quendo Kassenaar and Lamerjer
{1953) 1n mice and by Overbeek and co workers (1903)
rats with a precision index of 0 84 and o sensitivity of 10 pg
of provisional US P standard Having achieved inhibition of
the endogenous secretion by admmstration of thyrord powder
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torats, Levey, Cheever and Roberts (1956) developed an assay
technique with & sensitivity of 0 625 m units {USP }and a
lambda of 0 24 Both techmques are much less sensitive than
that involving tadpoles, and negative results were obtained by
Querido, Kassenaar and Lamerjer (1955) after the injection of
untreated serum However, these workers have devised a
technique similar to that employed by Cohn and eo workers
(1948) for concentrating the serum and were able to detect
‘TSH actavity n such extracts

The mcreased turnover of phosphorus which P
cell growth was used as an assay index of thyrod over
activity 1n assay techniques employing radroactive phosphorus
(Borell and Holmgren 1949 Lamberg, 1952 1953 1955,
Greenspan et al  1956) The sensitivity of these techmques
1s of the order of that achieved with the use of radicactive
1odme 0 5 mumts (Lamberg 1955) and 0 25 m umts
(Greenspan et al , 1956) the latter with an index of precision
of 0 84

The release of labelled thyroid hormone after the admms
tration of TSH has proved 1n recent years to be a good mndex
of thyroid activity It was developed by Adams and Purves
(1953, 1955) n the guinea pig, and by Gililand and Strudwich
1n the chick (1953) and was further used successfully by
Bates wnd Cornfield (1957) n the chich and by McKenzne
(1958a) tn the mouse The general seusitivity of the release
methods 1s high [0 1 m umits (Adams and Purves 1955) and
0 15 m units (Gilhland and Strudwick 1953)], while McKenzie
(1058a) achicved a sensitivity of 0 025 m umts for an injection
volume of 0 5 ml with a lambda of 0 24

A further increase 1n sensitivity has been sought by the
itroduction of 1n wiro assay techmques Tissue culture
experiments have several advantages over wn vizg systems
for the detection of TSH

(1) the added TSH can be confined in a small volume with
the target tissue svording dilution throughout the
body as happens with w vizo techmques
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(n) only thesolated target tissue 1s present, avoiding cata-
bolism of TSH by other tissues and the nter related
effect of other endocrime glands

(m) a certamn amount depending on the size of the organ
of comparable fragments of the same origmm can be
prepared

An 1w wiro assay based on the depletion of previously
stored labelled thyroid hormone was devised by Bottar1 and
Donovan (1957) and will be fully described elsewhere The
sensitivity achieved by the use of this techmque 1s of the
order of 0 1 m umts/100 ml with an average mdex of pre-
cston of 0 18 The weight gam of mncubated bovine thyrod
shices under the action of added TSH was used as an index of
thyrotropic activity in the assay technique described by Bakke
and co workers (1957) Although the sensitivity and the pre
cision mdex of the method are comparable to those of the i
witro depletion techmque 1t 1s not useful for the estimation of
TSH m body flmds (Bakke and Lawrence 1959}

The 1deal method for assaying TSH has probably not been
devised yet From the pont of view of sensitivity the in
viiro techniques appear to be about ten times more sensitive
than the :n vwo methods with a better precision index The
1 viiro depletion techmque of Bottar: end Donovan (1957)
which has proved useful for the estimation of the TSH con
tent of the blood both in the human and in ammals has the
disadvantage of bemng greatly dependent on the stramn of
guinea pigs used Work 1s still n progress to estabhsh fully
what are the requisites of the technique 1n order to avoid any
possible dufficulty 1n the mterpretation of the results obtamned

The statement of Albert (1949) that TSH has not been un
equrvocally demonstrated 1n blood must now fortunately be
revised Limuting our review of the figures obtamed for the
TSH content of body fluds 1n the cuthyroid state in man to
the quantitative estimations based on the use of rehable assay
methods 1t now seems to be established that the hormone has
beendetected i blood and inurine at least n a certan number
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of cases It 1s of interest that, despite the varety of the
techniques used the datn now avmlable in the literature are
n close agreement

In the carly reports of Quenido and Lamerjer (1956) and
Gilhiand and Strudwich (1956) the normal concentration of
TSH 1n blood was considered to be between 0 and 20 m umts/
100 ml serum  Without specification either of the number of
cases mvestigated or of any sex or age differences o mean
figure of 40 m umts/100 m! was given for normal adult sera
by D1 George D’Angelo and Paschhus (1957) while the norm!
figure was again estimated by McKenzie (19584) to be around
20 m umts/100 ml A tentative reappr usal of the problem was
made by the mvestigation of a large group of normal human
subjects of different age and sex by means of the i uiro
depletion technique Imitial estimations were carried out on
2 homogenous group of 60 20 year old males Thyrotropie
activity was demonstrable m the serum of all of them and the
mean concentration observed was 29 m umtsf100 ml (Inter
national Thyrotropm Standard) with outside limats of 8 and
80 m umts/100 ml Extension of the male group up to the
age of 60 by the addition of 50 new cases did not change

gruficantly the mean ration previously caleulated
This was established to be 25 m umts/100 ml with outside
himts of 7 and 80 m umts/100 ml serum (Fig 1)

Sex differences and the eventual nter related effect of
oestrogemc activity on the level of crculating TSH was
further explored by the study of 64 euthyroid women divided
nto two groups a group of 86 premenopausal women from
whom blood was collected without correlation with the
menstrual cycle and a group of 28 postmenopausal women
under the age of 60 years The mean value calculated for the
first group was 60 m umts/100 ml serum with outside hmits
of 30 and 100 m umts{100 ml while the mean concentration
calculated for the second group was 23 m umits/100 m! with
outside hruts of 8 and 45 m umts/100 ml (Fig 2) Although
the number of cases mvestigated wis smaller than 1n the
male group there was a statistically fi diffe
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between the two female groups The postmenopausal values
were comparable to the figures from the male group while the

premenopausal mean value was more than twice as high as the
male value

Number of
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As mght be expected less clearcut pooled results were
obtained from the study of TSH concentration in the blood of
201ndividualsof both sexes over theageof 60 years It appears
from these few cases that there 1s a downward trend in this age
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group, since sometimes no thyretropic activity was detectable
and most of the results ranged from 5 to 8 m umits{100 ml ,
nevertheless, some higher figures were obtauned including 2
value of 50 m umts/100 ml for a 65 year old man

Number of
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=
[TTT17]

1]
0 20 40 60 80 100 TSHmumits
100ml Serum
Fic 2 Individual TSH concentration in blood of 6%
normal females

D premenopausal
W postmenopansal under the age of 60 ye 3

1t 15 1nteresting to compare these figures obtained for blood
1SH content with the data published by Bakhe and Law
rence (1959) for the pitintary TSH content 1n the human The
mean concentration for subjects under the age of 50 years was
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210 m units{100 ml whule for the older group the mean con
centration went down to 82 m umts/100 ml The ratio
between the pituitary and the serum concentration 1s compar
able for the two age groups although 1t appears that a dif
ference anses later as far as the blood TSH values are con
cerned Confirmation of the blood TSH concentration
euthyrotd males was obtamed by El Kabir (1959) using the
1 wifro assay techmque described by Bottan and Donovan
(1957)

Some determmations of TSH concentration in urine have
been reported in the literature The questionable specificity
of the assay method used renders the figures reported by Aron
(1951) for untreated speeimens rather doubtful The values
obtained by Bloch Michel and Henry (1955) for TSH m urme
appear however to be mn good agreement with the serum
values Detectable amounts of TSH were also found 1n the
urme by Savole (1951) 1n 10 out of 17 euthyroid cases The
five positive responses obtamed by Greenspan and co workers
(1956) using the method of 3 P uptake are more dubrous
sinee a recent re evaluation by Greenspan and Lew (1959) of
the assay techmque has shown that 1t 1s not applieable to the
estimation of TSH 1n bodv fimds

Considermg the high tovicity of untreated urme spectmens
and the possibihty that TSH might be metabolized m the
ladney (D Angelo 1956 Kassenaar Lameljer and Querido
1856 Kassenaar Kerkhofs and Querido 1859) estimations
of TSH 1n blood appear to be a more reliable index of thyro
tropic activity than estimations 1n urine

TSH concentration 1n hypothyroidism

It his been considered for years that myxoedema 1s
accompanied by an mcrease in TSH concentration n the blood
sufficient to permut 1ts estimation even by the techmques
based on acmar cell height Positive qualitative findings
were reported by Hertz and Oastler (1936) Emerson and
Cutting (1988) and Collard and co workers (1940) It was
recently shown however (Gilhland and Strudwick 1956
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group, since sometimes no thyrotropic activity was detectable
and most of the results ranged from 5 to 8 m umits/100 ml
nevertheless, some higher figures were obtamned, meluding a
value of 50 m umts/100 ml for a 65 year old man
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1t 15 mnteresting to compare these figures obtamed for blood
1SH content with the data published by Bakke and Law
rence (1959) for the pituitary TSH content i the human The
mean concentration for subjects under the age of 50 y ears was
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thyroid patients Increased amounts were found 1n 17 out of
the 41 cases collected m the hterature whnle normal or de
creased amounts were found m the others  An ncreased out
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MYXOEDEMA HYPOPHYSECTOMIZED

