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Introduction

In this volume are ded the plete p di of an mnternational
symposwum The Hypoplyseal Gronth Hormone Nature and Actions The
symposium was held at the Henry Ford Hospital on October 27 28 and 29
1954 and was sponsored jointly by the Hospital and the Edsel B Ford In
stitute for Medical Research with their respective staffs It was the second
1 a series of such meetings inaugurated by Dr Robin Buerki Executive
Director as an impetus to progress in the basic medical sciences The first
of these was held 1n 1953 and its proceedings were published by The Blakis
ton Company Inc i 1954 under the utle of The Dynamics of Virus and
Ruchettsial Infections For the 1955 meeting the subject Enymes Unuts of
Biologieal Structire and Function has been selected by the jomt staffs of
the Institute and Hospital

The symposium on the growth hormone was attended by 300 persons
from laboratones and institutions in Europe England South Amenca
Canada and throughout the United S(ates Among them v.erc representa

tives of many discip bio

logists and m endocrinology
animal husbnndry and climical medicine not to name them all This broad
representation had much to do with the unquestioned success of the meeting
Regardless of its ultimate value the symposium was 1n certain respects a
notable occasion This was apparent to those who realized that the emg
matic pitustary growth hormone had been under study by one full generation
of mvestigators and that present at the sympostum were all the scientists
with few exceptions who had been intimately concerned at one time or
other with this most elusive of the pituitary hormones It was 33 years ago
that J A Long wnd H M Evans detected growth promoting activity n
crude extracts of the anterior hypophysis Shortly thereafter the series of
experiments by P E Smith began defiming the vanous functions of the an
terior pitmtary and the pursuit of the growth promoting factor had begun
Closely following these developments was the first of the many important
observations of Houssay on the relation of anterior pitwitary action to dia
betes This 15 not the place to review the history of antenor lobe physiclogy
nor 1s 1t adequate to highlight just certan milestones along the 30 year road
of scientific effort However for those who were familiar with the historical
background 1t was a memorable expenence to have wrtnessed the jomt par
tictpation of such eminent investigators As 1s apparent from the list of
partictpants on page v of this volume two sclennsts were conspicuously
absent The reader und will have 1d d them as Herbert M
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vin INTRODUCTION

Evans and F G Young Dr Evans was to have addressed the symposim
following the dinner on the first evening and to have remmisced on the past
30 years or more of mvestigation 1n the field of the pituitary hormones A
temporary illness forced him from participatmg Dr Young was fulfilling
long standing commitments 1n South Africa at the time of the meetmg but
Tus laboratory and philosophies were ably rep d by s , P J
Randle At this pomt 1t 1s appropriate to mention the contrnibutton to the
symposium by Alfred H Washburn who addressed the symposium mem
bers and many of the hospital staff following the dinner on the second might
He summartzed certan of the impressive number of observations on pat
terns of human growth that he has accumulated over the past 20 years

A few comments about the programming and sympostum operations are
warranted masmuch as these are reflected closely i the format of the
present volume As will be noted the symposium was divided nto 5 Parts
and between some of these there 1s an apparent overlapping of headings as
for example m the subject designations of Part II and IV Each 1s con
cerned with the growth hormone effects on certain structures yet 1t should
be apparent that effects on morphology 1s for the most part the essential
toptc of Part II while the mechanism of action 1s the main theme of Part IV
Another reason for the apparent arbitrariness of subject groupmg was the
desire of the Program Commuittee to devote one full day to the extensive
material on the major metabolic actions of growth hormone (Part IIT)
This meant some division of other areas of study which might have been
grouped under one heading It will be apparent to the reader that the large
amount of research concerning the action of growth hormone on the mam
mary gland warranted assigming this materal to a part which would permit
an uninterrupted consideration Inasmuch as the data on growth hormone
effects in man were quite hrited and smce much of the work both m this
area and m respect to the mammary gland was appled or clinical research
1t was decided to combine these mto Part V

Ths volume was prepared for publication with the view that the recorded
data methods and speculations pertaming to this accelerating field of re
search should be passed on without delay to the many readers anticipating
its release In order to accomplish this 1t was decided that all contributions
to the symposium naving been carefully recorded would be revised by one
editor and that the material would not be submutted to the respective speaker
or discussor for his own revistons Obviously thrs mtroduced the consider
able hazard of musinterpreting the thought or data which the contributor
actually mtended to present particularly in the designated and general dis
cussion periods This 1s mentioned i order to free the participants of any
Tesp bility for the misimter which may have resulted Likewise
proofreading was the sole responsibility of the editors and the authors
should be relieved of criticism for any errors 1n the publication of the manu
scripts
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Considerable importince has been attached to the discussion periods
which followed each group of papers With few exceptions a designated
speaker initiated the discussion pertod either presenting data and observa
tions from his own expenence or d the previous p All
mvited guests were encouraged to contnbute in the general discussion
peniod and all comments were fully recorded It 1s hoped that the reader
will devote equal attention ta the partions of the volume devoted to the gen
eral discussions Only certan brief remarks of the chairmen which con
cemed the mechanics of runming the symposium have been deleted

Finally it rmght be said that the symposium on the growth hormone did
not anse from circumstances which have led to many of the valuable con
ferences we have witnessed 1n the past few years Growth homone to date,
has shown discouragngly httle chimcal promise and the symposium was
pumanfy a meeting of mvestgators working m the basic bofogical and
medical sciences Possibly the status of the pituitary growth hormone 1s
about where corticotropin quietly rested 1 1946 1947 and 1948 prior to
the notable observations of Hench hendall and others which opened the
fioodgates to applied research and climeal tnals with corticotropin Al
though as this conference revealed there is litiie at the present time to
encourage the 1dea that growth hormone will be of similar usefulness
chintcal med heless this possibility 1s one that cannot be ignored
For the moment 1t will be rewarding enough to convince ourselves that
there 15 a speaific pitmtary growth hormone that 1t can be isolated intact
and 1n amounts which will permit extensive expenmentation and that 1t
does mamfest anabolic properties 1n man Perhaps our thunking has become

d d to the rapid bolie actions of cor pin and we expect
that growth h will induce diate and readily meas

ured changes If we consider the growth process we will appreciate that
even under optimal circumstances 1t proceeds at hmited rates Broadly
charactenized normal growth 15 a subliminal steady and wsuallv propor
uonate phenomenon The humts of our yardsticks must be heeded and 1t
would be artless sclence to expect 1n short term expenments quantitative,

or even \I e of lly occurning growth This sym
postum was held to sxft over the rapidly accumulating data to compare
(echmques of study to attempt a 1 of disturbing diff and
to new hes which day may bnng useful, to this

most intngmng pnunary substance

We wish to gratefully acknowedge the splendid secretanal assistance ren
dered by Miss Dorothy Rerd and Mrs Nancy Hasegawa and the enthusy
astic support gwven to the Program Commuttee by the admmistrative and
service departments of the hospital
RICHMOND W SMITH JR
OLIVER H GAEBLER
C N H LONG

Detroit Michigan
February 1955
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1

What 1s Growth?”*

Paul Wess
Rockefeller Institute for Medical Research New York

The vitation to give an introductory address to this meeting 1s a distinct
honor 1t also carries a mandate to set the phenomenon of growth in proper
persp before growth h Unf ly growth
1tself has received much less cnitical attention than have the agents for
which 1t serves as indicator and assay To put it bluntly growth 1s a term
as vague ambiguous and fuzzy as everyday language has ever produced
Adopted 1nto scientific language without precise and consistent meaning 1t
may be passable for ¢crude description but 1s 1ll fitted to analytical applica
tion Hence if you ask  Just what 1s Growth? the correct answer1s A
word that covers like a blanket a multitude of varnous thmgs and mean
mgs Toknow growth for what it really 1s rather than what we are wont
to call it we must remove that blanket and uncover the underlying facts 1t
has concealed This I propose to do 1n rudimentary sample form as time per
mits A close look at the facts will do far more for clanfication than would
a host of acad and

Our notions about growth have been shaped more by usage than by m
ciswve study they form a sort of screntific folklore As a result we find that
vanous groups while they all just planly speak of growth do not all
mean and talk about the same thing Thus growth has come to connote any
and all of these reproduction increase in dimensions Linear increase gain
m weight gain n organic mass cell multplication mutosts cell migration
protem synthesis and perhaps more It would seem inconsistent to apply
the most exacting standards of precision to our research data and then
proceed to mix into their descnption and interpretation such vague ter

* Research supported by grantsm ad from the American Cancer Society upon
recommendation of the Commuttee on Growth of the Natonal Research Council and
from the National Institutes of Health Public Health Service

-



4 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

mmology as this The mixture cin be no more precise than its vaguest
mgredient !

Then what 15 wrong? Why such diversity of views and versions? The
reasons lie 1n our unfounded expectation that growth 1s a single, simple
measurable entity In this conviction each of us has tended to deal with s
own limited aspect of the problem as if 1t were a representative sample of
lhe total perspective Yet far from being a single simple and umtary

growth 1s congl ate, complex and intricate and this 1s why
n defies formulation 1n simple terms What usually deceives us 1s the sim
plicity of our tools and terms of measurement which all too easily produce
the illusion of sumilar stmplicity of the measured systems

Just bear in mind how we get to know about growth by taking measure
ments at different times comparing them and noting a net gain—of size or
mass or numbers These serial measurements then define a growth curve
as descniptive of the particular system as let us say a fingerprnt—and
equally empirical This 1s the blanket under which a host of disparate events
lie lndden events moreover of opposite signs some adding to others sub
tracting from the measured body Since they are not all of one kind and
therr shares are unequal growth can be recorded but 1t cannot be under
stood without identifying these tributanies and determining their respective
contributions

Let me phrase this m terms of an analogy The body 1s a community of
cells each cell a commumty of smaller particles and each particle an
assemblage of molecular species Thus the proper analogue of brological
growth 1s the growth of a human community for example of a city Here we
rate as growth for instance any increase m population over a given interval
But a simple tally will not tell us how the increase has come about It takes
census data to give a more detailed accounting They reveal that additrons
come from two diff sources reprod from within and ymmgra
tron from without losses likewise from death as well as emugration The
results would be altogether different if mstead of just counting noses we
chose to include 1n our considerations the physical wealth of the community
that 1s the net gam 1n goods and estates produced by the members of the
population To understand 1ts sources would require running inventories of
raw matenals, production conversion consumption imports exports stor
age and wastage Moreover in either rechoning the data can have meaning
only m reference to fixed boundaries which divide what we count as

within from that which we count as  without

Now as we apply this simile to biological growth the whole indefimte
ness of our customary position becomes obvious First let us consider the
matter on the tissue level Suppose we note an increase in the number of
cells of a given organ What does this really tell us? As i the human popu
lation some cells have reproduced others have d still others have
been lost by shedding or disintegration the proportions and rates of these
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component events varymg from tissue to tissue The final tally—no more
than a crude balance sheet—discloses none of these details According to
Hamburger and Lev: Montaleim  for instance, abnormal enlargements
the early central nervous system formerly ascribed simply to  hyperplasia
that1s overproduction are partly due to the fact that fewer cells degenerate
rather than that more are being proliferated and partly to the fact that the
cell group bemg counted has received additions from an indifferent pool
outside the counted area Another shortcoming of plain cell counts is that
they 1gnore all growth of indvidual cells (e g hypertrophy) not followed
by division

1f then we tumn from cell counts to over all dimensions or total mass
we are on even weaker ground In terms of our commumity analogy we first
have to agree as to what 1s and what 1s not real property of the system we
measure or what has been acquired and what discarded during the meas
ured period Food i the alimentary tract 1s still distinctly out of bounds
even if stored for weeks as in a hamster s pouch But what of this mass once
1t has passed into the blood and lymph stream? Though strictly on the
mside 1t stifl has not become converted into substance of the body proper
Then what about the food stuffs stored in modified form for nstance as
glycogen or fat in liver or fat bodies? Their fluctuations up and down are
not conventionally considered growth and degrowth Why? Because we sense
that growth connotes some permanent addition and merely temporary
physrological variations do not qualify under this title

Then what about the wastes not yet elimnated? And the products manu
factured by our organs? Take hair or nais or even red cells—termimnal
products destined to be shed or otherwise eltminated In counting bodily
productions 1s 1t far to mnclude just those fractions which happen to be
present on the measured body when we take our measurements and leave
out all the unknown mass that has been similarly produced 1n the interim
but irretnievably lost? Evidently we ought to be consistent and either count
1t all m or all out neither of which 1s practicable We certainly would not
collect secretions such as shme urine sweat and sebum over a measured
period and add them to the growth record Yet we do customanly include
the bulk of cartilage and bone and other connective tissues which consists
of residues of cellular secretions just like those other ones but mecidentally
deposited mstead of extruded hence accruing to the measured mass Thus
what we measure 1s related not so much to the process of production as to
the accident of the disposal of the products If they persist we count them
if they drop out we miss them

The arbitraniness attached to our measurements ts about the same
whether we use total mass dry weight mitrogen content volume length or
whatnot as reference system It 1s even worse when we turn from the body
toits component cells The cell 1s bounded by a surface and we are 1n the
habat of aserbing any mcrease 1 the volume thus enclosed to growth But
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mnology as this The mixture can be no more precise than its vaguest
mgredsent ?

Then what 1s wrong? Why such diversity of views and versions? The
reasons lie n our unfounded expectation that growth 1s a single simple
measurable entity In this conviction each of us has tended to deal with his
own limited aspect of the problem as if 1t were a representative sample of
the total perspective Yet far from being a single simple and umtary

h growth 1s 1 ate complex and mtricate and this 1s why
xt defies formulation 1n stmple terms What usually deceives us 15 the sim
plicity of our tools and terms of measurement which all too easily produce
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Just bear m mind how we get to know about growth by taking measure
ments at different times comparing them and noting a net gain—of size or
mass or numbers These sertal measurements then define a growth curve
as descripive of the particular system as let us say a fingerprint—and
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Le hidden events moreover of opposite signs some adding to others sub
tracung from the measured body Since they are not all of one kind and
their shares are unequal growth can be recorded but 1t cannot be under
stood without rdentifying these trnibutanes and determining their respective
contributions

Let me phrase this in terms of an analogy The body 1s a commumity of
cells each cell a commumty of smaller particles and each particle an
assemblage of molecular species Thus the proper analogue of trological
growth 1s the growth of 2 human community for example, of a city Here we
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But a simple tally will not tell us how the increase has come about It takes
census data to gne a more detailed accounting They reveal that addttons
come from two different sources reproduction from within and immigra
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Now as we apply this simile to brological growth the whole indefinite
ness of our customary position becomes obvious Furst let us consider the
matter on the tissue Jevel Suppose we note an increase tn the number of
cells of a gwven organ What does this really tell us? Asn the human popu
lation, some cells have reproduced others have d stll others have
been lost by shedding or disintegration the proportions and rates of these
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component events varying from tissue to tissue The final tally——no more
than a crude balance sheet—discloses none of these details According to
Hamburger and Levi Montalei: 2 for mstance abnormal enlargements in
the early central nervous system, formerly ascribed stmply to  hyperplasia
that1s overproduction are partly due to the fact that fewer cells degenerate
rather than that more are being proliferated and partly to the fact that the
cell group bemg counted has recenved addittons from an mdifferent pool
outside the counted area Another shortcoming of plam cell counts 1s that
they ignore all growth of indinidual celis (e g hypertrophy) not followed
by division

If then we turn from cell counts to over all dimensions or total mass
we are on even weaker ground In terms of our communmty analogy we first
have to agree as to what 1s 1nd what 1s not real property of the system we
measure or what has been acquired and what discarded dunng the meas
ured peniod Food 1n the al y tract 15 sull d ly out-of bounds
even if stored for weeks as in a hamster s pouch But what of this mass once
1t has passed mnto the blood and Iymph stream? Though strictly on the
mside 1t still has not become converted mnto substance of the body proper
Then what about the food stuffs stored i modified form for mstance as
glycogen or fat 1n liver or fat bodies? Thewr fluctuations up and down are
not conventtonally considered growth and degrowth Why? Because we sense
that growth connotes some permanent addition and merely temporary
physiological variations do not qualify under ths title