Fio 3 Indmdual results observed in cases of spontaneous
Y and after

notmal  verage concentration of TSH in blood

Put of TSH was observed i 11 out of 26 uninary estimations
Another mteresting feature was the report by Adams (1958)
Iater confirmed by McKenzie (1958) of the existence i the
blood of some thyrotovie patients of an abnormal thyrotropic
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D’Angelo et al, 1951 D1 George ef al, 1957) that this 15 not
always the case and that absence of thyrotropic activity can
be demonstrated 1n severc cases of hypothyrodism The
finding that TSH activity 1s restored in those cases by
thyroid therapy 15 an interesting one (Starr ef al , 1939, Salter
1940) Quantitative estimations of the TSH content of
myxoedematous blood have now been performed by means of
four different assay techmques Although the ¥ discharge
from the thyroid of the one day old chick used by Gillland
and Strudwich (1953) does not always measure the TSH con
tent of normal blood elevated TSH titres were found by this
method 1 8 out of 10 patients with spontaneous myvoedema
The results reported by D’Angelo and co worhers (1951) wnd
D1 George and co workers (1957} also demonstrated that the
TSH content of mysoedematous blood varies widely from
patient to patient beng either undetectable normal or ex
cesstvely hgh Values of up to 400 m umts/100 ml iwere
obtaned 1n untreated patients while undetectable amounts
mereased up to 200 m umts/100 ml after thyroid therapy m
other patients Shightly supranormal figures were observed
by McKenzie (1958a) m two out of four cases

The seven cases of spontaneous myxoedema nvestigated 1n
Brussels by means of the tn wiro depletion technique are
consistent with the previous reports Four of them had an
abnormally high serum TSH level 200 250 450 and 400 m
umits/100 tal while the three other cases had low values
undetectable 1n one and only 4 m umts/100 m! in the other
two (Fig 3) Smnce 1t was not possible to examine the re
sponse of the thyroid of these patients to exogenous TSH one
can of course not exclude the possibility of a primary defict
ency of TSH in these patients A serum concentration of 200
m units/100 m! was found by El Kabrr (1959) mn a casc of
spontaneous my xoedema

TSH concentration in hyperthyroidism
Adams and Purves (1957) have recently reviewed the
results of TSH estimations performed m the blood of hyper
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thyroid patients Increased amounts were found n 17 out of
the 41 cases collected 1n the hterature while normal or de
creased amounts were found m the others An mnerensed out

TSH m units /150 mt
Serum

400 ’-

300
200 W

100]

MYXOEDEMA HYPOPHYSECTOMIZED

Fio 3 Individual results observed in cases of spontaneous
yxoederna and efter hypophysectoray

- uommaly erageco centr tlon of TS In blood
put of TSH was observed 1n 11 out of 26 uninary estimations
Another interesting feature was the report by Adams (1958)
later confirmed bv McKenzie (1958b) of the existence mn the
blood of some thyrotoxic patients of an abnormal thyrotropie
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hormone characterized by its delayed action when injected
nto the test animal

The concentration of TSH n the blood was estimated by
means of the un vitro depletion techmque mn a great number of

TSH m-units/100 ml
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patients with a subjective symptomatology of thyrotoxicosis
The diagnosis was separately assessed by classical means
physical examination basic metabohe rate determmatlonsn
1] yptake and sometimes the calculation of the conversiol



TSH ConcENTRATION IN BrooD 289

rato  No sbnormal TSH value was observed in the cases
diagnosed as euthyroid by classical investigations The
figures observed for the 45 truly thyrotoxic cases may be
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4ivded mto three groups A first group of 9 patients had

TSH blood concentrations in the normal enthyroid range 23

Patients were found to have an mereased concentration rng

g from 100 to 800 m unts{100 mi serum, the third group of
Woxax FITITARY 10
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18 patients was characterized by the tremendously high con
centration obsery ed, all the values obtained bemng higher than
1 umt{100 ml Indtvidual results are ilustrated m Figs 4
and 5 Two of the three thyrotoxic cases observed by El
Kabir (1959) had concentrations of about 200 m umis/ml,
and the third had a normal concentration

The data so far obtained do not permit us to establish a
correlation between the seventy of the thyrotowe state and
the concentration of TSH m the blood Even if we consider
these data as provisional, 1t 1s strihing that m none of the
cases examined was the TSH serum level dimmmshed, which
confirms the observations of D Angelo and co worhers (1951)

Estimations of TSH m the blood were also carried out m a
few patients before 1nd after the diagnostic admumstration of
trnodothyromne  The marked drop observed m the blood
TSH concentration for those cases was accompanied by 2
parallel decrease i the thyroid ¥ uptake

Discussion

The supposition that the thyroid and the piturtary are
reciprocally related has led many workers to attempt the
detection and defimition of TSH in the body flnds of normal
subjects and of thyroid patients The results however have
been largely meonclusive and confusmg and have long ob
scured the study of the physiological and pathologteal role of
the hypophysis mn thyroid disease It 1s now obvrous that the
discrepancies regarding the presence or absence of TSH m
bloed or urme were due to the crude methods used to detect
the low titres of hormone present m body flurds The tech
mques recently devised in some laboratories have now seem
mgly aclueved the degree of sensitivity preciston and spect
fierty required for a complete remvestigation of the problem
The first aim of the present study was a tentative defimtion
of the range of concentration of TSH 1n the untreated serum
of normal mndividuals 1n different age and sex groups In
confirmation of previous observations 1t 1s Row estabhshed
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that endogenous TSH can be detected 1n blood despite 1ts Iow
concentration From the results obtained in a group of 110
healthy males ranging from 20 to 60 years of age this normal
concentration was estimated to be about 25 m umts/100 ml
serum  The interesting finding that the concentration of TSH
i the blood of premenopausal women 1s more than twice as
lugh as that 1 males should be confirmed on a larger popula
tion and perhaps correlated with the menstrual cycle

The existence of a fine balance between the pitwitary and
the thyroid has been repeatedly suggested by several mvesti
gators This concept was supported by the accumulation of
much indirect evidence Studies based on the assay of TSH
blood using rehable techniques do not provide the results
one would expect if a reciprocal regulatory system were
operating between the two glands The results obtamned by
means of the wn viiro depl hnique 1 myxoed:
patients confirm the earler findings of D Angelo and of Gili
land and Strudwich indicating that a low serum titre of
thyroid hormone 1s not always paralleled by a mgh TSH serum
concentration This finding 1s not surprising since Eartly and
Leblond (1954) have shown that thyroidectomy in the rat was
followed by a decreased secretion of most of the tropic hor
mones (growth hormone adrenocorticotropie hormone and
gonadotropms) The present author has observed (unpub
hshed data) that in the rabbit thyroidectomy 1s followed
after a transitory phase of pitwitary TSH overproduction by a
gradual fall of the TSH content of the blood The reappear
ance of TSH 1n the circulation after thyroid therapy reported
by D1 George and co workers (1957) 1s attributed by them to
& general bodily mmprovement with heightened metabolic
acttvity and renewed ability to synthesize and release TSH

On the other hand 1n hyperthyroid patients known to have
a charactenstically hugh thyroid hormone level TSH values
n blood were found to be either normal or elevated The
question arises whether the ligh amounts found in some
Patients are not due to some artifact possibly the presence of
some tovic substance nowous to the incubated thyrod tissue
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13 patients was charactenized by the tremendously high con
centration observed all the values obtaned being lugher than
1 umt/100 ml Individual results are tllustrated m Figs 4
and 5 Two of the three thyrotowc cases observed by El
Kabir (1959) had concentrations of about 200 m umts/ml,
and the third had a normal concentration

The data so far obtamned do not permit us to establih &
correlation between the seventy of the thyrotoxic state and
the concentration of TSH 1n the blood Even if we consider
these data as provisional, 1t 15 strking that in none of the
cases examned was the TSH serum level diminished, which
confirms the obseryations of D Angelo and co workers (1951)

Estimations of TSH 1n the blood were also carrted out m 2
few patients before and after the diagnostic administration of
truodothyronme The marhed drop observed m the blood
TSH concentration for those cases was accompanted by a
parallel decrease in the thyroid 231 uptake

Discussion

The supposition that the thyrod and the pitmfary are
reciprocally related has led many workers to attempt the
detection and defimtion of TSH 1 the body flurds of normal
subjects and of thyroid patients The results however hive
been largely nconclusive and confusing and have long ob
scured the study of the physiological and pathological role of
the hypophysts n thyroid disease 1t 1s now obvious that the
discrepancies regarding the presence or absence of TSH 1t
blood or urme were due to the ecrude methods used to detect
the low titres of hormone present m body fluds The tech
mques recently devised in some laboratories have now seem
inglv achieved the degree of sensitivity preciston and speet
fieity required for a complete remsestigation of the problem
The first aim of the present study was & tentatn e definttion
of the range of concentration of TSH in the untreated serum
of normal mdividusls m different age and sex groups In
confirmation of previous observations 1t 1s now established
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Thus last pomnt deserves further iny estigation and might well be
correlated 1n some way with the abnormal hormone described
by Adams (1958) However 1t 1s apparent from these results
that if thyrotoxicoss 1s not necessarly of pitwitary ongin the
repeated finding that TSH exists erthern normal or in elesated
concentrations 1n the blood of thyrotowic patients strongly
suggests that 1t must play an important role mn the onset and
maintenance of Graves disease ;n most mstances

It 15 of interest that according to Bakke and Lawrence
(1959) the concentration of TSH 1n the mtmtary found mn the
only thyrotoxic case examined was as high as 1100 m units]
100 ml for a mean value of 114 m umts/100 m}

Summary

Serum levels of thyrotropic hormone (TSH) mn euthyrod
adults of different age and sex and of hypothyroid and
hyperthyroid patients are reported The normal concentra
tion of TSH 1 the blood of men and of postmenopausal
women under the age of 60 years was found to be 25 m umts/
100 ml, while a concentration of 60 m umts/100 ml was
obtained 1n the blood of premenopausal women Hypo
thyroidism was characterized either by abnormally low or by
abnormally high serum concentrations Hyperthyroidism on
the other hand was accompanied by normal or by abnormally
elevated concentrations of TSH in the blood
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Another pomt of considerable interest concerns the primary and
secondary myxoedema results which you have shown Drs Gilhland
and Strudwich (1956 loc et ) working m our department showed
that 1n myxoedematous subjects 2 small dose of thyroxine would
restore the occasional subnormal TSH levels to the supranormal
levels you might expect mn the presence of myvoedema This was
also shown for the urinary gonadotropin  Perhaps my<oedema of
the pitwitary 1s a reasonable explanation for this finding