Then what about the wastes not yet elimnated? And the products manu
factured by our organs? Take hair or nails or even red cells—termmal
products destined to be shed or otherwise elumnated In counting bodily
productions 1s 1t fair to mclude just those fractions which happen to be
present on the measured body when we take our measurements and leave
out all the unknown mass that has been stmilarly produced in the interim
but irretrievably lost? Evidently we ought to be consistent and either count
1t all m or all out neither of which 1s practicable We certanly would not
collect secretions such as shme urne sweat and sebum over a measured
period and add them to the growth record Yet we do customanly include
the bulk of cartilage and bone and other connective tissues which consists
of residues of cellular secretions just like those other ones but incidentally
deposited mstead of extruded hence accruing to the measured mass Thus
what we measure 1s related not so much to the process of production as to
the aceident of the disposal of the products If they persist we count them
1f they drop out we miss them

The arbitranness attached to our measurements is about the same
whether we use total mass dry weight mirogen content volume length or
what not as reference system It 1s even worse when we turn from the body
to 1ts component cells The cell 1s bounded by a surface and we are in the
habut of ascribing any increase 1 the volume thus enclosed to growth But
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water, electrolytes food stuffs and wastes pass 1 and out across that
boundary without revealing to the observer just when they lose their oniginal
small molecular 1dentity to become merged with the complex specific com
pounds of the cell or when they emerge agamn from decomposition of the
latter we thus cannot determine what fraction of a given ncrease to allocate
to protoplasmic synthesis proper and what fraction to substances that just
reside within the confines of the cell but strictly speaking belong to 1t either
not yet or no longer comparable to food and wastes in the alimentary tract
Then how should we consider the formed cell inclustons which vary accord
mg to each type of cell? Obviously the production of myofibrils which
accumulate withm the muscle cell thus adding to 1ts mass 1s not funda
mentally different from the production of collagen fibrils which leave their
cell of ongin—the fibroblast—hence do not enlarge it Conversely a fat
cell inflated by unextruded fat of 1ts own production cannot be compared to
a macrophage similarly dilated by fat from stuff 1t has engorged from the
outside Evidently the attanment of equal or unequal sizes as such can
give us little information about the 1dentity or difference of the underlying
causes of the enlargement

It 1s thus habit of cunﬁmng ourselves deliberately to a single parameter of
a hghly complex syst d then measuring all
changes on this single scale only which tempts us as I said before to con
found the arbitrary simplicity of our method with an mherent simplictty of
the object 1tself We are fundamentally 1n error if we prorate the average
over all changes 1n a complex system evenly over all parts of the system as
1f all of them took equal shares mn the result In doing so we commit an
act of mental homogenization as 1t were oblterating the organized com
plexity of the heterogenous events which are the very center of our imterest

To this we usually add a second and stmilarly unfounded simplification
whenever we consider growth rates We measure two comparable para
meters—let us say weight or length—at the beginning and end of a con
venient period divide the difference by the time elapsed and call the quo
tient growthrate Empinically this gives useful descriptive data But before
using these for analytical or comparative purposes we should realize that we
have agamm homogemzed 1n this case the time interval We have tacitly
assumed that during this iterval the bracketed change has been steady and
continuous Yet 1f the change occurred unevenly 1n spurts separated by
phases of quiescence any inference as to the hinetics of the system would
be misleading Two different systems can achieve the same amount of
growth increment m precisely the same period by wholly different means
the one by growing faster for shorter spells the other growing more slowly
but with fewer mterruptions or shorter lags

But this le also the clue to ov our
You note that the two systems just mentioned would become readily dis
tinguishable if they were pled at shorter mtervals that 1s by letting

d
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factual information replace supposition and extrapolation And this 15 a
lesson which cannot be overstressed Interpretations and companisons 1n
matters of growth will remain of Nttle value and validity if they are based
on over all generalizations instead of such detnled and panstaking sorting
and recording of the component events as 1s practically feasible Tally must
give way to detaded census There are mnsuperable hmitations set to this
census by our ignorance of cell life and the inadequate resolving power of
our tools but 1t would be unpardonable not to carry the analysis at least
as far as the objects and techmques would permit

Therefore turning to practical correctives let me indicate how a first
breakdown of the problem could be attempted Growth 1s the surplus accru
g m the balance sheet of a complex account Our task 1s to itemize the
accounting Here are some major 1tems In listing them I shall artificially
separate them as 1f they were consecutive steps while in reality you under
stand they proceed more or less concurrently (Fig 1)

We follow a system through a period of growth from A to G The system
may be a cell an organ an individual Now 1n the first place we must dis
tgwish within each such system between two major fractions—a reproduc
twe and a non reproductive one the former capable of giving rise to more
of 1ts own kind—more protoplasm 1n a cell or more cells 1n a tissue—the
latter merely dead bulk 1n pomt of growth—fibers granules and all sorts
of functional equipment 1n a cell or fully differentiated non proliferating
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cells 1n a tissue Their proportions vary according to cell type, species, age
and activity In our example, about 50% are assumed to be reproductive
as shown (stippled) in B During the recorded growth period this mass will
increase to the dimensions shown m C At the same time, however there
will occur some losses from degradation lysis, shedding extrusion emugra
tion and so forth These will reduce both fractions by the amounts indicated
mm D The resulting state E has larger mass than the imtial A You note
however that the proportion between the reproductive and non d
tive fraction comes out markedly altered In most cases this 1s then rectified
by the conversion of freshly reproduced protoplasm into stenle different
ated products as indicated in F As you can readily see this conversion
which drains the reproductive potential of the system 1s of crucral influence
on what we externally discern as growth rate In the end we find our
system 1n the enlarged state G The pont I want to stress with this diagram
1s that even assuming the simplest case namely proportionate growth the
result cannot be imterpreted to mean that all parts have taken part mn
growth let alone grown at equal rates or taken equal shares in the com
posite effect And nothing short of detailed study will tell the real story
This confronts us with a major task which we mostly dodge rather than
face dodge by attaching real biological meaning to such purely descriptive
terms as growth stimulation or depression rather than face by finding
out just w7y a given system, subject to certain agents turns out to be either
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larger or smaller than a chosen reference standard For this 1s all we usually
determine and yet we imply far more Just let us take for once a closer
look Let us return to the diagram of Figure 1 and assume that 1t represents
a normal reference condition Suppose we now doctor an identical system
with an agent let us say growth hormone that entails an even greater in
crease during the observed period (Figs 2 3 4) We sum up our observa
tion by stating that growth has been stimulated like an mnvested principle
that suddenly yields higher returns because the mterest rate has gone up
Yet greater gmin may come not only from faster earming through stepped up
production but also from reduced consumption or even from diverting
less of the workung capital to non productive uses These various possible
modes of action of our agent are illustrated in the remaiung diagrams m
which the left one of each pair of bars always gives the control data from
Figure 1 while the right one represents the expenimental case
In Figure 2 we actually let the velocity or intensity of reproduction be
mereased (from B to C) This alone naturally leads to faster growth but at
the same time 1t also modifies the distribution of reproductive and sterdle
mass (compare the two bars in F) which if uncorrected would distort the
whole growth pattern So even this seemungly simple change 1s not so
sumple as 1t seems
The second alternative 1s shown n Figure 3 Here we assume that our
so-called stimulating agent has simply reactivated part of the normally
quiescent fraction to become reproductive (1n B) thus recriting a larger
M o
gt
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source for active growth without however stepping up the growth rate of
the elements at all The target process here would be the converston of
reproductive mass to specialized products Reduce or retard this conversion
and you have the picture of growth stimulation

Lastly the same picture would be obtamned (Fig 4) 1f merely the debit
stde of the balance sheet of growth 1s reduced (in D) that 1s when there 18
less than the normal amount of destruction consumption and dissipatton

There are many further vanants of this complex account but these few
here will have served our purpose to show that the same net mncrease can
be brought about by a varety of unrelated means hence that companng
different systems or different agents on the sheer basis of net increases
observed may lead or rather mislead to quite graturtous mnterpretations
Perhaps 1 such cntreal illumination the term  growth hormone may
eventually turn out to have been overly suggestive

But to leave this critical and somewhat defeatist note what 1s there 1n the
way of positive information that could give sharper focus to the growth
problem? However fragmentary this mformation still 1s 1t begms to prece
together The tentative result may be summanzed i the following seven
theses

(1) The general common denonunator shared by all orgamc growth 1s
protoplasmic reproduction which mvolves the replication of those high
molecular systems n each cell that are charactenstic of the particular cell
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type and are compounded only 1nside of cells of that kind It 1s important
however, to make a clear distinction belween primary pmtoplasmlc repro
duction and dary elnt of p p All such cell
products including the fibers and ground substances whose deposits form
the bulk of most bodies are derived from protoplasm secondanly esther by
durect transformation or by synthesis with the aid of enzymes which
turn have onginated i the process. of protoplasm synthesis The current
shorthand habut of eq; d with proten syn
thests apart from by passing lhc non prolemaceous constituents of proto-
plasm fads to take this fundamental distinction into account For instance,
while such proteins as collagen or melanin cannot themselves give nise to
more collagen or melanin under any known conditions the protoplasms of
the fibroblast or melanoblast 1n thetr growth evidently multiply the chemical
hinenes that can h more collagen or melanmn Thus only a
fraction of the cellular protem 1s actually engaged 1 protoplasmuc reproduc
tion the rest 1s stenle but just what those fractions are remains to be deter
mined In the following I shall use the term  growth 1n the restricted sense
of protoplasmuc reproduction
(2) Growth in the indicated sense has uts sources not uniformly dis
tributed throughout the cell but is of localiced origin centering on the
nuclear territory The nuclear sourte of protoplasmic reproduction has been
deduced from cytochemical studies® and demonstrated by our own expen
mental studtes on neurons 4 The nucleated part of the nerve cell body 1ssues
continuously a fresh supply of neuroplasm which wicklike moves periph
erad in the nerve fiber to repleish basic protoplasmic systems at the
rate at which they are breaking down by ordinary wear and tear Evidently
although any reasonably large fragment of a nerve fiber can carry out com
plex bol and syntheses by virtue of 1ts enzyme content the
enzyme systems th ves cannot be reprodi ly but must be
furmished from the nuclear supply center Although even the matare neuron
maintams 1tself 1n a state of perpetual growth repewal not all somatic cells
can be assumed to retain this faculty Those that have lost 1t are destined
to die precociously and they can be replaced only from those reserves that
still have 1t In the epidermus for instance the squamous outer cells are n
the former state the basal cells i the latter A single neuron could be
viewed as comparable to a vertical column of eprdermal cells (the pert
karyon corresponding to the basal cell) m which cell boundares had
become obliterated
(3) The nuclear growth process u mumately related to perhaps en
dered by the lple of ch ! genes As a result cell
growth 1s closely associated with nuclear growth Accordingly haploid
nucler and cells with only half the normal complement of chromosomes
are of half the normal size whereas polyplold nucler and cells with multiple
sets acquire

P Y sizes Parenth
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there 1s by no means a binding relation between cell size on the one hand
and organ and body size on the other while haplord organisms are dwarfs
bechuse they are made of dwarf cells 1n normal number polyploid organs
and ammmnls often remain of normal dimensions as the grant size of their
cells 1s offset by the use of smaller numbers 5 Although ttue cell growth 1s
reflected tn nuclear increase the reverse i1s not always true, and nuclear
enlargement as such 1s not sufficient evidence of true growth but may be
sumply a sign of functional hyperactivity The two types of increase can
sometimes be told apart cytochemically as true growth 1s accompanied by
augmentation of nuclear DNA whereas hyperactvity 1s not ¢ DNA seems
to assume ever mcreasmg sigmficance as mndex of true growth 7

(4) Despite the fact that the gemc equpment according to current
thought 1s essentially the same in all somane cells mode and rate of growth
of each cell type are specific for that type that 15, neuroplasm begets more
neuroplasm myoplasm more myoplasm thyroplasm more thyroplasm and
so forth To deal with this matter which touches on the complex problem
of differentiation 1s beyond our scope here We mention 1t merely because 1t
reveals that gemic replicatton while seemungly the imtiating step n the
growth process 15 followed by chams of events the nature of which 1s deter
mined by the speaific constitution of the (extragenic) rest of the cell andin
this regatd the different cell types differ crucially Bestdes certain basic
prerequisites m common to all of them each type has its private needs for
mstance 1n tissue culture, one tissue will grow better i one kind of medium
while another tissue thrives better 1n another kind usually without our
knowing just why Understandably the more conspicuous common factors
necessary for all growth have received more attention Those basic to the
mamtenance of hife 1n all cells whether growing or non growing have no
particular relevance to the growth problem as such But up and above these
common prerequisites for hife are the special needs of growing versus non
growing systems and the differential needs of different growing systems
according to thewr kinds These include specific building blocks factors to
msure the proper physical framework for growth and perhaps separate
energy resources and enzyme systems to support growth 1n contradisting
tion to stationary Signs are g that the growth process
1s not a mere quantitative shift of the normal steady state between
anabolism and katabolism in favor of the former but a process of different
character sustained by auxihary biochemical systems dormant during states
of sheer maintenance At least this s a 1 g d by bol
studies on forms 1 which periods of mamtenance and growth are clearly
separated as in some msects ®

In view of the qualitative and quantitative differences between the growth
requirements of different tissues and organs we must concede to each one
1ts charactenstic chemical kinetics And this explains the followmng famihar
expenence
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{5) Gnen optimal d. bund. of all prereq and
freedom from actus e inlubitions each cell strain tissue and organ grows at
its own charactersstic rate This rate represents the maximum output of
which the particular system 15 capable (at a given temperature) It 1s a

ceiling rate and varies according to species genetic constitution kind of

ussue and organ state of differentiation and perhaps age It mamfests
atself for nstance n the fact that transplants between different species or
breeds of different growth rates if successful at all continue to grow accord
1ng to their native growth patterns ®

Now under normal conditions in the body tissues do mot grow at
ceilling rates This shows that conditions are not usually optimal for tatal
output either because of bottlenecks in the supply of some essential ele
ments which may be a matter of uming or of competition for lumted
supplies or because of suboptimal physical conditions or lastly because
of the presence of factors that actively repress or retard one step or
another 1n the reaction chain Now as you note any of these situations by
holding growth to a Jevel below its potential ceting gives the external

of an mhibutory infl and 1s likely to be so Iabelled Yet
bem::n them they have no more :n common than the vartous agents that
may cause an automobile to stall Reversing the argument any lessemng
of the effectiveness of any one of them may enable the system to come
closer to its optimal growth output and if so will give us the mmpression
of sumulation a more correct term would be  desinhibition  Some recent
work of ours strongly supports this view !® In the epidermis of starved
amphibians cell growth followed by mitosis can be evoked mn two different
ways (a) thronghout the skin by sudden feeding or (b) i a locahized
spot by fragments of certamn organs inserted under the skin The magmtude
of the umt response 15 the same for (a) or (b) alone and for (a) and (b)
bined This d the of a ceiing On the other
hand when the same agents are applied at any stage at which growth 1s
submaximal a new peak of growth activity appears which agam has the
height of the celling This evidently proves that these agents have acted
not by boosting the growth process by a given amount as would be the
of 1 but by rel the system from certain

depressive effects that had previously been 1n operation

Obwiously factors restraining growth by holding any of 1ts contributory
steps to a suboptimal Ievel belong to a great variety of categories and need
have nothing m common except their eventual effect on the growth result
Simdarly then the agents which offset these restraming factors thereby
reversing the net effect on growth are likewise manifold and varied One
nught thus question whether the search for over all growth stimulators
15 at all realistic and promusing

To judge from virus reprod the multspl of basic p

vnts presumably takes up no more than a very mmor irachun of the time
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needed for a given growth mterval, let us say, the mnterphase between two
somatic mitoses where according to the DNA 1ndex the crucial events seem
to be crowded toward the end ™' The rest of the time 15 evidently used for
processes preparing this crucal step as well as for the subsequent elabora
tion of differentiated products Since these vary from one cell type to
another any observable shortening of interphase—appearing as  growth
stimulation —is due more probably to the speeding up of some of the
prefatory or consecutive steps rather than of the crucial act of gemc
reproduction

(6) Growth and cell dnvision are often but not necessanly coupled
Present evidence indicates that in this correlation cell growth 1s the primary
event with mitosis then supervening facultatively In such cases and with
due caution mitosis may be used as index of preceding growth Even then
comparisons are difficult for m all cases in which only a fraction of the cell
population takes part mn proliferation a nse of the mutotic mdex need not
signify either a shortening of interphase or a protraction of the mutotic act
but simply the muotic mvolvement of a larger portion of the popula
tion Agan speaking of ‘growth stimulation would add lttle to our
msight

(7) As complex as the growth process itself are the means that keep the
various steps of the process, as well as the various growth centers among
one another n mutual harmony It cannot be stressed too strongly that
growth 1s regulated by a great mul y of factors of chemical and
structural nature no single one of master rank ! One potent growth regulat
mg pnnciple which we discovered relatively recently 1s a  feed back
equilibration between a growing organ on the one hand and organ specific
discharges of 1ts own production that restram the growth of all cells of the
homologous type on the other Each cell type may be assumed to give off
substances specific to its kind which nhibit the muluplication of any
protoplasm of the same type In proportion to their concentration n the
extracellular env As this atton with the growing
mass of an organ growth of each cell type will become self imiting regard
less of how widely dispersed the total mass 1s throughout the body Ths
principle explains the compensatory growth reactions after partial removal
or mjury of a given organ as well as the observation that the presence of
crushed cells of a given type mn the blood stream (by imjection) or in a
culture medium enhances the growth of homologous cells for a more
detaled review of the evidence? While this principle operates among
homologous members of a cell and organ population growth effects between
heterogenous types arc a mayor function of hormones

* * *

Since growth processes are so diverse and composite 1t would be a
miracle if any one hormone were to act on all of them 1 such fashion as
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to net always a positive balance which would make 1t a ventable growth
hormone  Any hormone affecting any one of the mnumerable component
steps of growth 15 1n a sense 1 growth hormone  although nothing seems
to be gained by naming 1t so The obligation remains to find out precsely
where and how 1t acts This requires more than just measuring over all
changes of size or bulk or composition
To 1llustrate the danger of shorthand explanations of the relation of
hormones to growth let me conclude with an mstructive example from our
own lat y expenience Amphit phosis from larva to adult
1s as you know dependent upon thyroid secretion The hormone activates
a p:mem of proliferation and mvolution processes and all organs undergo
luding the brain In this process a peculiar parr
of giant lhindbrain cells concerned with larval swimming so called Mauth
ners cells atrophy while other bramn parts grow This could have been
ascribed to the loss of their functional terminations but our experiments's
proved otherwise We implanted fragments of thyroid or thyroxin soaked
agar above the 4th ventricle so as to allow the hormone to diffuse into the
bram wall according to earher results ' under such conditions a circum
senibed phosis of the tissue plex withm the diffy field could
be expected This actually occurred with the following results on bram
growth while all other ganghon cells of the area grew comspicuously that
one pair of cells mn their midst which was destined to regress—Mauthner s
cells—did not grow but shrank (Fig 5) We could show that this reverse
behavior had nothing to do with peculianities of size or positton but was
simply an expression of a different biochemical constitution of these cells
which predisposed them to react to thyroid hormone with a growth response
of opposite sign from that of the other cells of the group In conventional
termmology one would say that the same hormone 1n the same dosage at
the same time can induce either hypertrophy or atrophy depending on the
kind of cell 1t strikes If this holds true for cells so closely related as the
chfferent neurons how much more generally will 1t apply to more widely
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dwersified cell populations It seems hardly necessary to labor the caution
ary lesson contained n this example

To sum up what we measure 1s growth s the resultant of a heteroge
neous array of processes of most diverse kinds and there 15 no way of
telling 1n advance without careful analysis just what component may be
affected by any particular agent 1n any particular tissue n any particular
species and how As long as we keep this m mund we are on safe ground
even 1f for convenience we resort to such shorthand reference terms as
the one heading this conference Even if the growth hormone should turn
out not to be just what its name 1mphes 1 doubt whether this would 1n the
least detract from the superb factual achievements 1n its study of which
we are to hear an up to date account just as I doubt that progress it
X rays would have been delayed if they had instead been named death
rays because undemably they sometimes kil I also have httle doubt that
those with firsthand experience 1n this field are essentially aware of what the
real situation 1s and how complex 1t 1s Yet there are also those whom the
simple label growth mught delude mto holding complacent oversimplif
and unrealistic notions of 1ts content My comments were mntended to
restore the complex problem to plain view—not for discouragement but
simply for clar of the probl so that h may orent itself
toward the real thing instead of to a verbal symbol As for my final answer
to What is Growth? I am tempted to dodge by saying  Let us go back
to work and find out more about 1t and not pretend we know
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Methods of Detection and Assay of Growth Hormone*

Jene A Russell

Division of Basic Sciences in the Health Services Emory University Georgia

To demonstrate that growth hormone the subject of this symposium
exists at all to define 1t as a biological or chenucal entity we must first
consider what 1s meant by growth What 1s the nature of this process that
1t can be affected by growth hormone? Then the changes expected must be
defined so that they may 1 1y be d The pi speaker
has introduced us to the first consideration To summarize this matter con
cisely although perhaps not completely one may say that for growth to
occur there must be an accretion of matenal similar 1n composition to that
onginally present in the organism An increase in mass alone mav not be
a sufficiently specific cntenon although we are accustomed to think of this
as growth For example the addition of either water or fat alone would
hot constitute true growth in most ammal structures There must be a

hests of pl with 1ts ct 1stic proteins and nuclerc acids
with ats salts and water 1n appropriate proportions together with smaller
amounts of other indispensable compounds Since an ammal 1s a complex
organization of specialized tissues rather than a bag of homogeneous proto
plasm all parts of the body may not be affected equally and speaific altera
tions may occur 1 some tissues m accordance with function n the general
growth process Growth then 1s the sum of many changes 1n the quantity of
organized matenial and 1t 1s a measure of this end effect which we seck

It follows that an alteration :n the content of almost any cellular constit
uent might concewvably be used as an index of the actvity of growth
hormone 1n ammals For such a cuiterion to be reliable however the effect
must be representative of or a step 1n the more general action of synthesis
of new celiular matenial With these considerations mmphcit tests for growth

—_
* Supported by a grant 10 aid from the American Cancer Soctety upon recommenda
tion of the Commttee an Growth of the National Research Council
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diversified cell populations It seems hardly necessary to labor the caution
ary lesson contained 1n this example

To sum up what we measure as growth s the resultant of a heteroge
neous array of processes of most diverse kinds and there 1s no way of
telling 1 ndvance without careful analysis just what component may be
affected by any particular agent in any particular tissue i any particular
species and how As long as we keep this in mind we are on safe ground
even 1f for convemence we resort to such shorthand reference terms as
the one heading this conference Even if the growth hormone’ should tum
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least detract from the superb factual achievements in its study of which
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Table 1

METHODS FOR THE DETECTION OR ASSAY OF GROWTH HORMONL

Test Duration of Precision
Treatment )
A Body Size
Body weight increase
Mature intact female rat 15-20 days 2-3
Hypophysectomized rat 10-14 days 3-4
Dwarf mouse 14 days 2-7
Tai length ncrease (hypox rat) 7-14 days 2-5
Tibial epiphysts increase in width m hypox rat 4 days 3
Organ weight (¢g liver thymus) mcrease 4-14 days *
B % of Mitrogen Phosph or Sulfur
Nitrogen balance intact dog or rat 1-5 days *
Plasma amino nitrogen decrease 2-6 hours 4
Blood urea decrease 2-6 hours —
Urea formation after protemn hydrolysate 1-3 hours 2-6
Tissue constituents (eg amino mitrogen amide
nitrogen glutathione) vaned —
Tissue enzymes (e g transammases) Wncrease oC
decrease 7-14 days —
N1 retention 2 days —
Plasma phosphate increase (hypox rat) 15 days 4
Plasma or tibsal phosphatase increase (hypox rat) 15 days *
Uptake of &  methionine 1nto muscle protem 3 days —

C Carbohydrate Metabolism

Muscle or cardiac glycogen maintenance in fasting
hypox rat 74 hours

6
Cardiac glycogen increase in mntact rat 6-12 hours 8
R Q depression in fed 1ntact rat 2-6 hours *
Duabetogenic action mtact rat 4 days *

* Significant relationship between response and dose demonstrated Index of pre
ciston (3 = stand dev 1n terms of log dose) given 1f estumate available

factors than growth hormone Thyrotropic hormone like thyroxin may
augment the action of growth hormone 1n such preparations while adreno
corticotropic hormone 1 any considerable amount will greatly depress the
response That the mtact rat 15 more sensitive or less semsitive than the
hypophysectomized ammal to these agents has not been demonstrated In
both types of animals non specific effects such as those affecting appetite
and water for ple may infl the resp to growth
hormone Thus although measurement of change m body weght 1s the
most sumple procedure available a method of assay based on this device
has disadvantages 1t takes weeks to complete 1t requires a fair amount of

matenal and most smportant 1t 15 not completely satsfactory as to
specificity
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hormone action have been confined principally to two types of observa
tions In the first the induction of a sufficient tncrease 1n size of the body
or of a constituent part will leave no doubt that true growth has taken
place Under certain conditions mcreases m body weight or in an organ
dimension such as the tail length or the tibra epiphyseal width, have been
taken as representative of the rate of growth In the second type of observa
tion attempts have been made to obtain an indication of change 1n the
rate of protein synthesis This 1s perhaps a more specific response, at least
mn theory for there 1s no substance more characteristic of anmmal tissues
than protemn and retention of mitrogen n this form s indubitably an
mdication of growth of some part of the orgamsm Direct measurement of
the rate of this reaction 1s difficult however so that indmect effects on
nitrogen metabolism have been used and these may not strctly relate to
growth

At best, these and similar methods of detecting growth hormone actvity
are likely to be faulty Only one aspect of growth can usually be measured
atatime and what 1s observed 1s always a resultant of many actions bearng
directly or indirectly on the growth process The ideal method would be
one 1n which measurement was made of the rate of a single metabolic
reaction controlled directly by growth hormone but as we all know this s
not yet possible

The observed effects of growth hormone are so multifarious that 1t 1

ble to make a derable list of procedures which might be emplo)cd

for the detection or assay of the hormone Many of these have been
described 1n the review of Lt and Evans! and m the article of Greenspan L1
Sunpson and Evans in Emmens Hormone 4ssay In Table 1 are listed
the principal items together with the usual duration of the test and an
ndication of the precision of the assay where this 1s known

The methods based on changes in body weight have been the ones most
commonly employed to date With the use of standardized amimals an ade
quate diet and a sufficiently long term of treatment the method can be
made reasonably precise either m mature intact female rats or 1n young
hypophysectomized rats The latter ammals are more economical for several
reasons They weigh much less the gam m weight which can be measured
accurately 1s smaller and the treatment penod 1s usually somewhat shorter
The hypophysectomized animal 1s smd also to be much more sensitive to
growth hormone than 1s the ntact anmimal but if the dosage 15 adjusted to
body weight the reported data do not indicate any very great difference 1n
this respect The use of the hypophysectomized animal has been favored
for this test not only because of the smaller amount of hormone required
but mamly because many workers have thought that the growth response
was more spectfic than that m the intact ammal Even m the hypophysec
tomized rat however 1t 1s certamn that the response to admimstered
pituitary preparations can be greatly affected by the presence of other
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muscle glycogen of fisting hypopt d rats and 1n h g and
Augmenting the mcrease m cardiac glycogen which occurs m ntact ammals
duning fasting All these effects my be regarded perhaps as expressions of
a single growth hormone nction on the utilizition of carbohydrate If they
represent another facet of growth hormone actvity then they could be used

as methods for assaying the hormone Until there are stronger theoretical

reasons for associating the effects on carbohy bolism with
retention and growth there must always be some reservations as to this
wdentity An add: 1 Js anses mor i that ad tical

factors appear to be permissive or synergistic m many of the actions of the
pituttary factor on carbohydrate metabolism Hence present assays of
actwvity n respect to this class of effects although they may furnish corollary
nformation of much interest probably are not equivalent to assays of
growth hormone by more conventional tests

With respect to the effects of growth hormone on nitrogen metabolism
the two which I wish to discuss further are the depression mn circulating
amuno nirogen in mtact rats and the diminution m urea formathon after
the admunistration of protein hydrolysate to nmephrectomized rats In the
normal rat the admimistration of a single dose of growth hormone 1s fol
lowed by a drop of 20 to 30 per cent in the blood or plasma amino mtrogen
content the level reaching a mimmum n about 4 to 6 hours Since the
effect 15 reasonably interpreted as being a result of growth hormone action
on mitrogen retention and since the procedure 1s stmple and very quick a
method of assay based on this could be ad 2 We have
found n tests of this procedure as have others 7 that 1t 1s not very sensitive
the mimmum effective dose being about 1 mg per 100 g body weight
The ranges of effective dosage and of response are both short There 1s httle
gradation between barely significant and maximal effect while the vanation
1 response 1s large compared with its range (Table 2) On one occasion
we did obtam a dose resp hip with an 0 4 index of
precision Hence 1t 1s possible that an assay method acceptable for certarn
purposes at least could be devised on this basis On the other hand 1t must
be recalled that a depression of plasma ammno mitrogen content 1s not
specifically a response to growth hormone Thus effect 1s mduced by epmeph
e or agents causing its secretion by msulin or by plucose and 1t may
be seen as well after some forms of cortical hormone Accordingly this lack
of specificsty mught preclude the use of this procedure for general assay
purposes even if 1t could be made as quantitative as desired

The other method mentioned above 1s one to which more attentron has
been devoted In studies of mtrogen metabolism and of nitrogen balance 1t
has always been difficult to make accurate observattons of rates of nitrogen
excretion over peniods of less than a day and often several days ase required
for an acceptable precision As was shown by Engel and collaborators 8
however the rate of increase i blood urea m nephrectomized rats affords
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Other procedures utiizing effects of growth hormone on body size have
not been so much used The dwarf mouse as a subject has the ncon
vemence of rarty and moreover the specificity of the response in this
ammal 1s questionable 34 Measurement of the tail length 1n hypophysec
tomized rats has appeared to offer a reasonably satisfactory approach at
least in certamn stramms of rats, but pubhshed data on the method are few
It has the disadvantage of requinng the use of hypophysectomized ammals
1 the immediate post operative period and the spectficity of this methed
also has not been established

Increase 1n the width of the tibial epiphysis of the hypophysectomized
rat has been found by Greenspan et al ® to furmish the basis of one of the
better assays for growth hormone activity The details of this procedure and
factors affecting 1t are the subject of another paper n this symposwm It
may be said here that the method has the advantages of high sensitvity
comparative precision and relatively short duration of treatment However
1t requires a rather time consuming techmique while the base hne values
and responses vary considerably from tume to time This requires ngid care
1n standardizing the expenimental condittons and here too the response 15
much affected by pitmtary factors other than growth hormone which may
be present 1n the preparations to be tested

The other principal group of observations which nught be used for assay
purposes concern a variety of effects of growth hormone on the metabolism
of mtrogen phosphorus and sulfur (see Table 1) In general these have
not been studied as extensively as the procedures previously descnibed Itis
known that a sigmficant relationship between response and dosage of
growth hormone may be obtained 1n some cases but there have been few
studies of the degree of precision afforded of specificity or of sensttivity
to extraneous factors In other instances 1t 1s not possible to say more than
that a measurable effect of growth hormone occurs It 1s quite concervable
that one or more of these effects not yet studied mn detai]l mught provide
the basis of a suitable assay method On two of these responses we have
obtarned further information which will be presented shortly

The posstbilities of assays based on a third group of effects may 4lso be
mentioned These concern the actions of piturtary preparations on some
aspects of carbohydrate metabolism exemplified by various forms of glyco
static activity depression of the R Q 1n fed amimals and diabetogemnic
effects To date activity in these respects has always accompamed growth
hormone during 1ts 1solation and purification and no separation of these
effects from those on growth or mitrogen retention has yet been achieved
The extensive and detailed observations of Reid® indicate a high degree of
parallelism between the growth promoting potencies mn mntact rats and the

diabetogenic activities 1o cats when a number of varously treated growth
hormone preparations were studied A similar trend was seen i our own
observations on the action of growth hormone both 1n mamtaming the
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Fic 1 The effect of growth hormone on the rate of urea formation duning
the first hour after the injection of saline or of an enzymatic casemn hydrolysate
1n fasting rats Columns outhined in solrd lLines represent urea accumulation 1n
mg mtrogen per 100 g of body weight those i broken lines the amount of
mtrogen injected as hydrolysate (From Russell Endocrinology 49 99 1951)

have been assayed by this procedure The conditions currently employed
are as follows young adult rats fasted for 24 hours are nephrecto
mzed under ether anesthesia and allowed to recover for a few hours The
preparation to be tested 1s gven mtraperitoneally in a small volume of
saline 1 to 1% hours before measurements of blood urea are begun A
sample of blood 1s drawn from the tail a measured amount of casem hydrol
ysate (P hrop—Stearns—1 ml 12t014 mg N
per 100 g body weight) 15 mjected intravenously over a period of a few
minutes and a blood sample 1s taken agam 2 hours later The increase in
blood urea nitrogen 1s determmed 1n sertes of 4 to 6 animals at a ttme With
rats of the same size and age and with a standardized technique the merease
m blood urea N 1s fairly constant averaging about 22 to 25 mg percent
with a standard deviation of 1 to 2 mg per cent With large doses of
growth hormone the 2 hour increase in blood urea may be reduced to 12 to
14 mg per cent