T was very mtercsted 1n the results on thyrotowicosss and to see
such a large and extenstve incidence of mostlvy hugh values We
like many others have tried to divide thyrotoxicosis into groups
and I realize that 1t 1s verv difficult Unfortunately the cimeians
have called primary what 1s really secondary and secondary what 1s
really pnimary but the question of the presence or absence of ex
ophthalmos has alnays been very closely connected with the prob
lem and I would be most interested to know whether the values
which were low 1n your series were cases i which the exophthalmos
was not recognizable Such a grouping s of course not 100 per cent
correct for we have all been very famubhar with cases where the
exophthalmos 1s obvious a year later though not when the patient
was first seen  Equally so tie presence or ab ence of nodules in the
thyroid 1s not very relevant because a nodule in the goitre does not
prevent one from getting diffuse hyperthyroidism or what 1 hike to
call Graves disease Of course 1n this connexion we would be most
iterested to see whether you have been able to demonstrate the
hollowness of the Werner logic m saying that the fmlure to suppress
the 31T uptake by the thyroid with T3 or anv other thyroid hormone
means that the disease 1s 1 the thyroid (Werner S C (1954)
J chn Endoer 14 1260) Ihis finding surely means that some
Jinking 1n the pitwitary thyroid control mechamsm 1s not working
normally

Bottars Unfortunately I ecannot answer your first question Tests
for parallelism between hyperthyroid sera and the TSH standard
Pproved to be conclusine

Russell Fraser Ts 1t not hable to change very much m hyper
thyroid patients?

Dottars The assays for parallelsm were performed only on sera
collected m hyperthyroid or thyrodectomized patients since the
content of normal serum 1s too low to allow of senal dilution

Russell Fraser The pregnant woman would be the one to check

Bottart T agree on the pomnt that pregnancy and cord samples are
the cases where 1t should be loohed for As far as the mjection of
thyrowne 1n eases of myxoedema with low TSI 1s concerned I have

10 oceaston to try 1t smee I am given the blood samples without
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DISCUSSION

Russell Fraser Dr Bottan 1s to be congratulated on lus very
teresting paper It s not often possible to see such a large number of
assay results for TSH To come to detalls Dr Bottan: how sure al:e
you that the thyrowne binding protem whuch you add with the
serum has no mfuence on the assays? One would imagine that this
mght mfluence the assay end pomt The question arises partict
larly n the case of results which show such a high value for TSH 1n
pregnancy when we know there 15 a high thyroxne binding protein
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start a colony with stutable amimals in order to control diet tempera
ture and so on

Beck Dr Bottan would you also comment on the possible
seasonal vanations m gumea pgs? This 1s seen 1n other ammal
spectes 1n which you attempt to do TSH assavs

Bottar: 1 have got seasonal vanations charactertzed by a wide
scatter m the early spring while 1n London the same phenomenon
was observed during winter

Read Dr Bottan have you assayed the serum of patients recers
g antithyreid growth hormone?

Bottars  Since I was looking for pure results thus pomnt was
neglected Some patients however have been examned after 111
therapy From the few cases observed 1t seems that ane mmght con
clude that when treatment 1s folloned by a lach of subjective rehef
‘TSH remams high although thyrord function appears to be stabilized
at a euthyroid leyel as far as the tracer 1s concerned

Anderson Prof Russell Fraser Iwas struch by the exophthalmos
of the patient you showed us did you find on more careful examina
tion that the patient had hyperthyroidism?

Russell Fraser No possibly excess of output of TSH but not
hyperthyrodis

Anderson Do you feel that exophthalmos 1s due to the TSH?
Drs Bates and Condhiffe m our laboratory have two sources of TSH
one 1s beef pituitary and the other 1s a mouse pitwitary tumour which
elaborates TSH they have had these preparations assayed for
exophthalmee factor by Dr Albert at the Mayo Clinic who uses the
fundulus (Bates R ¥ Albert A and Condhffe P G (1929)
Endocrinology 65 860) The mouse pitwitary tumour TSH does not
have the exophthalmuc factor but it 1s of course a very potent TSH
Ppreparation and the bovine preparation has both TSH and the
exophthalmic factor Here 1s rather clearcut evidence of two factors
—the exophthalmic factor and TSH

Bottars Dr_El Kabir m London started to look for TSH in ex
ophthalmos He has a case of exop 1 without thy
and he has found a very low amount of TSH

Russell Fraser Drs Gillland and Strudwich when they were
assaymng for these same compounds 1n the plasma by a less sensitive
method divided therr patients nto three groups one of which was
thyrotoicosis without evidence of exophthalmos another thyro
toxicosts with gross exophthalmos and the third gross exophthalmos
without obvious hyperthyroidism e came to the conclusion as
regards the latter that there are perhaps two different diseases which
masquerade under the one name of exophthalmos In our chinic1t 1s
the practice to try suppression tests on all these patients with
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having any access to the patients, but I think 1t 15 important to
ook for this m the future

As expected by Prof Russell Fraser all the cases with normal
TSH blood levels showed no obvious signs of exophthalmos My
exp of large exophthalmos in hyperthyrordism 1s limited to one
single case but since that one had been treated for years I would not
like to comment on 1t

Now as far as Dr Werner s theory 1s concerned I have m two
mstances measured TSH m the blood of patients where the T3 test
was used and m both of them TSH remained hugh after the admn
1stration of T3

de la Balze Did you try triiodothyronme in normal human
beings to see what happened with TSH?

Bottart One of my shdes showed a normal—although his 11
uptake was high This was one of these cases where Werner mahes &
difference between thyrotowicosis and euthyroxdism

de la Bale How do you explain the low TSH 1n postmenopausal
women ?

Bottar: Y have no real explanation It has been shown that if
oestrogens_are grven to ammals mhibitton of thyroid function
results so I wonder 1if what one gets 1s not yust a higher level of TSH
to maintain the same thyroid function level when there 1s mibition
by oestrogens It would be interesting to explore this during the
cycle but I did not find any volunteers to correlate the blood col
leeted at different periods of the eycle This 1s what should be done
1n order to know exactly the correlation between TSH and ovarian
funetion

Loraine The method of McKenzie (1958a loc cut } which you
mentioned seems to be open to the eriticism that sometimes therels
significant deviation from porallehsm when the standard TSH 15
assayed agamst extracts prepared from human serum I wondered
if with your method sigmificant slope differences were likely to
occur

Vould you comment on the necessity for ngid standardization of
the gunea pigs which you use 1n your assay procedure? Is1t not the
case that only certain stramns of gumea pig are smtable and that for
some time before use the ammals must be kept under yery constant
environmental condrtions? I should add that Miss J R Brown
working 1n our laboratory has been usmg your method and has
obtained Tesults simular to those you have reported However she
found that the success of the assay depended to a large extent on the
stram of animal used

Bottar: The question of the stram of guinea pigs to use 1s the black
spot of the n vatro technmique The only way to cope with it 1s to
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Normal and reasonable amounts of thyroxine or truodothyronine
will suppress 100 per cent of normals but not 1n these exophthalmos
cases We do get some suppression which we like to call a partial
suppress\on
onenberg 1 agree I think Graves disease 1s a discase as Prof
Russell Fraser said and we too have done the same thing If you
grve large enough doses these patients can be suppressed and that
they do not respond to normal doses may be because either (1) thew
homeostatic mechanisms are not operative wherever they may be
or (u) 1t may well be that m those patients who get the same doseasa
euthyroid 1ndrvidual the thyrotosic mndividual disposes of s
thyroid hormone much more rapidly so for all practical purposes he
does not hay e the same level of hormone m his blood to suppress the
pituitary But whatever the mechamsm there are alternative
interpretations of the results other than Werner s
Bottar T completely agree with this
Sonenberg 1would add with regard to McKenzie s so called TSH
which I think Dr Bottar took a httle refuge in—1I think he 1s unduly
cauttous about this—there 1s no chermeal evidence of any differences
m TSH Of course 1t 15 too early to tell since no one has ever had
pure TSH There are alternative explanations which rght explan
McKenzie s data winch would not include any real TSH namely dif
ferences m absorption or binding to other proteins mn the serum that
Youinject and other explanations so you could well have real TSH
there whose apparent activity 1s mcreas
Raben 1 thnk McKenzie s data 15 harder to explan away than
that The factor in the blood of some hy perthyroid patrents differed
from TSH 1n several ways It survived m the blood stream of the
mouse much longer than mjected TSH did 1t ran differently on
electrophoresis and had a distinetly different time curve mn dis
charging radioactsve 10dine This evidence makes a rather strong
case for a ely daff L Indeed I wonder
whether Dr Bottan has not chosen a nsky time to attribute hyper
thyroidism to the pituitary  Dr Pearson and others have seen cases
of hyperthyroidism without a pitwitary and this factor has not yet
been found 1n exther ammal or human pitmtary glands
Bottar: The point I want to make 1s not that hyperthyroidism 1s
always of pitwitary origin but that if TSH 1s found to be ncreased
m & large group of thyrotoxic patients the fact has by no means
some sipnificance Indeed I do not see any explanation for an
Increased TSH blood level 1n patients known to have a high thvroid
ormone blood level One would expect a low TSH since even a
normal TSH content should tmply that the feed back mechamsm 1s
Do Jonger functioning at a normal rate
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apparently euthyrotd exophthalmos and 1n our experience nearly
all 1f not all of them do not suppress—they behave hke patients
with a thyrotowic gland in that respect even if they have nom
creased output of thyroid But there are apparently other cases
with no hmt whatsoever of any mvolvement of the thyroid with the
grossest of exophthalmos of which we have seen a few who respond
dramatically to X rays apphed to the orbit and I feel that this may
not always be related to Graves disease In answer to your first
question I was trying to hint in presenting the previous picture
that exophthalmos did not only depend on TSH ~ It may be that
there are other pitwitary hormones which are rather important and
that the so called exophthalmos producing factor may be a combimna
tion and not a single hormone Iwould ke you to tell me what the
other one 1s!