The relationship between dosage and response and the precision of the
method as obtamed with several different growth hormone preparations are
presented 1n Figure 2 Since these assays were done at different times the
control values varied hat A dingly small diffe n position
of the assay curves are not necessanly sigmficant The effect 1s seen to be
reasonably reproducible but 1t must be admutted that the accuracy of the
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Table 2
EFFECT OF GROWTH HORMONE ON BLOOD AMINO NITROGEN IN FASTING RATS
Blood Amino Nitrogen
1t
No of mg per ceni
0Obs Chan,
1ge in
Inal 'S Hours
A Saline 4 1s —0702
B Growth Hormone
05 mg per 100 g 4 108 —-10*
10 4 114 ~22*
20 4 116 ~25¢
30 5 116 —29¢
100 4 124 -23

* Standard deviation withm groups or from regression 075 mg per cent b=18
mg per cent per logunmit } =042

a reproducible means of following the rate of mitrogen metabohsm
expentments of short duration as little as 1 to 3 hours bemng sufficient for
accurate observations Smce growth hormone was known to depress the
levels of blood amino mitrogen and of urea n a short period of tume 1t
appeared possible that mitrogen retention after growth hormone mght also
be observed i smmular circumstances if the techmque of Engel et al was
employed With this procedure it was found that if growth hormone was
given to nephrectomized rats in a basal state Ilittle or no effect on the rate
of urea formation was seen in the next few hours However when an amino
acid mixture was given to the animal and the rate of urea formation thus
greatly enhanced 2 mitrogen retaimng effect of growth hormone was
clearly seen ® Thus response was taken to be the result of an increase 1 the
uptake of amino acids into proten rather than any drrect effect on the rate
of catabolism of the ammo acids or on the rate of urea formation per se for
1t was accompanied by enhancement of the rate of removal of amino actds
from the blood as well as by dimimished concentrations of free ammo and
amide mtrogen 1n the tissues The effect 1s thus reasonably interpreted as
part of the growth process

This acute response to growth hormone 1n respect to mtrogen retention
was first demonstrated with an active but impure preparation of the
hormone Later when highly punfied materials were available 1t was shown
that the reaction was fairly sensitive 100 yg per 100 g or less sufficing for
a significant depression 1n the rate of urea formation (Fig 1) Moreover
the response was related to dosage with an encouraging degree of prect
sion®® (A, 04) Further nvestigations have now been made of a number of
factors concerned mn the response and several growth hormone preparations
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hormone on mtrogen metabolism there 1s no reason to expect an augmenta
tion of growth hormone action by thyrotropin within the few hours allowed
for the response Moreover, smee the observations are made in mntact rats
rather than m hypophysectomized ammals 1t 1s questionable whether any
enhancement by thyrotropin could be expected 1n any case Confirmation
of these suppositions 15 desirable but we have not obtained the punfied
sample of thyrotropic hormone certamnly free of growth hormone which
would be required for this experiment

A more senous possibility s that adrenocortical steroids secreted under
the nfluence of cortrcotropm might increase the catabolism of protein and
so mterfere with observations of the nitrogen retaming action of growth
hormone The observations of Engel and co workers' ! indicate that this
would not be expected under the conditions of the test In therr work
cortical hormones were found to increase urea formation in the fasting
ammal only after a latent peniod of 3 hours or more while the catabolic
effect was not evident after admrmstration of amno acid mixtures Employ
g the conditions of the assay for growth hormone described above we
have given a commercial protein corticotropm preparation in place of
growth hormone and also with growth hormone 1n the same solutton At
the moderately large dosage of ACTH used (1 unit per 100 g body werght)
no effect of thts hormone on the rate of urea formation was seen 1n erther
case (Fig 3) In view of Engels observations and our own 1t appears that
the duration of this test for mitrogen retention 1s too short for 1t to be
affected by any concomitant adrenocortical stimulation This 15 perhaps
the greatest advantage of this method of assay of growth hormone activity

The observations presented thus far indicate that measurement of the
tate of urea formatron after amino acid admimstration affords a rapid
specific and moderately precise method for the assay of nitrogen retaming
factors found in the anterior pituitary and that the property of this
response accompanies growth hormone during its 1solation and punfication
A question may still be raised concerming the relationship of the activity
measured 1 thes test to that obtamed by more usnal methods of measuring
growth promotion Precise estimates of potency rattos of various growth
hormone preparations by the several methods have not been made for the
errors of the methods are such as to make this a most laborious undertaking
Unul recently we had been satisfied to find that all the purified growth
hormone preparations so far tested brought about an acute retention of
nitrogen and that only materrals active by the body weight or tibial assays
were effective here Now our assurance mn this respect has been somewhat
disturbed Through the courtesy of Doctors Raben and Astwood we were
supplied with some pituttary preparations made by the oxycel adsorption
procedure which were highly potent as ACTH and which were also found
by Dr Raben to be active 1n respect to certamn effects on carbohydrate
metabolism ** 1 By the usual biological tests and from their chemical prop
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Fic 2 The relationship between dose of growth hormone and rate of urea
formation after casetn hydrolysate 1n fasting rats

method as a quantitative assay still 1s not as great as would be desirable
The precision of the assay appears ltmited to a large extent by the range
of responses which can be observed If the maxmmal effect of the hormone
could be enhanced as perhaps by changes in the mixture of amino acids
employed or m their method of admimstration 1t 1s possible that the accu
racy of the method could be improved but we have as yet little mnforma
tion on these points

Numerous tests have been made with different proteins and with
activated hormone preparations and results indicate no significant effect on
urea formation Neither epinephrine nor snsulin tn moderately large amounts
{ 05 mg or 05 unit per kg tespectively) altered the rate of urea formation
appreciably ecither in the presence or in the absence of exogenous ammo
acids

A question of much importance 13 of course whether or not the presence
of thyrotropic or adrenotropic hormones in this test may affect the response
obtaned from pituitary preparations From the known effects of thyroid
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ment of punfied growth hormone converted 1t from a substance affectng
both body size and bal. to one aff only the latter
function would the second substance sull be a growth hormone?

Summary
The tt 1 basis of methods for the d and assay of growth
hormone actvity was d d and the lable practical p d e
viewed briefly The best of these hods were dered to be d

n one or more respects inconvement because of the nature of the test the
duratton of treatment or amount of materral required lacking m specificity
or preciston or sensitive to the action of extraneous factors A new method
of assay based on the diminution in rate of urea formation after exogenous
ammno acids m nephrectomized rats was descibed This procedure was
found to furmish a rapid specific and moderately precise measure of effects
on nitrogen retentton and was not affected by the presence of adrenocortico-
troprc hormone Punfied growth hormone was highly actne mn this respect
but the precise rel hip of mtrogen actity as judged by this
procedure to the promotion of growth as judged by effects on body size
1s not yet certamn

References
Lt C H and H M Evans Recent Progress in Hormone Research 3 1
(1948)
Greenspan F § Lt C H Simpson M E and H M Evans Hormone
Assay Ed C W Emmens New York Academic Press 1950 273

[X)

3 Bates R W Laanes T and O Ryddle Proc Soc Exp Biol Med 33 446
(1935)

Kemp T and L Marx Acta Pathol Scand 13512 (1936) 14197
(1937

Greenspan ¥ § Lt C H Simpson M E and H M Evans Endo
crinology 45 455 (1949)

Reld E 7 Endocrinology 8 50 (1952)

Reid E J Endocrinology 9 329 {1953)

Engel F L Pentz E I andM G Engel J Biol Chem 17499 (1948)

Russell T A and M Cappiello  Endocrinology 44 333 (1949)

10 Russell J A Endocrinology 49 99 (1951)

11 Engel F L Schiller S and E I Pentz Endocrinology 44 458 (1949)

12 Engel F L Endocrinology 50 462 (1952)

13 Astwood E B Raben M S Payne R W and A B Grady J Am
Chem Soc 73 2969 (1951)

Westermeyer V. W and M S Raben Endocrinology 53 173 (1954)

VN W b

Y



26 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

GROWTH HORMONE 4 o ACTH
| M RECTO I€D R TS G EM CASCN W DAOL SATE

ACTH GH GH=+
T

o
22 Teron ACTH
220l ﬂ r
S
|
o8-
#
g8
'
2
F .
g
& 12l
=
E
o 10
¥
H
g 19 4 (& 5

Fig 3 Effect of growth hormone (03 mg per 100 g) and adrenocortico
tropic hormone (1 unit of protemn hormone per 100 g ) on urea formation after
casein hydrolysate 1n nephrectomized rats Dots at top of column indicaté
standard error figure at bottom of column indicates number of observations per
group From Rundell and Russell (unpublished)

erties these preparations were not considered to contain growth hormone
Although highly active as corticotropin these preparations did not sncrease
nitrogen catabolism and surprisingly were quite effective mn suppressing
urea formation it nephrectomized rats Furthermore 1t was found that
when this oxycel matenial or in one instance purified growth hormone, was
subjected to muld treatment with alkah a procedure which inactivates
growth hormone as judged by body weight assays the effect on urea forma
tion persisted

These observations now raise some interesting posstbilitzes One 1s that
the factor responsible for the acute effect on mtrogen metabolism although
usually accompanying growth hormone 1s separable from it The other 1s
that there 1s such a thing as a degraded growth hormone one which 1s
active 1n tests of short duration but which 1s incapable of promoting observ
able growth when given once a day 1n chromc tests of the usual type A
smaller molecule than proten growth hormone, one which 1s rapidly ab
sorbed and destroyed mmght conceivably behave mn this way As yet it 15
not possible to decide between these possibilines Here we return agamn to
the questions of what 15 growth and what constitutes a valid measure of
hormonal action on growth If it should be proved true that chemical treat
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tilage plates of these older anmals The following year Ingalls ® and Ingalls
and Hayes ® simultaneously with Ray Evans and Becks 1 reported on the
development of the proximal epphysts of the tibi1 1n normal and hypoph
ysectonuzed rats The latter group ascribed the reduction m the width
of the epiphyseal cartilage which followed hypophysectomy to a disturbance
wm the equiibrium established between the formation of cartilage and bone
in endochondral Shortly thereafter Becks habrik, Mars and
Evans? extended the observations of Ray et al to the very early effects of
hypophysectomy (4 days after operation) Very detasled reports on the
changes with age m the histolopical appearance of the proumal tibial epiph
ysts of the normal female rat and of the female rat hypophysectomzed
at 26 days of age bave been presented by Becks, Sunpson and Evanst ¥
Figure 1 has been drawn on the banis of data compiied by these mvest
gators and demonstrates the very rapid narrowing of the castslage plate
which occurs betneen days 40 and 65 The rate of decrease t width after
the 65th dav s much slover Figure 1 also diustrates the very rapid decrease
observed in the exp t arumat foll g hypophysectomy By the
14th postoperative day the width of the disc has essentrally become con
stant, this stasis finally resulting m a wider plate 1n the older hypophysec
tomezed anumal than m a normal amimal of the same age

Effect of Ovanectomy The preasptous falt duning the period between the
40th and 65th day occurs at the time of beginmng sexuat matunty m these
agmals and s reflected 1n a marked decrease n the rate of growth of the
ubia Furthermore as shown first by Gaarenstroom and Lewie’® and sub-
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Fig t The change 1n the width of the tibial provimal epiphyseat cartrlage of
the female rat {Long Evans) with age and following hypophysectomy at 26
days of age From Becks et al 13
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The Tibia Test for Growth Hormone*

Irving | Geschwind and Choh Hao L

Hormone Research Laboratory University of California Berkeley

Introduction

Pitutary Control of Proimal Tibial Epiphysis In 1923 Dott and Fraser!
reported that one sequel of hypophysectomy m cats and dogs was a general
1zed decrease of epiphyseal activity m the long bones 1n a separate report
Dott reported an ncreased acuwity following the feeding of desiceated
anterior lobe of the pituitary gland Seven years later, Handelsman and
Gordon® observed growth of the skull and mandible 1n rats receiving mjec
tions of alkaline pituitary extracts Renewed interest in the action of pitul
tary extracts on the epiphyses of the long bones arose from the work of
Lucke and Huckel* in 1933 and Silberberg® in 1935 The former workers
reported that administration of such extracts to 6 week old rats resulted 1t
a marked increase m the width of the epiphyseal cartilage of the tibia while
Stlberberg noted that as few as 4 1njections of an acid extract of the anterior
prtuitary were capable of stimulating growth of tibial cartilage and bone m
the normal young guinea pig In 1939 Freud Levie and Kroon® investigated
the effects of hypophysectomy and of maintenance with growth hormone

on the devel of the vertebrae nibs and tibias of the rat
From the results of this investigation they concluded that growth hormone
has a biologically typical point of attack at the proliferating cartilage Up
to 1940 the major part of the previous work had been concerned with the
action of growth hormone in young ammals however in that year Ross
and McLean? admmstered growth hormone to weight plateaued rats and
observed a reawakeming of active growth in the quiescent epiphyseal car

« Thus work 1s supported in part by grants from the American Cancer Society upon
recommendation of the Commuttee on Growth of the National Research Council and
the Albert and Mary Lasker Grateful ack s made. 1o
Charles Jordan and Harold Papkoft for able technical assistance

28




BIOASSAY PREPARATION AND PROPERTIES 3

THE EFFECT OF FOUR DAILY SUBCUTANEOUS
INJECTIONS OF |7 OH CORTICOSTERONE 21 ACETATE]
ON THE WIDTH OF THE PROXIMAL EPIPHYSEAL
CARTILAGE OF THE NORMAL RAT
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FiG 2 The narrowing of the epiphyseal cartilage of the normal rat by graded
doses of hydrocortisone administered over a pertad of 4 days

As an example Becks et al % found the tibia cartilage width of formal
56 day old male rats to be 409 micra whereas an average value of 294
micra was found for ammals of the same age which had been adrenalec
tomized 30 days previously These latter animals mantamed on 1% NaCl
marnifested a satisfactory weight gam and good skeletal growth

The effect on the normal cartilage disc width of admmustration of the
adr trcal steroid 17 hyd. has recently been nvest1
gated 1n this laboratory The results of this mvestigation 1n which graded
doses of Compound F were given for 4 days to 27 day old normal female
rats 1s shown in Figure 2 Subcutancous mjections of as httle as 100
micrograms per day of the steroid resulted i a significant narrowing of the
cartilage plate and a 1 resp was ot d with ap
2 mg per day In an attempt to counterbalance the effect of the admims
tered steroid different groups of amimals were mnjected with graded doses
of growth hormone along with either 0 5 or 2 mg per day of the steroid Tt
was found however that even with the smaller quantity of Compound F
co admmistration of large doses of growth hormone (2§ mg per day)
could not increase the width of the disc more than 80 micra so that the
maximally widened disc was still narrower by 100 micra than that found 1n
normal uninjected animals of the same age The results of these experiments
are typical of the antagomsm of hypercorticahsm to normal growth patterns
and responses

Effect of Thyroid Another endocrine factor concerned 1n the regulation
of the width of the normal disc 15 represented by the thyroid and its secre
tion The marked failure of the disc m the thyrosdectomized ammal 1o
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sequently confirmed by many workers, estrimzation of the young rat pro-
duces a shrinkage of the epiphyseal cartilage In order to determine the
extent of mfl of b g estrogen on the width of the
epiphyseal plate we have recently nvestigated the effect of ovanectomy on
the width of the uncalctfied cartilage of the tibra A group of rats (Long
Evans stram) was ovaniectomized between days 28 and 35 they were then
autopsied at various postoperatne imtervals up to day 64 The resuls of
these expeniments (Table 1) demonstrate that approximately one half of
this rapid decline with age may be prevented by ovanectomy At day 38
eight days following gonadectomy no effect 1s observed which may be
ascribed to the operative procedure which 1s 1n keeping with data indicating
this age to be just prior to or to mark the beginming of sexual function in
rats The table also indicates that the rate of fall of disc width 1n intact male
rats 15 comparable to that 1n ovanectomized rats and that orchiectomy
tends to produce a further narrowing of the disc though with the limited
number of ammals employed the diff are not