S berg Ihavetwoq about tech First 1 wonder
if there 15 a standard curve which compares gving TSH alone and
then TSH m serum Secondly 1t has been reported that when
1odides are added to a medium of the kind that you describe they
mterfere with TSH action This may be just a dose effect—n other
words the dose previously used I suspect were much larger than
those that you use but I wonder 1f this pomnt has been cheched?

Bottar: As far as my first shde was concerned this was standard
TSH not TSH in serum Of course you always have serum m the
cubation medium We were rather concerned about the sodum
1odide with the dose level we were giving there was no effect but at
higher dose levels there was an effect

A B Houssay We have done Werner s test m the three groups
mentioned by Prof Russell Fraser 1¢ exophthalmc patients with
hyperthyrordism and malgnant exophthalmos with or without
hyperthyroidism and d the resp y the d of
1] yptake conversion rate and protemn bound ¥ There was no
depression 1n any of these three tests m hyperthyroid patients but
we found Ily some dep exophthalmie patients who
have never been hyperthyroid

Russell Fraser This 1s the difficulty about what you call a positive
response to a suppression test My own interpretation of a suppres
sion test 15 as follows 1f you grve a normal amount of hormone you
would expect the function of the gland to go mnto subnormal levels
It does not matter whether that mvolves a suppression to 50 or 30
per cent of the starting value—the ymportant thing 1s the absolute
yalue which you achieve at the end When we do these suppression
tests we give a slightly larger dose than Dr Werner does We do
find some suppression 1n thyrotoxicosis with a large dose of thy
roune we have suppressed the uptake of some thyrotoac glands
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firmed this obsersation or 1f you have any data pertaimmg to the
urmary excretion of TSH in normal and pathological conditions

Bottarr Y have not tned TSH m urme because I do not beheve
very much in TSH 1n urme

Russell Fraser Dr Bottan do you believe in the existence of a
TSH inhibitor which has been hinted at by varous people, andif this
were so would it not be a good way of explaining the abnormal TSH
m hyperthyroidism?

Bottars 1 have no idea on that pont
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Raben 1 wonder Dr Rottart if there 15 this qualitatively dif
ferent fact and whether those methods which do not depend on &
time curve would distingussh 1t from TSH?

Bottary T don t hnow but I think that the fact that McKenzie 1s
finding 1t as a delayed action 1n animals rught also be an explanation

Pearson  The observations that we have made of persistent
thyroid function followng hypophy sectomy do not I helieve rule
out the possibility that thyrotoxicosis may 1 some cases, be due to
excesstve TSH production” We have obseryed 10 patients who have
remamned euthyroid for periods of 6 months to more than 2 years
following a complete or nearly complete hypophysectomy = Ad
runistration of truodothyromne failed to mduce suppression_of
thyrordal 1] uptake or 1n scrum protemn bound 10dme levels The
majonty of these patients had functioning adenomata of the thyrod
gland The non ad thyroid tissue appeared to be q t
and could be stimulated to increased function by admuustration
of TSH Two patients had a previous history of thvrotoxicosis but
were euthyroid at the time of hypophysectomy It stil seems
possible however that thyroid function might be suppressed by
hypophy Y 1n some p with hyperthyroidism

Russell Fraser One small pomt with regard to exophthalmos
there 15 a prevailing tendency to regard 1t as the same thing at all
levels of hyperthyroidism We once had a patient with widespread
thyroid earcmoma who had the hd retraction pattern of exophthal
mos which some people would eall thyrotoic exophthalmos and
when he had his pituitary removed he still had this exophthalmos
As long as he was given antithyroid drugs he was not thyrotoae
In one or two other patients the pitwitary has been attached for
severe exophthalmos—we have had a little’experience of that too—
and removal of the pitwitary certamly seems to have some mfluence
onit The very fewisolated cases of actis e thyrord are best explamned
as Dr_Pearson suggests by nodules which can be idependent and
they do not bear on the cause of the common cases of thyrotoxicosts
which we might best call Graves disease

Raben How long does 1t take for the TSH and gonadotropins to
reappear th myxoedematons patients given thyroid ?

Russell Fraser 1 have not enough information to answer that
because our usual practice was to grve 14 days of thyroxme at the
dose level of 0 1 mg fday fter which the second assays were done
by then they had returned to the hypernormal levels in all mnstances
1n which we tried 1t—about three I think

Loraine Some years ago a claim was made by workers in Leiden
Holland that m & patient with thyrotovicosss large quantities of
TSH were excreted in unne  Iwonder Dr Bottan if you have con
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tion and 1t 15 gratifying to have 1t so conspicuously illustrated by
our colloquum

Prof Young s fourthstage that of the synthesis of a hormone and
the study of 1ts variants 15 you may feel barely begmuning perhaps
not yet really under way but 1t must come and I wish particularly
to emphasize the plea of Dr Gemzell that the structure of the human
FSH be worked out and some method be found as soon as the bio
chemists can possibly do 1t erther to synthesize this product from
the amino acxds or to produce an nmtation of it This as everyone
realizes 15 one of the pomts at which ehmcal results can be obtamed
1 a conditron which eauses a great deal of heartbreal and distress
namely stenlity and in which even the partial successes that have
already been made are of very great value \When I thmk of my col
leagues at the Rockefeller Institute doing marvels with senal ad
sorption and with sep of hy T feel that
1 want to rush nght back and tell them what a field they have n
which to put their apparatus to worh here in the human pitwitary
hormones

T have not heard m these three days a single paper which seemed to
e to represent a dead end 1n research Nobody has completed his
ownmmediate task and all I can say as & very grateful partieipant
15 that T wish the greatest success to all these workers along the hines
which they know best how to pick out for themselves

Young "Yve are very grateful ta you Dr Corner for your contn
butien 1 still Jook back with great mterest to your paper on the
hormonal control of lactation i 1930 (Corner G W (1930) dmer
J Physiol 95 43)

de Ulhoa Cintra As a climeian I have been very much mmpressed
with all that has gone on and I hope that better methods will be
developed for cimeal 10n and for physiologieal and func
tional pathology My hopes are that m the next expenments with
pitwtary hormones ~something can be done to find methods for
determmation and one hope 1s 1n mmunological processes because m
all proteins probably not only are there good antigens but also they
may have good specificity as far as being able to improve our methods
of finding hormones 1s concern

oung The unp of logy m these ) 15

one that has been well emphasized at this meeting and I am sure
that we shall see thus subject rapudly grow

dela Bole X would lihe that in five or ten years through the help
adviee and frendshup of people from different parts of the world we
may be able to do work sumilar to what they are domg now

A B Houssay I would Like someone to discuss the relationship
of gonadotropms to the adrenals As I suggested previously mn the
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Young Aswe begmn ths last general discusston I propose fo gne
an opportumty to members of the colloquum who have not pre
sented papers to express their views on any general question relevant
to the colloquium and to future research I shall call on them i turn

Corner As all here know I am not a recent worker m this field
To tell you how far bach n the past I belong I would say that I
think I was the first person m the A to percerve the lactog
effect of the pitwitary gland but fortunately before publishing my
observations found that I had been anticipated by two workers 1
Strasbourg who were the actual discoverers My only other role n
the piturtary field was an unsuccessful attempt fifteen years ago o
produce ovulation m monkevs with the pitwtary hormones then
available You can readily understand then that the opportumty
to histen to this colloquium has given me an overw helmmng sense of
the progress made by these research workers 1n the last few years

Prof Young stated i his opeming address that there are five
stages m the ordinary course of an msestigation of the endocrine
glands and X have heard papers presented here which touch upon
every one of the five The first one from our colleague i London
which T was happy to see was n the anatomteal field goes back even
before stage one for Prof Russell Fraser has shown us that i the
study of human pitwitary endocrinology the very first step surgieal
extirpation of the gland “still requires careful v estigation

The second stage that of crude extracts seems now to have beent
largely left behind although the other part of Prof Young s second
stage attempts to relieve the results of extirpation 1s of course In
active progress

The third stage that of chemical 1solation 1s well under way as
exemplified by many of the papers among the most notable bemg
that of Dr Harnis  As a guest participant here I should like to
express my admuration for the generosity of the workers m this field
1n supplymg, each other with these precious extracts This does not
prevail T regret to say 1 every branch of scientific research Ob
viously 1t pays to be generous but 1t must hurt at times to give up
even a few milligrams of something that has taken so long to work
up and which the mvestigator himself might equally well have used
I congratulate you on this attitude which obviously prevails over
the whole world among workers on human pitustary hormones Such
international co operation 1s much 1n the spinit of the Ciba Founda

302
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Answers to these questions require observations on changes oc
curring 1n the absence of the pituitary From many studies made in
hypophysectomized ammals we hnow some of the alterations in
carbohy drate and fat metabolism which can be attributed to absence
of the metabolic factors i some species but we have almost no
ecomparable information from human subjects In respect to the
normal role of growth hormone m protem metabolism 1n the adult
we know even less Recently we have obtained some evidence which
we think means that growth hormone does assist i the mamtenance
of body tissue 1n the adult amimal The young adult rat mamntamed
on & normal diet loses large quantities of mitrogen m the first few
days after hypophysectomy Ths loss can be prevented by treat
ment with small amounts of growth hormone but not as yet with
anythingelse Itwould be very difficult to mahe sumilar obsers ations
n the human subject 1 hnow but I would be mterested to hear of
any obsersations made n patients hypophy sectormzed surgeally or

diologreally or in hypor ary subjects on changes either m
Pprotem metabohism or 1n earbohy drate or fat metabolismm  Of course
to mnterpret the findings ;n hvpophy sectomized ammals or patients
observations on effects of punfied hormones remain essential but
1t1s possible that the hypophy sectomized subject has been somewhat
neglected as a source g{‘})lfmformatmn 1 thus area

Mahinow 1agree with Dr Corner that it 1s verv difficult to offer
suggestions to such a fine assembly of able endocrinologists whohave
contributed so much to the advancement of therr disciplines  Never
theless as a cardiologst I would like to draw your attention to
some of the many problems which ymght still greatly benefit from
co-operative studies

Atherosclerosis for instance 15 apparently related mn the human
to functioming gonads since coronary artenal disease 1s by far more
common n men than m women and this difference tends to dis
appear after the menopause (Malmow M R (19a6) Ctenc e Incest
12 395) Expenmental atherosclerosis too can be presvented or
made to disappear by oestrogen therapy (Malmow M R (1960)
Acta physiol lat amer press) and this may be mediated through
blood chemcal changes as well as through direct effects of the hor
mones on the vessels (Malmow M R (1960) Curculat Res 1n
press) Furthermore the endocrines may also control blood clotting

factors at least in the rat (Gilman T and Naudoo S S (19.8)
Endocrinology 62 92 Torres 2 N Malmow M R and Mirochmk
L (1928) Unpublished data) and this 1s another mechamsm which
could perhaps infl artenal ocels End. control of
blood Iipids ean also be probably related to ath i

Another subject that needs clanfication 1s that of the endoenne
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discussion T am interested to hnow of your experience of the action
of gonadotropins upon human adrenal glands 1 am very happy to
take advantage of the generous offer of Prof Wilhelnu m our hypo
physectormized rats with adrenal fumours the cestrus disappeared
after hypophysectomy and came hack after gponadotropms were
admunstered “and I would Iihe to recerve from Prof Vilhelm some
FSH and LH mn order to study the separate mfluence of both fartars

Rodriguez Weare very grateful for the great help that someof you
have given us 1n providing us with some of the more or less pure
fractions from the prtmitary gland

My field of research 15 related mostly to carboly drate metabohsm
and we have secn that some of the hormones from the pitmtary
gland have drbetogente action snd some have not  Workang with
forced fed slloxan diabetie rats with partially pancreatectomzed
dogs cats pigeons and turtles, end with normals we have seen that
growth hormone 15 the most potent dubetogeme agent from the
prtwitary pland  The second s prolactin the third s ACTH snd
ISH gonadotropins and the so called hormones from the posterior
prtwitary gland have no action n our tests In studying the action
of growth hormone we hase done a few expentments on the diabeto
genie and the growth promoting action and so far we have not seen
hormones with diabetogenic action without growth promotmg
action or vice tevsa and [ would hike fo hear some comments on this

Pearson It 1s clear from Listening to the papers that the need for
human pitwtary bormones for use s chnical medicne 1s & very
mmportant problem  Although our chemusts are doing an excellent
30b, 1 wonder if any thought has been given to the possibiity of
getting tumours of the pitwtary which produce excesstve amounts
of hormones to grow 1n tissue culture and thus provide a source for
the production of hormones Some attempts have been made
along thus line but I do not know if they have been suecessful

Ander on I should just hitve to say how much I hove enjoyed and
benefited from the privilege of attending this colloquum

Russell One central problem has come up here «s st always does
with any hormone and that 1< what 1s the normal function of the
hormone? With the tropic hormones of the pitustary this is easv o
demonstrate in human subjects as well as in amumals VW 1th respect
to hormone or to other metabolic factors of the piturary
however we have very httle nformation as ta what these hormones
sctually don for example normal adult men Vve know of course
that growth hormane 1s necessary for growth 1n the youn,, indry1dual
but does growth hormone have s function in the normal adult
ammal? Do the metabolie factors have any functions m the normal

animal of any age?
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Atna Iwouldonly say that Iam glad to have had the opportumty
to learn so much at this colloquum about the piturtary field m
which we are mterested 1n Santtago

Sonenberg Although there has been a good deal of agreement
about many of the brologteal and biochermucal effects T have noticed
at times that almost opposite effects were obsersed by different ex
penmenters  One pomnt that forme deserses re emphasis s that al
though we constantly think of the homeostatic mechamsms m
terms of the pitwitary 1o a target gland I should hke to remind
myself that there are other homeostatic mechamsms which are
operative 1n some of the end points that we are measuring This 1s
most apparent with blood glucose of course but some of the other
end points that we measure are simlarly controlled by other factors

Young Iagree with Dr Jane Russell that the normal fanction of
buman pituitary hormones 1s an important goal at which we are
aimung put 1t 1s clear too that we shall achiey e that goal by knowing
more about funetions of hormones which are more easily available
at the present time than human pitwtary hormones although human
pitmtary hormones will obviously contnibute to that end  We need
also to know much more about normal metabolic processes and the

fl of b on these p n the human being It 15
only relatrvely recently that we have begun to take biopsy specimens
and so to investigate metabolic processes 1 human tissues and the
possible mnfl of on these g

Tam surprised that m our meeting we have not heard more about
chemical and biologreal enteria of purnty of the matenals we have
been talling about~ This 1s always an waportant powmnt with respect
to matenals prepared from natural sources and particularly with
Tespect to proteins and peptides prepared in this way Though an
overlap of properties appears to exist between certamn protemn
hormones we sti)] are not certan m many wnstances whether the
materals prepared from natural sources are single entities Certamly
we wish to learn more about the possible methods for punfymg FSH
ICSH and TSH and also possibly prolactin Already growth hor
mone 13 bemng dealt with very skilfully n the hands of Prof L and
hus eolleagues and we know more about corticotropm as a chemucal
substance than about the other antenior pihwtary hormones that swe
have been discussing  Those of the pars intermedia which were con
sidered this morning have also been purified and structurally
analysed with the application of chemical entena of punty n s way
that 15 not possible with others Unfortunately the function of the
MSH s 1n the human betng 1s still a matter for discussion although
1 he were here Dr Lemner could tell us about an important mftuence
of MSH on Pigment production in shin mncluding human shin - The
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factors related to the problem of hypertension and of compensatory
hypertrophy of the hidney Testicular and thyrord hormones ean
modify renal growth (Braun Menendez E (1958) Ann wmiern
Med "49 717) and adrenal hormones are related to at lenst some
forms of artenial hypertension (Braun Menendez, E Fascolo J C,
Lelowr L T', Mufioz J M and Taqumni, A C (1943) Hipertension
artenal nefrogena  Buenos Awres  El Ateneo) In heart failure
dary hyperaldost: and d release of alcohol de

hydrogenase (Leiter L (1955) Bull St Francis Hosp (Reslyn) 12
1) greatly handicap the natural progress of many patients and pose
practical problems worth studymg Fimnally rheumatic fever and

llagen d are related to prtwitary and adrenal
cortical hormones and clirncal benefit ensues from their admunstra
tion to countless patients

These are but some of the problems which require clanification
The field 15 wide open and I hope that we may have some answers m
the near future

Gémez Mont I should hke to comment on some of our worh on
debilitated patrents i whom we have studied the urmary gonado
tropin excretion with reference to what Dr Lorame has sad
earber We have found that young undernourished women have
a low gonadotropin excretion when they hatve potentrally normal
ovaries Postmenopausal women usually have a very large ex
cretion of urinary pitwitary gonadotropins during the acute stage of
malnutnition

We have done the same type of studies on debilitated patients
with cancer of the cervix We have found that m postmenopausal
patients bearng this type of tumour, the urmnary gonadotropin
excretion 1s very low We find at the same time a large number of
cornified cells 1n the vagmal smear and urary excretion of oestro
gens  These patients have been submitted to ovanectomy and
occastonally we have observed an merease 1 the urmary gonado
tropin excretton after the operation A few of these castrated patrents
have been d to bl 1 ad ! and as arule they
show & marked merease n urmary gonadotropmns afier the operation
These findings briny me to two 1mportant pomts first there may be
an adrenal factor that can suppress urinary gonadotropins n patients
with cervical cancer the second pomt s that a simlar factor seems
to be responsible for supr g the urmary gonad excretion
1n young undernourished females  This factor can be of ovarrsn or
adrenal origm  Our findings do not support the hypothesis that
thus low urmnary excretion of gonadotropic hormones in malnutrtion
1s due to a primary piturtary deficiency in the claboration of gonado-

tropic hormones
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wmeludmg man and the spectes vanations 1n therr structures a new
ight may well be thrown on biological evolution This1s probably a
matter for long term consideration 1n the future

These are some of the general considerations that I have borne m
mind during the course of this meeting  No doubt there are many
other lines for development which you may care to suggest

Tuft Prof Young to bring up the question of the tools that are
available m metabolic research m humans there has been some
development m this respect duning the last ten years During the
mneteen forties metabolic study was confined to intake and output
of different compounds and calculation of the net balance In the
beginming of the mineteen fifties 1sotopes were ntroduced into
metabolie studies mamly 1sotopes of the electrolytes sodium

tass;um and bromide which made 1t possible for us to study shifts
m the electrolyte content 1n different body compartments During
this colloquium we have heard that we can include m our studies
estimations of metabolites of glucose and fat mn the peripheral blood
But I agree completely with Dr Russell when she says that what we
measure 1s some hind of sum total of what happens in the body and
that such data are very dufficult to mterpret