Table 1

THE CHANGE WITH AGE IN THE WIDTH OF THE PROXIMAL EPIPHYSEAL CARTILAGE
OF THE TIBIA OF THE NORMAL AND CASTRATED RAT

d

Age Oper Post Oper No of Wdth of Uncalifie

Sex* Interval Carnlage Plate
(days) Cond'n (days) Ammals (micra)

F 30-31 — — 11 442 (368-535)
F 34-40 — — 6 397 (362-448)
F 42 — - 6 347 (311-420)
F 56-62 — - 15 260 (238-282)
F 65 — — 4 230 (218-252)
F 38 Ovar 8 3 409 (374-441)
F 56 Ovar 21 13 364 (331-426)
F 64 Ovar 36 18 314 (280-346)
M 25 — — 5 503 (484-524)
M 36 — — 5 477 (441-510)
M 59 — — 6 324 (298-344)
M 59 Castr 30 6 283 (247-324)

*F = female M = male
1 Range of responses 1n parentheses

Effect of Adrenal Cortex Another factor probably operative at all umes
1s represented by the steroids secreted by the adrenal cortex A marked
reduction tn the width of the epiphyseal cartilage following the admimstra
tion of ACTH to normal ammals has been reported by Becks Simpson L
and Evans 1% F m all probability some from the adrenal
cortex 15 xequxrcd for the maintenance of the normally wide disc found
young ammals as 15 evidenced by studses 1n the adrenalectomized animal
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Fio 2 The narrowing of the epiphyseal cartilage of the normal rat by graded
doses of hydrocortisone administered over a period of 4 days

As an example Becks et al 13 found the tibia cartilage width of formal
56-day old male rats to be 409 micra whereas an average value of 294
mmera was found for ammals of the same age winich had been adrenalec
tomized 30 days previously These latter animals mamntained on 1% NaCl
mamifested a satisfactory werght gain and good skeletal growth

The effect on the normal cartlage disc width of admnistratson of the
d sterord 17 hyd; has recently been nvestt
gated 1n this laboratory The results of thts nvestigation 11 which graded
doses of Compound F were given for 4 days to 27 day old normal female
rats 1s shown in Figure 2 Subcutaneous injections of as hittle as 100
mucrograms per day of the steroid resulted i a sigmficant narrowing of th
cartilage plate and a 1 resp was d with app ly
2 mg per day In an attempt to counterbalance the effect of the admims
tered steroid  different groups of ammals were mjected with graded doses
of growth hormone along with exther 05 or 2 mg per day of the sterord It
was found however that even with the smaller quantity of Compound F
co-adminstration of large doses of growth hormone (25 mg per day)
could not merease the width of the disc more than 80 micra so that the
maumally widened disc was still narrower by 100 micra than that found 1n
normal eninjected animals of the same age The results of these expenments

are typical of the antagonism of hypercorticalism to normal growth patterns
and responses

Effect of Thyroid Another endocrine factor concemed in the regulation
of the width of the normal disc 1s represented by the thyroid and 1ts secre
tion The matked failure of the disc m the thyrowdectomzed ammal to
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sequently confirmed by many workers estunization of the young rat peo-
duces a shrinkage of the epiphyseal cartilage In order to determme the
extent of infl of beg g estrogen on the width of tht
epiphyseal plate we have recently investigated the eflect of ovanectomy 01
the width of the uncalcified cartilage of the tbra A group of rats (Long
Evans stram) was ovanectomized between days 28 and 35, they were then
autopsied at vanious postoperative mtervals up to day 64 The results of
these experiments (Table 1) demonstrate that approximately one half of
thus rapid decline with age may be prevented by ovanectomy At day B
eight days following gonadectomy no effect 1s observed which may be
ascribed to the operative procedure which is in keepng with data mdicating
this age to be just prior to or to mark the beginning of sexual function 18
rats The table also indicates that the rate of fall of disc width m intact male
rats 1s comparable to that in ovariectomuzed rats and that orchiectomy
tends to produce a further narrowing of the disc though with the Jmuted
number of ammals employed the diff are not

Table 1

THE CHANGE WITH AGE IN THE WIDTH OF THE PROXIMAL EPIPHYSEAL CARTILAGE
OF THE TIBIA OF THE NORMAL AND CASTRATED RAT

Uncalfied
Age Oper Post Oper No of Width of
Sex* Interval Cartilage Plate
(days) Cond’'n (daye Amimals (mitra)

F 30-31 — — 11 442 (368-535)1
F 34-40 - — 6 397 (362-448)
F 42 — — 6 347 (311-420)
F 56-62 — — 15 260 (238-28")
F 65 — — 4 230 (218-252}
F 38 Ovar 8 3 409 (374-441)
E 56 Ovar 21 13 364 (331-476)
F 64 Ovar 16 18 314 (280-346)
M 29 — — 5 503 (484-524)
M 36 — — 5 477 (441-510)
M 39 — - 6 324 (298-344)
M 59 Castr 30 6 283 (247-323)

*F = female M = male
1 Range of responses 1n parentheses

Effect of Adrenal Cortex Another factor probably operative at all timés
1s represented by the sterords secreted by the adrenal cortex A marked
reduction 1n the width of the epiphy cartilage foll g the tra
tion of ACTH to normal ammals has been reported by Becks Smmpson L!
and Evans %> However 1n all probability some secretion from the adrenal
cortex 1s required for the maintenance of the normally wide disc found 1
young ammals, as 15 evidenced by studies 1n the adrenalectomized ammal
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imjection with growth hormone and that beginming on the sixth day a level
1ng of the response was obtamed hence the growth hormone preparation
was injected daily for only 4 days The experimental ammals were 38 day
old hypophysectormized female rats and the senes of 1njections was begun
12 days after operation The responses which were obtamed when graded
doses of the hormone were admimstered fell on a straight line when plotted
agamst the logarithm of the doses (Fig 3)

Though this test proved to have far greater sensitivity and much less
varability than the other tests available the time consumed 1n preparing
senal sections of bone and in staming these sections negated to a great
extent the advantages of the method and militated agamst its routme use
However after the above report was submitted early m 1943 Evans
Simpson Marx and RibricA!® presented a2 modification which would permit
its use for routine assays This modification made use of silver nirale to
stam the calaified portion of bone halves and thus demarcate the epiphyseal
disc Briefly the method 15 as follows ! ¢

Assay Procedure Female rats are hypophysectomuzed at 26 to 28 days of
age and following a postoperative interval of 12-14 days admimstration
of growth hormone 1s begun The hormone 1n aqueous solution 15 1njected
mtrapentoneally once daily for four days Twenty four hours after the
last injection the ammals are sacrficed a tbia 1s dissected free of the
accompanying soft tissue and then spht at the proximal end mn the md
sagittal plane The bone halves may then be stamed with siver mitrate or
fixed ;m 107 neutral formahn If they are to be stamed immediately the
following mod 10n of the sug; d procedure 1s employed The bone
halves ar¢ washed m water for 10 minutes immersed 1n acetone for about
6 munutes and then washed m water agan for 3 minutes They are then
placed 1n freshly prepared 2% silver mitrate for approximately 2 mmutes
and then rinsed 1n water While under water the bone halves are exposed to
a strong light and when the calaified portions become dark brown they are
removed to a microscope stage and the width of the uncalaified epiphyseal
cartilage 1s measured under low power using a calibrated micrometer eye
prece From 8 to 10 individual readings are made across the eptphysis This
simplified procedure for staimng 1s much less tme consumng than the
ongmnal method and has been thoroughly cross-checked with it to nsure
accuracy and dependability It has been employed routinely m this labora
tory for the past five years

The dose resp curve ob d when this dure was followed
using a preparation of growth hormone stmilar to that used by kibrick
et al M 15 presented m Figure 3 and 1s taken from the data compiled by
Marx Sunpson and Evans ' To be noted are (a) the straight hne relaton
ship between the response and the loganthm of the dose (b) the similanty
of th~ slope of the curve obtamned from the data of Marx et al ¥ to that
obtamed by kibrick et al** and (c) the much lower value obtained for
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narrow normally with age! 1s one of the manifestations of the lack of differ
entiation which occurs following this operation

‘The Tibia Test

Subsequent to the experiments of Freud Levie and kroon® who em
ployed punfied preparations of growth hormone both Ray Evans and
Becks 1° and Becks kibrick Marx and Evans!! reported on the effects
obtained followmng the admumstration to normal!® and hypophysecto-
mized™® ' animals of growth hormone preparations then bemg prepared m
the Institute for Experimental Brology at Berkeley The first attempt, how
ever to study the relationship between the dose of growth hormone and the
extent to which bone growth was stimulated 15 to be found n the report of
Kibrick Becks Marx and Evans ™ The index of activity which was selected
was the mcrease in the width of the proximal epiphyseal cartilage of the
tibia as measured m a histologscal preparation with an eyepsece micrometer
It 15 of interest to quote 1n toto the premmses which formed the basts for this
chorce

Hypophysectomy rapidly imtiates a loss m the dimensions of the epiphysea!
cartilage plate despite the fact that growth of cartilage and bone may continue
for a short time 1n the young ammal after the removal of the pitutary This
loss m thickness reflects the 1mtial disturbance of the equilibrium that normally
exists between chond and Ad of growth hor
mone rapidly restores the dimensions of the cartdage plate by stimulating first
and then until an equilibrium 1s reestablished ¢

Preliminary expertments by these authors revealed that a rapid mcrease
in the width of the cartilage could be expected up to the fourth day of

COMPARISON OF THE
HISTOLOGICAL AND SILVER
LINE TIBIA TESTS o

P

WIDTH OF UNCALCIFIED GARTILAGE (m cra)
8

€0 80100 150 200 300 400 600 8OO
TOTAL DOSE MICROGRAMS PER 4 DAYS

Fic 3 “Dose response curves for sumlar growth hormone preparations The
upper curve was determimned by kibrick et al 14 who measured the response 1n
stamned histological sections of bone the Tower from Marx et al 17 employing
the silver nitrate reaction on bone halves
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1 dard

of the dard curve as an at 15 lly questronable
In order to obtain results capable of statistical evaluation both the un
known prep and a lab Yy dard preparation (L2518B) have
been subjected to a triple dose assay procedure similar to that employed
by Sayers Sayers and Woodbury'® for the assay of ACTH With this
method groups of 4 rats are mjected with one of three doses of esther the
unknown o the standard the total doses of the standard amount to 20 60
and 200 micrograms while those of the unknown are adjusted to give
responses 1n the same range as those given by the standard As an example
Table 2 records the statistical values® calculated from the results of assays
performed on four separate occasions over a penod of three months of
the “core matenal resulting from a partial chymotryptic hydrolysis of
growth hormone ° The ratio of potency of the unknown (the core Prep
L2552A) to standard the standard error of the potency the range of
potencies that may be expected 1n 95 out of 100 cases the combined slope
b and the denived value } (= s/b)— the mdcx of precision are given for

each assay The of the cal P as well as the
excellent values of A attest the deqy and of the assay
procedure

Table 2

THE REPEATED ASSAY OF A GROWTH MORMONE PREPARATION OF
UNKNOWN POTENCY

Range of

Potency = SE* Slope Index of

Date ) P °<’§;'§’* ) Precision (A )

7-23 10532271 | 64174 508 0205

7-30 975165 | 70-136 45 0168

813 8492100 | 67107 703 0126

918 =125 | 70-120 806 0137

Aver 949165 Aver 616 0159

- ll;;g:(n;y of preparanon L2552A compared with that of the standard preparation
195 cases cul of 100

Factors Influencing the Assay Procedure
The assay procedure as outhned above 1s essentially the onginal one sug
gested by Evans et al 1% Certam aspects of this assay method have been
re exammed n order to determne to what extent vanation 1 or modifica

tion of the procedure would still be compatible with meamingful and repro
ducible results

* The detailed for the statistical may be found in ref 19
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disc sudths of control and injected amumals by the siver ne method
These latter values are of the order of two thirds to three quarters of those
obtained by the histological method and are probably due to a staining of
the vesicular zone of the cartilage plate by silver mitrate This zone forms
the zone of provisional caleification and wonld react with silver jons
Statistical Treatment of Assay Data The standard curve obtamed by
Marx et al was remnvestigated by Greenspan Lt Simpson and Evans®
when more ighly punfied growth hormone preparations became aval
able 1® Figure 4 portrays the standard curve obtained by Greenspan et al
and for companson also presents that obtamed by Marx et al A compan
son of this sort was p: ly made by Greenspan et al who 1
that the slopes of the two hines are essentially identical (by, =82 5,
be  pa=794) and that the preparation of L et al was approxumately
9 times as potent as that employed by Marx and his co workers Also
cluded s the curve that has been compiled from the data accumulated m
this laboratory over the past 4 years It may be seen that there 15 a consider
able difference between our curve and that of Greenspan et al though 2
substantial number of preparations employed by the latter workers have
also been used 1n establishing the later curve The reason for this discrep
ancy 1s not apparent and no satisfactory explanation has so far been found
If a given preparation of growth hormone 1s repeatedly assayed over 2
peniod of weeks and 1f the response obtained with 1 given dose 1s compared
with the standard curve varations are found which represent a weekly
vartation m potency of from 50 to 200 per cent of the mean Thus the use

COMPARISON OF THE STANDARD
CURVES REPORTED BY THE
BERKELEY LABORATORIES

WIDTH OF UNCALCIFIED CARTILAGE {micra)

ot ——
10 20 30 40 60 80100 200 300 400 600
TOTAL DOSE MICROGRAMS PER 4 DAYS
he tibsal cartilage res 1o
4 Standard dose response curves for I ponse
gr:»:’?h hormone That of Marx et al7 and of Greenspan et al 18 have been
previously reported
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500+ 4 DAY MAINTENANCE TEST

450.

Y 1216X
X 0250
Control 262micro

1364

WIDTH OF UNCALCIFIED GARTILAGE (micra)

20 30 40 €0 20 K0 200 300 400 600 1000
TOTAL DOSE MICROGRAMS PER 4 DAYS

FiG 5 Dose response curve for growth hormone admumstered for 4 days
starting on the day of hypophysectomy (27 days of age) Autopsy was per
formed 24 hours after the last mjectton Silver mitrate reaction on bone halves

receved graded doses of growth hormone Injections were given once daily
for 4 days and the ammals were sacrificed 24 hours after the last injection
The results of these experiments are plotted in Figure 5 m the form of a
log dose response curve It can be seen that the individual responses fall
on a straight line when plotted aganst the loganthm of the dose Further
more the slope of the curve 1s much steeper than that found in the standard
procedure (121 vs 60) The index of prectsion & 1s 025 which falls
within the acceptable range With the value for the slope b as high as 1t 1s
the value for A reflects a moderately large value for the standard deviation
of the curve (S) The high value of S undoubtedly 1s a result of the two
main disadvantages mherent in this procedure namely the lack of the pre
imjection postoperative period which ordinanly serves to ehminate those
ammals which do not fulfill the requirements with respect to weight change
noted above and the failure of the dimenstons of the cartilage to achieve a
constant value prior to the injection peniod

Diet  Adequate control of dietary factors 1s a sine qua non of any assay
for growth hormone actvity involving growth as an index Some of the
dietary factors known to exercise a particular influence on the size of the
epiphyseal plate have been reviewed by Simpson Ashng and Evans 2 A
more extensive discussion of the effects of dietary factors on bone growth
may be found 1n the monograph of Wemnmann and Sicher® and the review
of Silberberg and Silberberg 3

A

b

Since the hypophy d amimal 1s a valuable one and yet
1s easily subject to infection the effect on the growth assay of prophylactic
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Chorce of Amimals In presenting the cnitenia whereby the hypophysec
tormized rat qualifics for the weight test Marx, Simpson and Evans ! empha
sized that ammals whose body wewght gan exceeded 7 grams mn the
pre njection pertod should be ehmmated This criterion 15 of sufficient
ymportance for all assays of growth hormone and has been justly 1
emphasized by Greenspan, L1 Stmpson and Evans  Some limitation with
respect to weight loss 1s equally justifiable experience dictating the per
mussible maximum to be three grams

The sex of the test amimal used in previous studies had always been
female However experiments conducted m this laboratory have established
unquestionably that the male rat 1s perfectly comparable to the female
with respect to sensitivity to growth hormone maximal response which they
are capable of achieving and slope of the dose response curves further
more, the standard errors of the responses are stmilar Consequently male
rats have been employed by us and with perfectly satisfactory results