Iwould ihe to add another tool for metabolic research in thehuman
to the ones already mentioned For some speeial reasons we decided
to study bolic p m human dar tissue A techmg
wasdeveloped by Dr Ernster Dr Ikkos and myself for this purpose
Biopsies were taken from muscles m humans dunng operations
under general anaesthesia and under local anaesthesia  The tissue
was h d the hondria 1solated and washed The
respiration of these mitochondria was then studied The subjects
studicd were one group of patients operated on for non metabolic
disorders and three hypermetabolic patients  OF the latter group
one had a classical thyrotoxicosis one a thyrotoxicosis factitia and
one a seyere hypermetabolic state of non thyrord ongin  What we
found may be briefly summarized as follows ~ There were ronsistent
differences between the tno groups with respect to the extent of

P y control As exp d 1n terms of ! of respira

tion by hexohnase and glucose the respiratory control was much
higher' in the normal than mn the hypermetabole mitochondria
Similarly 1n the case of the adenosine tnphosphatase (ATPase)
activity” a mean stimulation Ly dmmtrophenol of about three to
fourfold was obtamned in all normal cases whereas the stimulation was
threefold i one hypermetabohic case and less than twofold in the
Temaming three experiments Inaddition normal phosphate/oxy gen
ratios could be obtained in mitochondria with a markedly lowered
respiratory control
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funetion of prolactn i the human being and particularly mn the
adult male 1s a matter which we have not touched upon at all I
would like to know, and I suppose we shall not hnow for some time
whether human prolactin 1s luteotropic 1n the human beng
We shall have to consider mn the near future and are already con
sidering m some mnstances the identification of human pitwtary
hormones in body flwds their 1solatton from tissues and body flnds
therr assay 1n blood and other fluds and the possible pathological
existence of abnormal forms of these hormones All this 1s clearly
ripe for frmtful devel In that we need to develop
methods of biological assay which are satisfactory for human pitwt
tary hormones and for this purpose I wonder whether at some stage
we shall not have to consider the setting up of nternational
standards of hormones from the human mtuitary gland smee bio
logical eomparisons with } dards of d. species
may well be misleading
Dr de Ulhoa Cintra empl d the value of logical studies
in hormone mvestigation and I certamly support that view myself
particularly with respect to hormone assay and in the investigation of
hormones and their relations in body fluids and tissues generally
We have not discussed very much although we have touched upon
1t the relatronship between placental hormones and pitmtary hor
mones The placenta 1s a tissue easily available in large amount and
possibly of value m yielding hormone active matenals which war
rant mvestigation As I suggested in my openung address we are
now within sight of being able to study the pharmacology of some
piturtary hormones the effects of vamation mn cherrucal structure on
biologmeal activity a subject on which Prof La touched Durmng the
next ten years we can confidently expect the production of many
non naturally oceurnng peptide hormone structures the biological
activity and possible usefulness of which will be of great interest
Another subject for further mnvestigation 1s the mhibrtion of
human pituitary hormones by antagomsts artificial or natural
nvestigations on the control of therr secretion may well relate to
this Concermmng the mechamsms of action of human prtwitary
hormones mvestigations un titro and +n vizo will both be extremely
mportant We shall ultimately wish to know much more about the
processes mvolved in the brosynthesis of human pitwitary hormones
and how 1t 1s that the human pitwitary gland can apparently produce
a large amount of protemn hormone as 1t 15 needed partrcularly
growth hormone The catabolism—the breaking down of these
pituitary hormones in the human body—is also clearly a matter for

further mvestigation
By the tume we know more about hormones mn different spectes
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There seems to be a second area where the pathway may be upset,
These studies ere only very prelimmary and I mention them simply
because 1n Dr Luft's hands 1n the normal he showed very little
change n these parameters whereas I think that if you study 1t
1 the hypopitwitary patient or m the diabetic you may well be able
to demonstrate changes
Wilhelmi Prof Young spohe of the possibility of exploiting the
placenta as a source of prtwitary h or pituitary h
analogues We had this notion some years ago and made an attempt
to extract human placenta by the origmal procedure which had been
used for pitwtary growth hormone As things went along 1t seemed
very prorusing because at the pomnt at which we obtatned very ruce
erystals from the pituitary we also obtained a very mice erystallme
P from "the pl This prep was compll
nactive as a growth promoting substance  We have not taken this
problem up again but i the hight of our experience with other
methods and with human tissues I think perhaps we might resume
the study of the placenta as a possible source of growth hormone
Incidentally 1t may be possible that since the placenta 1s at a region
m which an mtensely growing mdividual 15 growmg withm another
mdvidual there may be a need for regulation of growth at this site
so that the substance which we precipitated whch was not growth
promoting might well be worth studywmng from the standpont of
whether it could be growth inhibiting “This 15 another notion which
we hope to pursue m the near future
Young My colleagues at Cambndge and I have also made
attempts over the last few years to prepare growth hormone active
matertal from placenta The results were not so encouraging as we
had hoped We believe that there 1s some activity 1n placenta but
1t1s very difficult to punfy
Walhelm: One can male a very pessimustic caleulation the human
Ppitwitary s about 500 mg and a good human placenta 1s about 500 g
I the same quantity of growth hormone 1s all that 1s needed to be
hept in reserve by the placenta then mnstead of having say 5or 6
mg per pitwtary we have 5 or 6 mg J0 5 hg of placenta and a very
difficult problem of 1solation
Young Nevertheless the availability of placental material on a
l'ﬂ'geb;cale leads me to hope that ultmmately punfication will be
possible
Walkelm: 1f we can work out an efficient method of disposing of
the resduet
Lt Prof Wilhelmn I am wondering about your mention of the
growth promoting activity of the fraction that 15 not active 1n the
rat 1 have been quite mterested m this problem. I feel that one
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It was suggested by Lardy that the respiratory control of the mito-
chondria may constitute the biochemical basts of thyrord hormone
action This effect has by some authors been mterpreted as a second
ary consequence of a Jowered phosphorylatrve efficiency, a deficient
complement of bound co factors (diphosphopynidine nucleotide) or
swollen mitochondria Such explanations have been eltmmated by
our studies

Y have mentioned this study because 1t demonstrates that it may
be possible to use human tissue for metabolie studies and that it roay
be possible to study metabolic processes at the subcellular level m
humans We are now extending our enzymic studies on human
muscle to melude the supernatant fraction after centrifugation of the
homogenate

Young Ths 1s indeed & proneer study and blazes a trail for much
future research

Beck Drs Dorothy and Philtp Henneman (1959 personal com
munication) made some observations on intermediary carbohydrate

bohsm mn panhypop y dwarfs receiving growth hormone
and as I recall they were able to show that immeduately after the
first ijection of growth hormone there was a prompt and simultane
ous rise 1 plasma unestenfied fatty acid urmary acetone totnl
Letones and serum lactate or pyruvate This would suggest rapid
fat mobilization the conversion of two carbon atom fragments to
citrate and therr subsequent utiization They were also able to
show mn hypop 'y subj that with continued admnsiration
of growth hormone the rate of disposal of the two carbon atom
fragments seemed to be much 1mproved because the urmary and
plasma ketones and acetone fell and although the unesterified fatty
acid levels declined they did not do so nearly as strikngly From
sbout the 5th to the 7th day of growth hormone admmstration the
« Lketoglutarate became marhedly elevated On the basis of these
observations Dr Dorothy Henneman partly m Boston and sub
sequently m our laboratory i Montreal has been studymg the mtet
mediary metabolites of the tricarboxyhe acid cycle m mature onset
diabetes and our data so far fall info two groups (1) Those nd?
viduals with mature onset diabetes who do not get mtrogen retentron
with growth hormone and 1n which you can find evidence of mhibt
tion of glyeolysis of very marked fat mobilization and also an m
creased production of tricarboxyhe actd metabolites (2) Those
with mature onset diabetes that do get anabolism you can show
evidence of depression of glycolysts and of fat mobilization by the
same criteria  Interestingly enough the elevation n the « heto
glutarate and m citrate winch fails to occur mn the diabetic Who
does not show an anabolic effect occurs in the diabetic who does




CEvErAL Discussion 318

various methods for showmng growth hormone activity in the pla

centa both at home and m Prof Li s laboratory two years ago It
was possible to show that there was activity 1 some atleast but 1
would suggest that the nmounts were extremely low Furthermore

the placenta 1s one of the worst organs to fractionate because when
ammals are used for assay and the preparations are not pure enough

the ammals get sich and cannot be used as test animals

W lhelini ~ Another topic which anses out of this colloquum 13
that the discoveries that we hate made about the human pitmitary
protems throw a deeper light on the necessity for studymng more
mtensively those proteins that are readily available At present we
are Iike discoverers around an 1sland  we know something about the
shores of the island but nothing of the mtenor nd 1t seems to me
that the solution of our present problem of plentiful supply will be

i ly the pl h 1 d of the non primate
hormones and the study of the modifications necessary to make them
effective n human subjects Don t you agree Prof La?

L1 This problem has interested me for years Ve have tried to
modify beef growth hormone with chymotrypsin and there 15 some
indication that one of the active fragments after digestion with
chymotrypsin 1s active n man The climcal experments were
camed out by Dr_Peter Forsham and co workers in San Francisco
(Forsham P'H L: C H Dilmmondo V C Kolb F Mitchell

and Newman § (1958) Metabolism 7 762}

Raben Two points related to immunologieal constderations Prof
Russell Fraser ashed Dr Read whether any other preparation of
growth was y for the l ! p d
he had used for measuring growth hormone 1n blood L1 and Iayas
hda have published that Lis beef growth hormone produces
antibodies to bovine globubin and bovine prolactn as well as
to the growth hormone (Ia C H and Hayashida T (1958)
Endocrinology 63 487) 1wondered whether lus human preparation
does that 1n wlnch case 1t would be impossible to usé 1t for this

purpose
The other immunological pomt that I was curous about was
mentioned by Dr Gemzell 1e that ammil FSH piven to human
subjects produces antibodies which then react with human FSH
Tt1s an important point for future work on assays to inquire Whether
this has been nigorously demonstrated
Gem.ell The work I referred to was done in Copenhagen by
Qesterganrd  He was able to show that vanous ammal preparations
I think he was mamly w orhing with pregn it mare serum) of gona,
dotropin could produce antihormones 1n man and that these ant:
hormones could actually be isolated and when injected together
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must look mto the activity of a fraction 1n other ammals as well as
Just 1n rats or mice  To me this 15 one of the endocrinological prob-
lems that look very exaiting  As I mentioned already for mstance
a mammahan ACTH 1s active 1 270 1n stimultbing the adrenal
gland to prod 1d; Carst H Burgers A CJ and
L1 C H (1959) J Amer chem Soc 81 4109) We have also ob
served that beef growth hormone 1s active n atro as the ovulating
agent n the tree frog Rana pymens (Burgers A C J andLn C H
(1960) Endocrinology n press) Vhen fragments of the ovanes of
the tree frop were soahed for 24 hours at room temperature m a
hormonal solution m 1 concentration of as low as 50 ug /ml of Holt
freter s solution the growth hormone was found to be quite potent 1n
mduaing ovulation  Thus I wonder whether the frachons from the
placental tissue should be tested m other species It mught be very
interesting

Y oung That 1s 2 good pomnt Prof L the problem of the species
one chooses for biological tests 1s of great importance To punfy
something active m the human bemg I would naturally choose not
the tree frog but the rat I imagme that one would try to go up the
evolutionary seale rather than down

W alhelmy” Thank you very much for the suggestion Prof Ln
Smce I have run mto the question of speaifieity, 1t should have
occurred tome Iwould ike to add a hitle to the story of spectficity
Dr Grace E Pichford who has been collaborating with me in the
worh on fish pituitaries and the response of fishes to v artous growth
hormone preparations has now had the opportumty to study the
effect on grow th of hypophy sectomuzed fundulus not only of boyine
growth hormone but also of sheep monkey and human’ as well as
fish growth hormone  Sheep growth hormone 1s as effectrve as bovine
growth hormone very active Monkey and human growth hormone
are only about one sixth to one eighth as active although m the rat
they are at least as potent as the sheep preparation So now we
have the fish responding to 1ts own spectes of growth hormone to
sheep to bovine and very mefficiently to monkey and human
growth hormone Whether this has some relationship to the shght
trace of cross reactivity which Prof Read has observed between fish
growth hormone and the human antibody remains to be looked nto
further

Gemzell 1 have been working on the growth hormone content 1t
the placenta for many years and mv colleagues and I were able to
show five years ago that the placental blood was high 1 growth
hormone activity and at the same tume the perpher blood of the
women was low or not measurable (Gemzell C A Heyhenskjold
F and Strom L (1055) J chn Endocr 15, 537) I'have tried
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15 the bosynthesis of prhwitary polypeptide hormones It would
obwiously be difficult to undertahe studies of this kind mn the intact
animal and I should le to know 1f 1t 1s possible to grow mtwitary
cells in tissue culture and 1£50 whether one could keep on producing
hormones long enough to obtamn quantities which would be suf
fierent for the application of chemical methods to the snvestigation of
mechansims of biosynthesis and to look for interrelated pathways in
the g\mnlhcm of the vanous hormones whach are present in the

glan

Walkelrs 1 can add a little to this Dr Willlam McLimans who
until recently has been at the Wistar Institute and has now come to
the Communicable Diseases Centre in Atlanta has been working on
this problem for some years He has a very ingemous method for
culturing human pitwitary cells i free enlture where each cell 1s a
single cell He has devices which when evervthing works well
would enable lum to culture cells at such a rate that he could pro
duce perhaps 50 g of such cells per week However thus 1s still i
the pilot stage  Only recently has 1t been possible to begn the study
of the biological activities of such cultures These studies are so far
ineompiete At present the mformation I has e seems to suggest that
the activmity which 15 unequ ocally present 1s ACTH In view of the
fact that there 1s a great deal of ACTH 1n the cells the question of
how true the assays of other sctvities particularly the growth
activity may have been 1s still a pomt of doubt So there 15 2 little
hope that & method of bologneal culture of a eIl hine may be worhed
out on a practical basis and permit the production in reasonable
quantities of some of the activities  So far the cells winch seem to
grow well in thus particular line of free culture are cells whichhavea
very mce granular character and appear to be largely acidophils
there does not seem to be 1n the culture anv of those cell types which
are associated with the production of gonadotropin ar TSH In the
fong run one may have to look out for the purture of particular cell
Iines that are speciahizing n one or other of the active principles or
the conditions of culture—~which I think mav be qute mportant—
may have to be altered n order to induce the cells to change their
wode and 1o concentrate on one or other of the hormones

And. e have hished g Iike that by trans
planting mouse hormone producing tumours mlo cther mice Ve
hate transplanted tumours which produce TSH and hav e hars ested
:uz;:nwd supply of it This has also been done with ACTH produeing

ours

Raben T have had the opportumity of testing one hne that was
Supposed to have produced ACTH and I could not find any bio-
logical activity
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with the gonadotropins in rats mhibited the gonadotropin effect
{Oestergaard E (1942) Antigonadotrophic Substances Copen
hagen Munhsgaard)

Sonenberg Dr Raben I have a recollection of something which 1s
non ngorous with regard to TSH  When beef TSH was admmstered
to h this was ongnally done to late the uptake i
patients with thyroid carcinoma who were to be treated with 31—
there was mitially an merease and subsequently not only was there
no increase but the uptake decreased below the imtial levels This
was observed by a few people and was interpreted to mean that there
Was cross reaction with the patient s own TSH

Raben There might be alternative explanations for that

Anderson I should like to confirm what Dr Sonenberg has just
said Back m 1931-84 when we were worhing with TSH beef TSH
produced antihormones 1n the rat which neutralized the rats own
TSH We demonstrated this by followng the basal metabolie rate
darly dunng continuous mjections of TSH At first the basal meta
bolic rate rose and as we continued the mjections after two weebs
the metabolic rate went down and reached a pomnt as low as that of
the hypoph: d rat On fi the anmals we found
that the thyroid histology showed marked mvolutions exactly like
the lstology of the hypophy sectomized ammal (Colip J B and
Anderson K M (1985) J Amer med Ass 104 965)

Beck Prof Li have you m the use of purified human growth
hormone preparations as an antigen or 1n the use of your modified
bovine growth hormone as an antigen ever seen cross reactivity with
other antemor pitwitary hormones such as you did with your
unaltered bovine growth hormone antibody studies?

Lt Tt 1s not cross reactive with hghly purified FSH and ICSH
we have not yet sufficiently pure prolactin to do this expermment

Dr Anderson could you conclude from your early experiments
that you have just described that beef TSH 1s identical with rat
TSH? We have sacrificed quite a few ml of antiserum to human
growth hormone mn the growingrat we thought 1t might be that the
growng rat stopped growing after injection of antiserum to human
growth hormone Unfortunately we have wasted about 50 ml of
antiserum to human growth hormone and the rats are still growing
Therefore we tentatively concluded that the human growth hormone
1s not the same as the rat growth hormone

Anderson From our study we had no night to conclude that beefl
TSH 15 1dentical with rat TSH but we did conclude that antibodies to
beef TSH which the rat elaborated reacted with the rat s endogenous

H
TSHarns A subject which to my knowledge has not been studied
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ovarian response So I propose that in order to get a umform ter
munology this factor should be called mterstitial cell stimulating
hormone rather than lutermzing hormone from now on

Lorawne Lentirely agree with Prof La s suggestion on termumology
At the second meeting of the  Gonadotrophm Club 1n B; b
m 1955 we decided that the term ICSH was preferable to LH
because 1t referred to effects observed m both sexes I should now
Iike to propose that the term LY hke for example such terms as
prolan oestrin and progestin should become of historrcal interest
only

Anderson What about follicle stimulating hormone 1n the male?

Russell Fraser 1would jomn the opposition with Dr Anderson on
this theme Tt seems to me that until we really have a more defim
tne name for this than just that 1t stmulates the mterstitial cells
there 15 no good reason for changing from two letters to four You
can if you wish call 1t Leydig stimulating hormone—LSH—if you
find that preferable but why not call 1t for instance luteotropic? If
we really get to a proper definition of what 1t 15 we can make a new
name I feel there should always be an extremely good case for
malung a new name and an even better case for makng a longer one
out of an old name

Young I thought that Prof Lis pomnt was that the two names
exist and this situation 15 confusing would 1t not be preferable to
choose one name only

Russell Fraser 1 agree and I propose LH!