Postoperative Interval It may be recalled that rapid narrowing of the
epiphyseal disc occurs withun the first 10-12 days following hypophysectomy
(Fig 1) thereafter the thickness of the disc remarmns essentially unchanged
In order to take advantage of this period of maximal sensitivity mn respon
stveness the assay should begin within 1 short time followng hypophyse¢
tomy but yet not before the control disc width has been sufficiently
stabilized m order to avoid undue varation in response The suggesled
mterval of 12 to 14 days fulfills these requirements

The 4 day Maimntenance Test In some laboratories however a 4 day
maintenance assay may be of more practical use than the present stimula
tion procedure The advantage of such a di 10n lies 1n the drat
use of the hypophysectomized animal eliminating problems of space feed
and care and to some extent postoperative mortality

As noted earlier Becks Ribrick Marx and Evans!! reported on the eatly
effect of hypop y and of d d ration of growth
hormone on the width and histology of the epiphyseal cartilage In these
expertments & group of rats hypophysectomized at 26 days of age were
mjected for 4 days with 40 micrograms daily of a growth hormone prepara
tion starting on the day of operation On day 30 they were sacnificed and
compared with normal and hypophysectomized control ammals It was
found!? that whereas the operated control ammals showed a decrease of
approximately 30 per cent in the width of thewr epiphyseal cartilages the
amumals marmtamed on growth hormone showed cartilage widths mndistin
guishable from the normal control group These results suggested that an
assay with sensitivity equal to that of the regular procedure mught be
formulated i the form of a assay C quently 2 number of
experiments were mstituted to determine the dose response characterstics
of maintenance therapy Female rats were hypophysectomrzed at 27 days of
age and, startmg on the day of operation didfferent groups of apmals
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dose of growth hormone divided mto two equal injections (8 am and
5 pm ) 1n no way differs from that resulting from single daily injections

Length of the Injection Period In their onginal report on the  titna test
assay habrick et al M reported that n the course of daily imtrapenitoneal
injections of growth hormone a rapid ncrease n cartilage width was ob
served up to the fourth day with a leveling of the response begnmng at the
sixth day of mjection Greenspan, et al ** have also inquired 1nto the effect
of the peniod of imjection finding that admimstration of the hormone for
1 to 2 davs did not allow a maximal reaction while daily wjections for
either 4 or 5 days permitted a i to be The
responses mnduced by growth hormone admlmsmed for erther 3 or 4 days
were found to be comparable up to a certain upper it which for the
3-day penod was 290 micra and for the 4 day penod 340 micra This
means as our own recent expenience has indicated that the lower plateau
attained by the resp )| g the 3-day nj peniod offers no great
practicl drawback since the hormone 15 usually assayed at dose lewels
yielding, responses that fall 1n the middle of the dose response curve For
example m parallel experiments in which total doses of 20 60 and 120
micrograms of a growth hormone preparation were injected over a penod
of 3 or 4 days no sigmficant difference was found 1n the responses at each
dose level so that similar dose response curves could be constructed Fur
h the dard error of the resp at each dose level in the
3-day test was not sigmficantly different from that for the longer mjection
period

In summary either male or female hypophysectomized rats which 1n
12 to 14 days following hypophysectomy at 26 to 28 days of age show
neither excesstve weight gain nor loss have proven to be satisfactory assay
ammals Moreover such ammals must be kept on an adequate diet and
should not be subjected to antibiotic 1n the period unmediately
preceding mitiation of hormone administration Neuther the mode of njec
tion of the hormone the nature of the injection vehicle nor the frequency of
mjection prod any of the resp to a given total dose
of homwne Fially for all practical purposes the total dose of hormone
may be 1njected over a period of 3 4 or 5 days with little or no difference
n the responses

Speafiaty of the Tibia Test

Shortly after the mtroduction of the tibia test as an assay procedure for
growth hormone Marx Sumpson and Evans'? reported on the specificity of
the method They found that while the cartilage width was shghtly decreased
by the action of ACTH on the other hand a shight enlargement of the
cartilage was produced by thyroxin and to a lesser extent by thyrotropic
and lactogemic hormones Charactenistic of this non specific increase 1n
disc width was the failure of the cartilage to exceed a final width of 200
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antibsotic therapy with either aureomycm or Terramycin® has been investt
gated Ina typical expeniment which we recently have performed 2 5mg of
Terramycin® was admintstered intraperitoneally every other day for a period
of 16 days, starting on the day of operation At sacnfice these anmals
possessed discs with an average width of 176 nucra compared to a control
value of 163 micra In other experiments with the two antibiotics mentioned
above values up to 196 micra have been obtamed When mjections of
growth hormone are supermposed upon the adminustration of antibiotics
the growth response 1s usually found to be enhanced probably as a result
of a more favorable substrate for growth activity Howener, a great degree
of vanation 1 response 1s obtained since not all ammals appear to react
equally to the course of admmstration of antibiotics

Mode of Injection and the Nature of the Injection Vehicle The effect of
varymg the route of admmmstration of the hormone has been prevmusl)'
nvestigated by Greenspan and his co workers ¢ No sigmificant differences
1n the mean responses were observed among groups of ammals which 1¢
ceived a standard dose of growth hormone either subcutaneously intrapes!
toneally or mtravenously Qur own results have been entirely confirmatory
with respect to these findings

In addstion to the expenments 1n which the mode of injection was varied
we conducted others to deternune the effect of changmg the vecle for
mjection The media employed were 25 per cent polyvinylpyrrolidone
5 per cent beeswax peanut oil 16 per cent gelatin 2 per cent polyphlorett
phosphate (pH 5) and 2 per cent hesperidin phosphate (pH 8) The growth
hormone has also been administered 1n the form of a suspension 1n zin¢
phosphate at pH 6 All soluttons or susp were ad d sub
cutaneously 1n volumes of 0 1 to 025 ml daily None of these delaying of
protective vehicles was capable of enhancing the hormonal effect over that
obtamed with a simple aqueous solutton njected subcutaneously As 2
matter of fact adminstration of the hormone i solutions of polyphloretin
phosphate or hespenidin phosphate resulted 1n a definite nhibition of the
response this result can be attnibuted to the toxicity of the additives smce
rather complete mhibition was also observed when the diluent and the
growth hormone 1n simple aqueous solutron were adminstered separately at
different injection sites

Since some of the protective media exert their effect through an ant:
hyalourontdase action ' the growth hormone was admumstered subcuta
neously m a solution containing 250 turbidity reducing umits of hyalouront
dase (Wydase® Wyeth) per datly mjection volume The hyalouromdase
solution proved to be without effect on erther the control level or on the
response elicited by the hormone

Frequency of Injection We have confirmed and extended the findings of
Geeenspan et al 1% which mndicate thas the response obtained follow.ing
the ad either ly or traper y of a daily
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Table 3

THE SYNERGISTIC LFEECT OF THYROXIN (Tx) ON THE RESPONSE
TO GROWTH HORMONE (GH)

Width of Un
Darly Dose* No of calcified Car GH Equuv i
Preparation ) Rats tilage Plate (ug)
(micra)
Tx 025 9 171 ~0
GH(L2189D) 625 7 208 17
Tx + GH 025+ 625 10 231 42
Uninjected —_ 165 0
Controls

* Administered for a period of 4 days
t From standard curve Fig 4

tion} mcreased the cartilage width to 192 micra The co adminmistration of
this dose of TSH with a standard dose of growth hormone did not produce
any wideming of the cartilage greater than what would be produced by
growth hormone itself A ly greater resp could be ob d
with growth hormone however following maimtenance therapy with 200
mlcmgxams dally of TSH It 15 evident that very large doses of thyrotropic
d to dupl the results d with gram units
of lhyroxm Thc dosages of TSH required to produce an effect are so large
that 1n the small amount of TSH expected to exist as a contamumant of
growth hormone it would have httle or no effect on the response
In further pursuit of the problem of the interaction of the thyrord with
growth hormone a scnes of expenmcnts was undertaken with doubly
antmals # It was observed

hypopt

lhal such test apimals were P to of growth h

the order of sensitivity being about one twentieth that of lhe hypoph)sec
tomized animal However if a dose of tt

to these ammals therr sensttivity to growth hormone 1s pamally restored

It seems apparent from all of these results that the tbia line test1s a
sensitive test because of a small amount of thyroxin still being secreted
by the thyroid of the hypophysectomized amimal Scow Stmpson Asling
Lt and Evans ® had arnved at a smilar conclusion m explaming why
growth hormone 15 less effective than thyroxm 1n stimulating growth of
thyroidectomized ammals

Adrenal Steroids ACTH and the Adrenal The observation that ACTH
adminsstration Jeads to further marrowing of the eprphyseal cartilage of
hypophysectomized ammals was first reported by Marx Stmpson L1 and
Evans 3 When ACTH and growth hormone were both given 1o test ammals

1 Obtasned through the courtesy of Dr § Steelman of the Armour Laboratories
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micra as well as the lack of proportionality between dose and response The
detarls of these and other more recent expeniments are reported below

Thyroxin, Thyrotropic Hormone and the Thyroid * The effect of thy
rordectomy 1n producing almost complete retardation of skeletal maturation
1s now well recognized as 1s the synergistic effect of thyroxin on osseous
growth mduced by growth hormone (see ref 23 for a detailed review}
There scems little questron then that the trinity of thyrotropte hormone
thyrotd gland and thyroxin exerting their effects through the agency of
thyroxin (or truodothyronine) may influence the width of the epiphyseal
cartilage by themselves or may modify the response to growth hormone It
has been ponted out above that Marx et al found that thyroxmn produced
a non specific increase 1n the width of the cartilage These mcreases were
found following admnistration of from 5 to 30 mucrograms of thyrous
(presumably pL) daily We have confirmed these results finding an aver
age width of 201 micra 1n 26 rats injected with 2 micrograms daily of
L thyroxin compared with a control value of 165 micra By adminstenng
thyroxin jointly with growth hormone during the 4 days of the mjectiod
period a new standard dose response curve can be constructed which has
essentially the same slope as the curve 1n Figure 4 However, the whele
curve 1s chsplaced toward the left 1n the direction of lower total doses of
growth hormone This curve indicates that the synergistic effect of thyroxin
with growth hormone effectively increases the response to equal that
obtamned from tnple the amount of growth hormone alone A similar curt®
may be constructed after the injection of graded doses of growth hormon®
mto rats which have been mamtamed during the entire postoperative pcnod
with 2 micrograms daily of L thyroxin Control animals mamtamed 1n this
manner possess an average cartilage width of 218 micra Simlar results
for both types of experiment have been obtamned with daily doses of
thyroxin rangmng from 05 to 10 micrograms In Table 3 the results ar
presented of experiments in which a standard dose of growth hormone was
admimstered together with only 025 mucrogram daily of ¢ thyroxin Since
at this dose level thyroxin alone produces little or no mnecrease mn cartilage
width the synergstic effect of thyroxin 1s more obvious

The wmport of these expenments 1nsofar as they concern the assay of
pitustary preparations for growth hormone activity lies i the effect pro-
duced by 1on with thy pic hormone When we admunistered
200 micrograms per day of a thyrotropic hormone preparation + for 3
period of 4 days  the resulung epiphyseal cartilage width did not differ from
the control value A daily dose of 500 micrograms of another TSH prepars

« Much of the data i this section has served as the basis of two previous r¢
ports?” 2* from this laboratory

+ Obtatned through the courtesy of Dr I Gordon Fels of the Institute of Expen
mental Biology Berkeley
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Table 4
GROWTH HORMONE ACTH ANTAGONISM *
Widih of Two
¢ Total Uncalofied | Adrenats | ThYMS
roup e Cartilage Plate [ (mg)
"s (mitcra) (mig )
Control —_ 163 79 164
GH(L2498) 60 244 83 176
a Corticotropint 1004 148 18 87
GH + a-corticotropint 60 + 100 251 124 109
« Cotticotropm§ 1004 116 193 44
GH + a-corticotropin§ 60 + 100 126 209 44
* 10 ammmals per group
1 Administered intraperstoneally in agueous solution
1 Equuvalent fo 10 USP units
& Administered subcutaneously 1n peanut o1l beeswax suspension
lity® of the op d animals Prel y expenments revealed that

1mg daily of DOC admimistered for 4 days had lutle effect in the hypophy
sectomized ammal either on the control response or on the response to
growth hormone Seven diys of DOC administration produced a shght
decrease 1n both the control and growth hormone response values After
10 days of imjection however a marked decrease was found in the response
to growth hormone It was decided therefore to adrenalectormize the
ammals 10 days after hypophysectomy that 1s 3 days prior to the start of
the growth hormone mjection peniod This would allow the amimals
sufficient time to overcome the effects of operative trauma and yet nunimize
the period of time over which DOC would have to be administered With
this regime all animals appeared to be m good health and no mortality was
encountered m the 8 days following adrenalectomy The increase i body
weight of all singly operated animals who recerved DOC was of the order
of 1 gram per day The results of these investigations (Table 5) demon
strated that the average disc width of the doubly operated group recetving
DOC alone was sigmificantly smaller than that of the comparable singly
operated groups this was reflected in turn i the difference between the
two groups receiving mjection of both DOC and growth hormone It should
be noted however that the mean increase produced by growth hormone
m all groups was approumately 8¢ micra Thus 1t would appear that the
doubly operated ammal receiing DOC responds as sensitvely to 4 days of
growth hormone therapy as does the usual assay ammal These results
complement the reports of Levie and Uyldert® and of Simpson Marx
Becks and Evans 32 who have made similar findings n salt and glucose
4 adrenal d and hypop d adrenal q
anumals mjected with growth hormone for longer penods of time Such
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values mtermediate between those given by ACTH or growth hormone
alone were obtamed These data were obtamed from ammals which had
been imjected daily for 2 weeks with the hormones 1 question they were
extended to the 4 day imection period of the tiia test by Marx et a1V
who showed that daily doses of 25 to 500 mucrograms of an ACTH prepara
tion (approxmnately 1 USP Unit per mg ) were capable of producing
shghtly narrower cartilage discs than those of the controls Subsequent
expeniments have shown that the degree of antagontsm between growth
hormone and ACTH depends to a farge extent, upon the ratio of the two
hormones Furthermore a wide vanation has been encountered 1 the
abihity of various crude ACTH preparations to antagonize growth hormone
We seported* at the tme (1952) that ACTH preparations with good
adrenn! weight mamtenance activity showed more marked antagomism than
those with poor actvity~—qmte mdependent of the umitage of the prepara
tions as determuned by the mtraventous adrenal ascorbic actd procedure of
Savers et all® We have very recently remvestigated the problem of an
tagomsm employing a hughly punfied prepdmnon of o costicotropin *
which 1 some exp has been ad d with growth hormone m
1 and then d sntrapenitoneally and m others has
been mjected subcutaneously in beeswax peanut od suspension These
have d rated (Table 4} that in aqueous sofution €x
tremely high doses of a corticotropin have hittle effect on the tibial cartilage
width etther when acting alone or i comunction with growth hormone
despite the fact that syumificant mvolution of the thymus has occurred When
administered in a delaymg medmm beeswax peanut o1l @ corticotropin
causes a very marked thynuc mvolutton a highly sigmficant decrease
the control cartidage width and an almost complete nhsbition of the
response to growth hormone Insofar as the practical aspects of the assay
are concerned gross contamnation of a growth hormone preparation with
ACTH should not sizmficantly alter the expected response to the growth
hormone when the injections are given as they usually are 1e mtrapert
toneally 1n an aqueous medum
The earhier work with ACTH 1s considered to have answered the problem
concerning the role of the adrenal gland on bone growth and few extensive
studies relating to this subject have been published m which synthettc
adrenocortical sterotds were employed We have had occaston to study the
effects of hydrocortisone on the cartilage widths of normal animals these
have been reported earlier In the course of an earlier mvestigation on the
use for the assay of growth hnrmonc prcparalmns cumammared with
ACTH of the doubly operated hypophy s
mal we undertook 1 study on the effects of 11 desoxyco:ucostemnc
(DOC) with the expectation of using this sterord to decrease the high

“+Reported at the Annual Mectngs of the Endocrine Souiety lune 1952 See
ref 27
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discussions m refs 34 and 35) We hase repeated those experiments which
have some bearing on the significance of the ubia test and the results are
recorded 1n Table 6 These data demonstrate a highly sigmficant
(P <0001) augmentation of the growth hormone response by | mg daily
of testosterone the steroid alone does not alter the control cartilage width
However no sigificant augmentation was evident when doses of growth
hormone were employed which th lves gave resp of the order of
250 micra or more (comparable to the conditions employed by Simpson et
al 31) The nature of a loganthmic function cunve s such that with a reason
able vaniation n the response a small augmentation would not be readily
detectable at very high levels of response When 0 1 mg daily of testosterone
was employed rather than 1 mg a small but sigmficant increase m the
control cartilage width was observed as well as an even greater enhance
ment of the tibal response to growth hormone than that reported above
and in Table 6 Thus a daily dose of 0005 mg of a growth hormone
preparation (L2518B) resulted 1n an average cartilage width of 196 micra
whereas the hormone given together with 01 mg daily of testosterone
produced an average width of 231 micra

Table 6

THE EFFECT OF ADMINISTRATION OF TESTOSTERONE PROPIONATE (TP) OR
ESTRADIOL BENZOATE (ES} ON THE RESPONSE OF THE TIBIAL
CARTILAGE TO GROWTH HORMONE (GH)

Daily W dth of Tibtal
Expersmental No of | Epiphyseal Cartilage | GH Equn t
Series Dose
Condition Amimals Plate (mucrograms)
(me) (mricra
)
I ™ 10 18 165 (159-176)1 ]
GH 00075 14 221 + 20§ (207-230) 28
TP + GH 10+ 14 237 + 19 (225-249) 54
00075
It EB 05 5 158 (150-164) 0
GH 0015 10 236 3 2 6 (222-246) 52
EB + GH 05+ 9 219 = 34 (200-231) 26
0015

Testosterone and estradiol admini tered subcutaneously in a volume of 01 ml
+ From standard curve Fig 4
4 Range of responses m parentheses.