Lorane X thnk the unportant pomt s that the term LH was
introduced mto the field at a time when the majonty of the expen
mental work had been conducted on female animals Now that we
know that effects i males are also produced 1t would appear Justr
fiable to use the term ICSH mstead

Russell Fraser But surely on that analogy as Dr Anderson said
you should change FSH The unfortunate thing 1s that ICSH was
ever mtroduced The name LH could still be used to mply thatitis
interstittal cell stimulating hormone There should have been an
extremely good case for changing the name many years ago I feel
and there never was

Valhelim 1 think we are very fortunate You will recall that in
the field of nutrition one finds many factors by using a whole range
of different animals end plants and one can obtam the same sub
stance which will activate one system do quite another thing in
another system and then finally when the chemical charactenza
tion 15 ultimately made one acquires a chemical name for the sub
stance So there they have a far more complex problem than we do
T thiok that as far as the sssue between ICSH and LH 15 concerned




316 Genvrrar Discussiov

Pearson Dr B Ray has suppled some pitwtanes from sero
megalic patients to Dr K Thompson of the Organon Company Dr
‘Thompson h1s been working on the problem of trying to grow these
tumours In tissue culture I believe that he has had some suceess m
mamtaning these cells 1n 12tro but I do not know whether they pro
duce hormones

Harres 1 had been thinking 1 particular of the  corticotropin-
MSH  system The strihing sumilarities i chermeal structure
which exist between corticotropins and MSH s suggest that they may
be synthesized at least m part by a common biosynthetic mechan
1sm It 1s also possible that hormones are imtially synthesized m the
form of biok lly mactive p lecules’ which are sub
sequently actrvated m the gland by processes which are <nalogous
to those which produce active enzymes from their zymogens Smce
our methods of 1solation usually mvolve following the purification
of & particular biological activity mactive precursor molecules of
this type could well have escaped detection

Sonenberg Dr Leon Kraintz at the Rice Institute m Texas pub
lished a thests on the biosynthesis of %S labelled prolactin ustg
5 methionine and characterized satisfactonly the biosynthetic

1 o h 1 teck This was done with tissue

P Y phy q!
slices but X do not know 1n what species

Young At vartous times during the colloquum the question of
the termimnology of pituitary hormones has arsen and I suggest that
this 1s a subject e might possibly profitably spend a few mmutes
discussing at the present time

L1 Perhaps 1t 1s appropriate to suggest here that the terms LH
and ICSH are somewhat confused 1n the hterature Historically the
flrst discovery of thus factor svas made by Hisaw and co wworkers i
1931 (Fevold H L Hisaw F L and Leonard S L (1931) Amer
J Physiwol 97 2) They designated 1t lutermzing hormone because
they found 1t to be active n the female rats with which they worked
Lafer the Californian group found 1t to be active m stunulaing
interstittal cells m both female and male rats (Cvans H M Simp
son M E and Pencharz R I (1937) Cold Spring Harbor Symp
guant Biol 5 226) consequently the term ICSH was introduced n
1987 Since then the two terms have been interchangeable until
recently when the belief has arisen among some mvestigators that the
ICSH and LH are separate factors I think that this 1s unfounded
they are the same substance T wonder whether this conference
could standardize the termmology for this factor stnce now one
speaker calls 1t LH and another ICSH I personally prefer (smce
T came to Californta) ICSH becauce 1t 15 appropriate for both male
and female ammals whereas luteimzing hormene implies only
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really acts as a general metabohe hormone I would hate to callat
MH "although I would really prefer the term metabolic hormone for
growth hormone because that would agamn catse confusion with
mammatropic hormone Somatotropin 1s much easier not only for
Englsh speaking peoples but also for those speaking other European
languages

¥ slhelm: The growth hormone bas asyousay a protemn character
—s0 we could call 3t PH! With respect to the other metabohe hor
mones such as prolactn these too may not be named quite precisely
We call prolactin o because 1t 1s related to lactation or at least to
mill production but m the fish eg in fundulus this hormone
assists 1n the adjustment of the fish to the freshwater environment
and that 1s quite a dufferent function from that which we have
assigned to it by name We shall always have this difficulty until we
can come to the umt of action which may be common to all mam
festations of the hormonal effects As far as the gonadotroptns are
concerned Dr Anderson has mtroduced a real difficulty and I
would suggest that we ought to go back to very simple terminology
andeall FSH G1 and ICSH G2 for the fime being then there
would be no posstbihity of confusion

Anderson _May 1 just plead for the preservation of historical
monuments for the benefit of those of us who have Inved through this
Pltwtary age and have watched first the appearance of LH on the
scene and then some six years later m another laboratory that of

Russell Fraser This 1s a problem that the mere physician runs mnto
Pethaps more often than the biologist 1e the question of names
Until we can get to the stage where we can define exactly what a
disease1s 1t nught as wellbe Mr Smuths disease  and I thunk we
chould regard the names that hase been given to these hormones 1in
exactly the same light The growth hormone was first chrstened
growth hormone and I feel we should regard that term as quite
established until 1t can be defined m terms of what 1t 1s chermeally
and the exact action 1t has on the cells as has been smd I would
Suggest that if we are trymg to introduce some agreement tnto a
arge number of places then we might concede a pomnt to Prof Ln
over the ICSH because of the confuston which he suggests LH does
mtroduce if he would concede the point about 1gnoring somatotropin

Ly Mr Charman let us consider the question of ICSH and if
Prof Russell Fraser agrees we shall not discuss growth hormone

Young We should not forget the student who has to learn a
Rumber of names and letters m this connexton and 1f some smply
fleation could be effected 1t would be of great advantage to him or
her T do not think thus question of nomenclature froubles the
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there 15 one possible pomt of confusion which Prof Russell Fraser
madsertently brought up and that 1s with respect to luteotropm
which would ordmanly be designated LTH mn our alphabetical
scheme nowadays but which oceastonally 1s rather loosely referred
toas LH This s confusing and 1f LH were dropped from the prcture
this confusion would no longer amse  As far as the other confusions
are concerned that 1s simply a matter of 2 quick synaptic transfer
and one can recognize LH and ICSH interchangeably with no strain
I am not n fav our of changing the name just for this reason but we
have a shght disagreement on another basis Some of us eall growth
hormone growth hormone and some of us call 1t somatotropm I
still call 1t growth hormone because I think somatotropm says at
once both too much and too hittle In lme with Prof Russell Fraser s
argument again we are faced with a hormone about whose actions
we do not have a perfectly clear picture nor any defimte knowledge
and calling 1t pm may be decidedly premature The non
committal term growth hormone 1s still m spite of Dr Grosss
powerful argument a better term because 1t leaves the whole
situation open until the tune comes when we can say * this hormone
does this and so let us call 1t something related to this precisely
The same thing apples with respect to ICSH or LH

L: ICSH and LH are not new terms  The latter was mtroduced
1n 1931 and the former term 1n 1937 and since then these two terms
have been n use mterchangeably It 1s now 1959 and this might be
the proper ttme when as Dr Loratne has pomted out we know s0
much asout the ICSH action in both the male and the female for us
to confine ourselves to one smgle term mn the hterature—not to
adopt a new term but sumply to adopt one of the terms now 1n usé
for the same substance Another pomt of confusion as Dr VWilhelmt
pomted out 1s the luteotropic hormone LTH sometunes also called
lactogenc b or quite frequently LHn the hiterature Thus
1 order to el this possible between prolactm and
ICSH, 1t would seem to be appropnate for this conference to agree
upon the designation ICSH for the gonadotropm With respect to
growth hormone there 1> another problem involved Dr Paul Weiss
{1955 In The Hypophyseal Growth Hormone Nature and Actions
p 8 eds Smuth R W Jr Gaebler O H and Long C N H New
York McGraw Hill) mentioned that the definition of growth 1s dif
ficult There 15 no doubt that the name growth hormone 1s & very
dramatic name but we do know also that the molecule scts not onty
as a growth promoting agent—promoting body weight inerease or
tibial or other bone growth—but that 1t does many other things
even scting as & gonadotropmn as an ovulating factor m the frog 1t
also stumulates the ventral prostate and the uterus and in short
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but the name of the species itself That mght be the best way to
start

Is Another problem in the case of growth hormone 1s that it 1s
sometunes modified into another form that s still biologically active
‘Then you need a subscript—e g for bovine growth hormone » o,
and 3 —to indicate the three different types

W athelm: You could designate this parenthetically

* £ * - -

Young 'To conclude thns colloguum I should like to say a few
general words  To the contnibutors I say—thank you very much
mndeed for being so clear and for Lecping to your tumes so accurately
To all the members of the colloquium I say—thank you for spealung
so freely and easily and for providing such a Inely discussion and
to the members of the audience I say—thank you for not spealang!

BORLY POITIARY~11
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members of o conference ke this—we all knew what the symbols
mean—but there is the problem of the man who wnites the tetbook
and the student who has to lrarn from )t This 15 o semous protlem
but I am nat surc that this confe 15 one that is competent fo
scttlet Would anyone like to propose a resolution m this connexion
so that we might discover 1f we could ndopt anvthing by o sub
stantial majonty ? Would anybody propose that we record mn the
proceedinps of this colloguium that in the view of its members, the
term ICSH should henceforth be used mstead of LI with respect to
one of the pituitary gonadotropins?
Loraine “Y¢s 1 propose that
It X second the proposat
Young The mobtion has been lost by ten votes to nne  On the
basts of the majority of ane on tlis occasion do we beheve that we
coflectively have an opimon that is worth recording?
Ln 1 {eel that ten to nine 1s not sullicient to o errule the minontyl
Russell Fraser May 1 mahe exaetly the same proposal 1¢
this meetiny would like to record its hope that in future the hormone
known as grow th hormone be referred to as growth hormone rather
than as somatotropin
W alhelms 1 second that proposat
Young That motion 35 carned by 16 votes to 6 That 1s a sub
stantial majonty
¥ slhelniy’ Another question of nomenclature might be well worth
considering now  Prof Laand I have discussed tiis in the past and
he hes rased the pomt m relation to ACLH nomenelature (11 € ¥
(18.9) Scrence 129 969) This 1s now becommg acate with respect
to grow th hormones of different species of anumals 1t would be wise
it we could decide on some system of designation of the spewes of
ongn of & gnen growth b 5t It has d 1o
me that one ought use a subseript letter e g o forovine 3 for bovine
¥ for poremne ® for equune T have used the subserspt us for human
relating to homg seprens but others may have a different prefurence!
Young Jnmy view O stands forox? Surely 1t1s the animal and
not the meat that comes from the antmal that should be the adjec
tive to define the glnd
It When you talk of bovine do you mean a small capstal B ar
capital B?
Walhebn: Subscnpt small capital B 1e GHy
T+ A question thit has always bothered me 1s whether vou should
use ovine or bovine  Ovmne 15 from sheep and bovine 18 from the 0%
hut m prmcxgle I agree with you
Young There are gowng to be so many species to conmder 1
fume that one will have to use nat a single letter i the subscnpt
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