Mean = standard error

In a compamon study to one concerned with the effect of estrin tmplants
on the tibia of young normal female rats Kibrick Simpson Becks and
Evans® reported on the Iack of effect of estrin mplants on the tibias of
hypophysectomuzed rats We have injected ammals for 4 days with 0 5 mg
daily of estradiol benzoate and have found that although admimstration of
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Table 5

THE EFFECTS OF DESOXYCORTICOSTERONF (DOC) AND OF GROWTH HORMONE
IN THE HYPOPHYSECTOMIZED-ADRENALECTOMIZED RAT*

Total Dose Width of
Operative 1 d Carnlage
Conditiont boct GH Plate
(mg ) rg) (micra)
0 0 165
7 0 149 (142-159)§
4 40 234 (229-241)
7 40 230 (222-238)
7 0 121 (104-142)
7 40 201 (188-220)

* Hypophysectomy (H) at day 27 Adrenalectomy (A) at day 37
4 H—6 animals per group H-A—8 animals per group

1 Adnmunistered daily for 7 days beginning on day 37

§ Range of responses in parentheses

doubly operated antmals recerving DOC are useful for assaying the degree
to which an ACTH preparation 1s contaminated by growth hormone

Gonadal § ds, Gonadotropimns and the Gonads Few reports exist of
the effects of gonadotropins per se on skeletal growth This problem has
been attacked mainly through study of the effects of ablation of the target
organs or by consideration of the changes produced by admimstration of
the gonadal sterords Among the steroids the greatest attention has beer
paid to the effects of testosterone and the estrogens whereas httle has been
reported with respect to the effects of progesterone adminstratson on boné
growth

The results of admistration of to hypoyl d ant
mals have been reported by Siumpson Marx Becks and Evans® and by
Reiss Fernandes and Golla? The former authors reported an mncrease 1N
the width of the epiphyseal cartilage following treatment long after opera
tion of hypophysectomized female rats with 0 1 or 1 mg daily of testosterone
for 10 days However under the conditions of the growth hormone assay
procedure  daily mjections of 005 or 1 mg of the steraid produced ne
detectable change from the control group The mjection of 025 mg datly
led to some aug (probably not ) of the resp to 2
daily dose of 100 micrograms of growth hormone Reiss et al 3 however
have claimed that daily mjection of 4 mg of testosterone for 14 days
markedly inhibited cartilag growth produced by 5 mg daily of a
growth hormone preparation This lack of agreement between these two
groups of workers 1s magnified :nany fold tn the literature on the effects of

castration or of ¥ m

p ammals (see
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Table 7

THE EFFECT OF LACTOGENIC HIORMONE ON THE WIDTH OF THE
PROXIMAL EPIPHYSEAL CARTILAGE OF THE TIBIA

¥adth of
Daily Uncaleified
No of Sex of "
Preparation (D’:g:z) Rats Rats® Cx;’r, ;’t;ge
(mucra)
2C113G 25 9 F 222 (203-747)t
25 9 M 260 (242-278)
4C15 25 5 F 197 (190-207)
25 5 M 231 (227-238)
B1 025 5 M 213 (201-223)
0s 5 M 2)4(210-218)
[ F] 5 F 178 (172-185)
D623 5 M 225 {223-227)
125 5 M 290 (214-231)
25 9 M 226 (218-243)
B I botled 0625 5 M 211 (203-220)
25 5 M 223 (211-233)
R 114 0s 5 M 229 (218-240)
as 5 F 183 (178-185)
3Cs08 0s 5 M 182 (177-151)
3C82B 05 5 M 178 (172-185)

M =male F = female
¥ Range of responses in parentheses

4 Assay 2numals were doubly operated castrated at 26 days of age and hypophy
sectomized at 28 days of age

activity of lactogenic hormone % no marked loss of actvity with respect to
the tib1a test was observed (Table 7) However when growth hormone
(40 micrograms per ml ) was botled under these same conditions i the
presence of casemn (5 mg per ml ) complete loss of growth activity was
observed Other exp that 1 hormone acted
nerther as an mhibitor nor as a synergist to merease the response to growth
hormone i male and female rats rather the response obtamed was a
simple summation of effects (Table 8) Sull other expenments demon
strated that at least in the female testosterone propionate acted as a

synergist to increase the response to lactogenuc hormone (Table 8)
The possibility exasted that sex depend was a ch 1stic of the
non specific response however neither the response to thyroxmn nor to
showed this depend In the hope that use of the doubly
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the steroid does not affect the control level it significantly (P = 0001)
depresses the response to a standard dose of growth hormone (Table 6)
Progesterone admimstration (1 mg daily) was found to promote a shght
increase 1n the cartilage width of the control groups and to be without effect
on the response to growth hormone Thus among the gonadal steroids
one ent the resp to growth hormone estradiol depresses

1t and progesterone has no effect Since rather large doses of an estrogen
are required to produce an mhbition of the growth hormone response
(smaller doses are without effect) any contamnation of growth hormone
preparations with the gonadotropins responsible for gen prod
would not be expected to alter the response to growth hormone If the male
assay animal 1s employed however contamnation with ICSH may produce
a ly increased resp to growth hormone for only small quan
titses of testosterone are required to enthance the effect Whether small quan
tittes of ICSH could be expected, 13 days after hypophysectomy to cause
sufficient production of testosterone (or other testicular sterords) during a
period of 4 days 1s not known

Lactogeme Hormone * The one gonadotropin about whose actions on
the skeleton some knowledge exists 1s lactogenic hormone Marx et al¥?
reported that daily doses of 0 5 to 4 mg of a lactogenic hormone prepara
tion caused only a shight ent of the epiphyseal lage Simpson
et al 3 have cited the results of some expersments 1n which hypophysec
tomized rats were mjected with lactogemc hormone but only scant informa
tion has thus far appeared

In the course of determming the degree of growth hormone contamina
tion 1n some 1 hormone prep beng prepared 1n this labora
tory some very stuking results were obtaned which inspired a more
complete nvestigation of the effects of this hormone on the tibia test At
the same time that these first preparations were to be assayed the mvestiga
tion companng the usefulness of the male and female hypophysectomized
rat was being undertaken hence one of the lactogenic hormone preparations
was assayed m both male and female rats This preparation (2C113G)
prepared essentially according to the method described by L1 Simpson and
Evans 3 showed defimite evidence of growth hormone contammation and
i additton what 15 more nterestmg showed a sex dependent response
(Table 7) With preparations (4C15 and B 1) which had been submitted
to counter-current distribution 33 the degree of the response was smaller but
the sex difference remamed 1t was further observed that the response to
lactogenic hormone i the male reached a maximum of approxmately 225
micra When a preparation 1n 0 5% neutral solution was boiled for 15
minutes conditions which are known to have hittle effect on the crop sac

_—
¢ The experiments on lactogenic hormone were carned out m collaboration with
Dr R D Coleof this Jaboratory
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A4t 1 d.

P pop! ated rat would supply some information
concerning the basis of this sex dependence rats of both sexes were
castrated at 26 days of age and hypophysectormized 2 days later Adminis
tration of lactogenic hormone (B III) to these animals produced the typical
sex dependent response (Table 7)

It will be recalled that the first 1 hormone preparation employed
2C113G evoked a marked response even mn female assay ammals This
was 1 contrast to the findings of Marx et al 17 who as noted above found
only shight enlargement of the cartitage with comparable doses of the
hormone The hormone employed by these workers was prepared by the
method of Lyonst® which mvolves treatment of the preparations with
ammonum hydroxide solutions of one third concentration for 3 hours at
room temperature The method of Lt et al 37 used for the preparation of
2C113G omnts this step In order to test the possibility that treatment of
the hormone with ammonta 1n some way destroys that activity which 1s
measured by the tibia test two preparations of the hormone prepared by the
method of Lt et al were dissolved 1n ammonium hydroxide solution From
these solutions the hormone was re isolated (3C50B and 3C82B) and
then tested for growth activity The results of these assays demonstrate an
almost complete loss of such activity in the male rat following treatment
with ammoma (Table 7) These preparations are fully active 1n the crop
sac assay and the only change in their chemustry that has been found 1s an

alteration of their electrokinetic bel (p from
Dr R D Cole)
There seems Iittle q that prep 2C113G was d

with growth hormone to the extent of Q 3 per cent Punfication of such a
Ppreparation by means of counter current distnibution eltmmates the bulk of
the growth hormone contamunant but apparently leaves behind another
factor which shows actity according to the tibia test This factor how
ever differs 1n several respects from growth hormone (1) the response
elicited by 1t 1s dependent upon the sex of the assay ammal (2) 1t 15 more
Tesistant to nactvation by bolng and (3) the maximal mcrease m tibral
width that 1t induces 15 approximately 225 micra as compared with ap

proumately 330 micra produced by growth hormone These differences
cannot be explaned 1 terms of any possible modification of the effect of
the contammant by the lactogemc hormone 1tself since previous expert

ments which were carried out on the effect of growth hormone added to
lactogemc hormone demonstrated that the response of the tibia to the
former 15 unaffected by the latter i female rats and 1s not synergistically
enhanced 1 male this would leave the sex dependent response still un

explamed The same expertments also mdicate that the lactogentc hormone
does not mterfere with the maximal tibial response of 330 micra produced
by growth hormone For these reasons the existence of a discrete factor 1s

suggested In terms of the tibia test such a factor—if 1t exssts would be
—
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Conclusions

Measurement of the increase in the width of the proumal epiphyseal
cartilage of the tibia 1s the most sensitive test known for the determination
of growth hormone activity Additional advantages dertve from the small
amount of hormone required to perform the test and the short duration of
the assay procedure compared with the other recogmized tests for growth
hormone activity As has been shown n this paper when the assay 1s
performed in accordance with recogmzed statistical design and with a
standard growth hormone prep on 11 ducibility of assay
results for an unknown prcpamuon may be expectcd

For growth hormone preparations the test 1s also very specific The
expected contaminants of such preparations namely the other piturtary
hormones 1n the range they would be encountered 1n such prcpnmnons
would not be expected to affect the resp of the hypophy
female rat to growth hormone the male rat may respond differently How
ever the standard assay procedure 1s of hittle use in determining the amount
of a growth hormone contanmnant i preparations of other pituitary
hormones for with hormonal doses of the magnitude that would ordinanly
be employed to reveal a growth hormone contaminant the major hormone
would probably affect either the control disc width or the response to the

For such the removal of the target organ for the
major hormone m addition to removal of the hypophysis results in an ap
paxcmly adequate assay animal In the specific case of the thyrordectomized

d rat repl therapy with 0 5 to 2 mucrograms daily
of (hyroxm 1s necessary to restore partally the sensitivity of the end organs
response to growth hormone In the case of the adrenalectomized hypophy
d animal therapy with y has been
employed to decrease the mortality rate

Expeniments with lactogenic hormone preparations have suggested the
eustence of a growth factor which causes an increment tn the width of the
tibia but which has charactenistics entirely different from growth hormone
tself for example 1t invokes a sex dependent response 1t 1s more resistant
to inactivation by boiling and the maximal response which 1t induces 1s
lower than that produced by growth hormone Further studies are necessary
to clanfy the nature of this factor
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expected to have little effect in female assay amimals but concervably could
affect the response to growth hormone of male assay arumals

Other Endocrine Factors (1) Hormones of the Pars Nervosa and Pars
Intermedia Nothing 1s known of the effect on the tibra test of these
hormones ubiquitous contaminants of anterior pituitary preparations It
would be expected that the toxicity of Pitressin® so very marked m hy
pophysectomrzed rats would depress the response to growth hormone

(2) Hormones of the Parathyroid Glands Parathyroid extracts and
parathyroid gland ablation have very well known effects on skeletal growth
and development Expeniments carried out 1n this laboratory with para
thyroid extracts (Lilly) have shown that the hypophysectomized rat can
tolerate only about one twentieth of the unitage of such commercial ex
tracts as the normal animal However daily doses of from 5 to 10 umits do
not affect the response to a standard dose of growth hormone

(3) Hormones of the Pancreas Both pancreatic glucagon and msuln
have been 1 d in the physiol 1 resp to growth hormone
Elnck* reported that glucagon produced a shght mncrease mn the tibial
cartilage disc width but Geschwind and Staub’ were unable to confirm
this with a highly punfied glucagon preparation

We have left for last a discussion of the action of msuln on the wdth
of the cartilage plate In a highly mteresting report Salter and Best*® have
suggested that msulin can function as a growth hormone and have 1€
ported a widening (increment of approximately 75 micra) of the tibul
epiphyseal disc following admimstration to hypophysectomized rats of
gradually increasing doses of protamine zinc mnsulin for 15 days beginning
2 weeks postoperatively These increments however were well below those
produced by growth hormone admimstration to such ammals We hawe
endeavored to determine the effects of zine msulin or protamine zinc msulin
(Lally) admunstered during a 4 day period on the tibia test Zinc nsuln
has been mjected intraperitoneally n a daily dose of 002 umt with no
mortality resulting among the assay ammals 1f 1 ml of a 20 per cent glucos
solution was mnjected intraperitoneally one half hour after the hormone
mjection With this dose of msulin no effect could be observed on the
cartilage width More recently we have administered subcutancously 01
unit datly of protamne zinc mnsulm Even with constant care and repcﬂted
glucose injections a 70% mortality was encountered In those ammals
which did survive a definite depression of the control cartilage disc width
was observed Our condtions differ from those described by Salter and Best
1 that our standard assay ammal ts hypophysectoruzed at an earlier age
that the ammals employed were female and undoubtedly of greatest 1m
portance that we did not use the same dict To alter the assay procedure to
conform with these differences would result in a modified procedure yield
Jonger comparable with those obtamed from the standard
no longer relevant to this discussion

g results no
procedure and
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DISCUSSION

Broassay, Preparation and Physicochemical Properties
of Growth Hormone

Designated Discussion

ALBERT SEGALOFF (Alton Ochsner Medical Foundation) We have seen
this morning some truly excellent results of a great deal of study Dr Russell
15 to be complimented not only for working out what appears to be a rea
sonably short assay for growth hormone effect on artrogen metabolism but
for achieving an assav which 1s quite reproducible Those of us who have
attempted unsuccessfully to do this realize how much work Dr Russells
study represents
The ubial hine assay 1s one of great sensitnity and we agree thoroughly
with Dr Geschwind 1n respect to the factors which are involved in the
assay There 1s one additional pornt whih I think should be mentioned and
this relates to the application of the tibial line assay and other assays to
biological fliids either from man or animal We have been particularly
terested 1n the growth hormone assay of plasma and mentioning this brings
up an additional thought 1n regard not only to the circulating hormones but
to the plasma proteins and other constituents of plasma Thus I mught add
to Dr Geschwinds discussion that we have been unable to demonstrate
any sigmficant effect on the assay of growth hormone preparations when
plasma proteins are added n amounts which we have used in assaymg the
growth hormone content of plasma As far as the assay effects of thyroun
and TSH are concerned 1t has been our finding that thyroxin 1n amounts
comparable to that contaned 1n plasma used m the four day assay has no
fi fl on the sensitivity of growth h We feel there
fore that mn assaying plasma circulating thyroxin 1s not a factor The same
1s true for ACTH At the moment I dont know how to interpret the effect
of the prolactin We too have seen some effect from prolactin preparations
which we had mterpreted as being due to growth hormone contammation
T am afraid we must now take another look at the problem of prolactn to

determune whether or not the amount in plasma produces a significant con
tnibution
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reference standard The plasma level appears to go neither up nor down
with the advancing years of our patients We have some additional data and
the values all seem to stay withm the same range

In summary allowmng us the fact that the assay 1s specific and that the
factor we are talking about 1s growth hormone 1t does exist m plasma at
least and 1t does assay quite reproducibly

General Discussion

FRANCIS D W LUKENS {Umnersity of Pennsylvama) 1 would like to ask
Dr Russell if she has used trr 10dothyronine 1 “n attempt to determine the
relation of the thyroid to her rather short lasting test I would like to ask
Dr Geschwind what 1s known about the tibta test in species other than the
rat

JANE RUSSELL There 1s a very simple answer to that question No we have
not had any trt 1odothyromne to carry out the experiment

IRVING GESCHWIND The mouse 1s the only other species which I know has
been used for the assay Miss Lastrow 1n our Iaboratory has used the hy-
pophysectomized mouse with results which are comparable to those ob-
tained 1n the hy pophysectomized rat

ALBERT SEGALOFF We have also used the mouse with excellent results The
immature mouse 1n our hands 1s about 10 times as sensitive as the imma
ture rat Itas g that m the guinea pig experiments we
have found the same failure of growth of the tibial line as has been reported
by the Montreal group In other words we have been unable to increase
the tibial line width of the immature hypophysectomized gumea pig with
beet or pork growth hormone preparations

HANs SELYE (Umiversity of Montreal) We have performed some expen
ments which rather stnkmgly support what Dr Weiss said this morning
and also what has been reported 1n connection with the tibi2 test namely
that the same hormene can stumulate growth m one place and mhibit
growth in another It was particularly unexpected to find that even tn bone
itself stimulation and snhibition may go parallel The data in Figure 2
illustrate this This expertment was published last year 1 Anpales den
docrinologie but perhaps many of you havent seen it that 15 why I
brought the picture along On the right 1s the lower end of the femur of an
ammal treated with growth hormone or somatotropin (STH) We prefer to
call 1t the latter because 1t doesnt mean so much On the far left 1s the
femur of an animal which has been treated exclusiely with an estrogemc
preparation stilb 1 rally occurring estrogens work the same way
Tt 1s evident that the estrogen alone produces some bone spreule deposition
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There 15 one problem however which I dont know how to answer It
relates to assay effects of antibiotics which Dr Geschwind discussed Con
sidening the fact that many of our feeds now contain not inconsequentio!
amounts of antibiotics may explain some of the week to week vanatons
most of us find in the assays
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With these remarks 1 think 1t 1s mteresting that n a large number of
patients with clinical conditions and whose plasma samples we have at
tempted to assay for growth hormone we have not found a very great range
In other patients particularly n the few with active acromegaly we have
found plasma assay values which I think are well above anything due t0
chance In our patients with unquestionable pan hypopituitarism we have
consistently found negative values In this group of patients we have seen 2
few who had not only measurable amounts of what we like to consider as
growth hormone or at least tibial width increasing material but also de
tectable amounts of gonadotropins both in plasma and 1n unine These cases
must be dered as climcal ples of incompl an hypop
as far as assays go Now 1n Figure 1 I have plotted a few of our control
values In essence we have found 1t necessary to use pooled specimens 10
obtain Jevels m most of the small children There are a few zero values
which 1 am unable to explamn This may not be necessary but there are
some The highest value we have seen in IEIESE controls was 40 micrograms
per ml eq lent to Armours 22hR-2 which was our only
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GEORGE MicHAELS (Highland Alameda County Hospital) I wish to present
a procedure for the assay of pituitary growth hormone This 15 done by
preparing cotton gauze squares of twelve fold thickness and of medim
weave cut approumately 1 cm 1n diameter These squares are cut carefully
so that the vanation 1n weight between squares 1s within one miligram The
experimental amimal 1s the mtact female rat weighing from 150 to 200 g

PLEDGETS
INPRECNATED CONTROL
PLEDGETS
HDRMONE

Fi6 3 Inwvivo uissue culture techmque for growth hormone assay

A median skin 1ncision on the abdominal wall 1s made as shown m Figure 3
and two pledgets impregnated with the hormone are placed on one side of
the rat directly under the skin two other untreated pledgets are placed on
the opposite side and the mcision 1s closed A second ammal 1s handled
in the same manner and four untreated gauze pledgets are inserted under
the skin 1n the same fashion This represents the true control The entire
procedure must be carried out under strictly aseptic conditions  After mne
days the rats are sacrificed and the pledgets are carefully dissected free,
weighed and used for chemical analysis

Gauze pledgets which had been mmpregnated with 1 mg of Armours
pituitary growth hormone were implanted 1n 20 rats Twenty more rats
wete used as controls In Figure 4 are shown the mean mtrogen potassium
and sodium values per gram of tissue which were found 1n this experiment
There was significantly more mitrogen per gram of tissue m the growth
hormone impregnated pledgets This amounted to 303 =040 mg or
more than 7 times the standard error A smaller but significant difference
was found between the true controls and the treated controls the difference
of the means being 137 == 04 milligram The potassium content of the
treated pledgets was 0 28 mg = 0 06 greater than that of the absolute con
trols The sodium content per gram was 0 24 mg == 0 06 less than that of
the controls
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but not very much Growth hormone alone increases the growth of the
whole bone but does not have any selective sclerosing effect The two
hormones together produce an mhibition of the tibal cartilage, which you
can see m the center preparation At the same time however there 152
tremendous synergism 1n respect to bone proliferation One nught wonder
whether some sort of synergistic treatment such as this could be developed
mn order to stimulate bone growth 1n problems of clinical medicine What
ever the applications may be 1t 1s noteworthy that while mhibiting effects
occur at the tibal junction Iime a synergism takes place elsewhere

Fie 2

RITA CARRIERE (McGill University School of Medicine) 1 would like to
ask Dr Geschwind 1f he has tnied using hypophysectomized thyrotdec
tomized anumals for pertods of say 3 weeks or so? If so did he get a con
tinued response to growth hormone? Is the response enhanced by thyroxin
and 1f so by how much?

IRVING GESCHWIND I am afraid I didnt make that point clear durning my
talk We have used hypophy d thyroid, d animals and they
showed a markedly depressed sensitivity to growth hormone If you ad
muster small amounts of thyroxin to such animals you only partially re
store their sensitvity to growth hormone The order of sensttivity 1n a doubly
operated animal 1s only about 1/20th that of the hypophysectonuzed amimal
In respect to the duration of response to growth hormone T was concerned
solely with that Jength of time 1nvolved 1n the assay period atself which 15
four days of mjection The animals were thyroidectomized and hypophy

sectomized two to three weeks previously
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Comparative Biochemistry of Growth Hormone
From Ox, Sheep, Pig, Horse and Fish Pitwitaries

Alfred E Wilhelm:

Division of Basic Sciences in the Health Services Emory Umiversity Georgia

A growth hormene preparation from hypophyseal tissue and of high
pumy was first made by L1 Evans and Simpson® in 1945 and i the years
ding An tmproved method yielding much larger quan
tities of a crys!allme product of a similar order of punty was described
1948 by Wilhelm: Fishman and Russell * Ox pituitaries were the source
matenial for both of these preparations which have been studied most exten
sively and used widely in work on the biological activity of growth hormone
Raben and Westermeyer® in 1951 described the preparation of an active
growth hormone as a by product of the preparation of ACTH from pig
pituttanes This matenal prepared by a method radically different from
those used for the 1solation of the hormone from ox glands 1s also strikingly
different 1n 1ts solubility properties No detailed chemrcal study of the
growth hormone prepared from pig piwitanes seems to have been pub
lished Thus far then the only preparations of punfied growth hormone
which have been made available for physical chemical and biological study
are those derived from ox and pig pituitanies
During the past five years work mn our laboratory has furnished oppor
tumty for the 1solation and study of active growth hormone preparattons
from ox sheep pig horse and fish pituntary glands The observations are
atpresent somewhat unsystematic and by no means complete This 1s due 1
part to the scarcity of some of the starting matenials and to the urgent de
mands upon the product for other work In part 1t 1s due to limitations of
time which have not allowed us te do all of the things that clearly should
be done This paper 1s therefore only a prelimmnary report on some com

panisons between growth hormone preparations from different species of
anmals

59
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ASSAY OF ONE MILLIGRAM
PITUITARY GROWTH HORMONE
ARMOUR LOT #R52723I
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Fic 4 Differences between control and treated pledgets (N Na and K per
gram of tissue)

Thus the mitrogen and [ which are 1ntr ts
show a marked 1ncrease mn the pitustary growth hormone trca!ed pledgets
while sodium which 1s primarily extracellular decreases The differences
between the treated and untreated pledgets in the same animal indicate 2
local as well as systemuc effect of pitwitary growth hormone
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(8) The solution adjusted to pH 4 5-5 0 as before 1s centrifuged The
supernatant is combined with the first supernatant

(9) The combined supcrnatants are adjusted to pH 8 5 and 95 per cent
ethanol 15 ndded to a final concentration of 25 per cent ethanol A crystal
fine preciptate forms often shghtly colored and thss 1> centnifuged off This
15 a very active but stll impure growth hormone preparation With ox
glands at this stage the yselds average about 6 g /kg of whole fresh glands

The final process of punfication 1s achieved 1n the following steps

(10) The partally punfied growth hormone 1s dissolved 1 water at
pH 11 and to a concentration of one haif per cent Any msoluble material
1s removed by centnifugation

(11) The solutton 1s adjusted to pH 3 5-4 0 at which point it 1s clear
It 15 then cautiously made alkalne and any precipitates which form are re
moved by centnifugation These precipitates have usually been found at
pH45 55and 91 Most if not Wl of the colored impurtties are removed
m this process

(12) The pH of the solution 15 adjusted to 8 5 and 95 per cent ethanol
is slowly added m dropwise fashion to a final concentration of 20 per cent
ethanol The clean white precipitate usually not crystailine 15 centnifuged
off suspended n distilled water and lyophilized This 15 purified growth
hormone and the yields from ox glands have been of the order of 2 g /kg of
whole fresh glands

This procedure has been applied to whole fresh pituitanies of ox sheep
pig and fish and to an acetone powder of pig prtuitaries Growth hormone
preparations of satisfictory activity have been obtaned i every instance
but one As yet 1t has been mpossible 1o obtan final products of near
homogenenty and of high activity from esther fresh pig glands or acetone
po vders This applies not only to the procedure outhined 1bove but to that
of Withelmi Fishman and Russel! and to any of the intermediate pracedures
The success of the procedure i processing ox sheep and fish glands sug
Lests that growth hormones of these species and their attendant protemns
may have guite stmtar physical and chemical properties The fatture 10
obtam a highly punfied and active pig growth hormone by this method may
mean that the active principle in this species 1s not Iike that of the others

The bological activities of some of the varous preparations have been
tested 1n a number of different ways In Table 1 1s summartzed a series of
observations of weight gamn n the hypophysewtomized rats which observa
tions were made over a dose range for a number of different preparations
Our single preparation of sheep growth hormone compares favorably m
activity with the ox preparations Pig growth hormone prepared by the
Raben Westermeyer method 15 somewhat less active The pig matersal
made by our procedure 1s of a very low order of actvity The growth prepa
rations from horse pstmtaries were made by Dr Reid who used a modifica-
tion of the orgmal Lt method * They have the same order of activity as the



60 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

This work has been greatly assisted by a number of able and enthusiastic
collaborators Dr Jane Russell Dr Etic Reid Dr Grace Pickford of the
Bingham Oceanographic Laboratory at Yale who collected the fish pitu
taries used n this work and who made the observations on fish Dr George
Friedlander Mrs Joan Altrock Mr Stewart Howard Miss Helen Blar
Dr George Adrouny and Mr Raymond Owings all have rendered valuable
technical assistance  The contmumg support of the work by funds granted
by the U S Public Health Service and the Amenican Cancer Society 15
gratefully acknowledged

In most nstances the active growth hormone preparations have been
made from fresh frozen whole pitmtary glands Generous supphes of some
of these materials (horse and sheep pituitaries) were given us through the
kindness of Mr Irby Bunding and Dr Sanford Steelman of the Armour
Research Laboratories Dr C E Graham of the Wilson Laboratores
kindly furnished us with fresh whole pig glands with one of therr Raben
Westermeyer preparations and with a Jarge sample of the acetone pow der of
pig pituitaries from which that preparation was made

The method by which most of the growth hormone preparations weré
made differs considerably from that outhined by Fishman Wilhelmt and
Russell accordmgly 1t 1s briefly outhined as follows

(1) The fresh frozen whole pitutaries are muxed with solid carbon
dioxide and ground to a fine powder

(2) After the carbon dioxide has evaporated the cold mush 1s suspended
m 0 3 M KCl solution (5 ml /g of fresh glands) the pH of the mixture 18
adjusted to 55 and the extract 1s stirred mechamically overmght Ths
and all subsequent steps are carried out m a cold room at 0-5° centt
grade

(3) The extract 1s centnfuged and cleared if necessary of floatng
particles by passing 1t through a glass wool plug and the pH 1s adjusted
085

(4) Ninety five per cent ethanol 1s slowly added dropwise to the
vigorously stirred extract and n an amount suffictent to bring the ethanol
content to 10 per cent The precipitate 1s centrfuged off and discarded

(5) Ninety five per cent ethanol ts added ta the extract as before until
the ethanol concentration 15 30 per cent A precipitate forms which contams
the greater part of the growth hormone of the ongmal extract It 1s a crude
growth hormone concentrate

The crude concentrate 1s further punfied n the followng steps

(6) The precipitate 1s redissolved m 0 1 M KCl at pH 11 such that a
final concentration of one per cent protemn 1s reached

(7} The pH of the solution 1s adjusted to 4 5-5 0 that pH being selected
at which lation of the precip 15 most plete The p 15
centnifuged off the supernatant 1s decanted and set aside and the preciprtate
15 redissolved at pH 11 1n half the ongwnal volume of 0 1 M KC1
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Fic 1 Effect of ox and of fish (pollack) growth hormone on weight and
Iength 1n the hypophysectomized hillifish Fundulus heterochtus From G E
Pickford Endocrinology 55274 (1954)

Two pig preparations and 2 fish preparations have been compared with
ox growth hormone 1n respect to the retention of admmnistered amino acid
nitrogen 1 the nephrectomized rat which procedure Dr Russell has de
scribed mn a preceding paper By this test both the Raben Westermeyer pig
preparation and one of our own were about equally active but they were
only about one tenth as active as the ox hormone used as a standard The
first fish preparation was not enly mactive but also somewhat toxic No
effect was obtained with the second fish preparation when 1t was given at
adose level of 1 mg per rat or shghtly over 3 times the dose of the standard
ox hormone required to give a maximal response

Two senes of observations have been made with fish growth hormone
studying 1ts effect on the level of cardiac glycogen 1n the rat during the first
12 hours of a fast These are summarized m Table 2 1n which the data on
the response to ox growth hormone are presented for companson At a
total dose of 1 mg per 100 g of body weight the fish (pollack) hormone
produced a small increase 1n cardiac glycogen over that of the controls but
the mean diff s not Wken the h was given at a

dose of 2 mg per 100 g no significant effect on the cardiac glycogen was
observed




62 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

Raben Westermeyer pig preparation The fish growth hormone was quite
mactive 1n rats In the senies of tests with the fish hormone 1t was noted
that a weight gam occurred during the first five days of the test but that all
of this increment and occasionally more, was lost during the last 5 days We
thought 1t possible that a shorter test such as the tibia test mught reveal
that the matenial was active Accordingly, the matenal was admimistered to
a series of rats for 4 days at a dose level of 2 mg /day In 2 such tests the
epiphyseal widths averaged 114 and 133 micra values which are not differ
ent significantly from the control values An active preparation of ox growth
hormone at a dose of 20 micrograms per day ncreased the epiphyseal
width to 249 micra

Table 1

GROWTH RESPONSE TO OX HORSE SHEEP PIG AND FISH GROWTH

HORMONES

Daily Dose—Micrograms
Source

20 50 100 200

ox 15(9) 18 (8) 20 (3) 29 (3)
Horse 10(3) 8 (1) 11(2)
Sheep 21 (1) 29 (1)
Fish —-1(2) 3(n —1(2)
Pig (1w) 12 (3)
Pig (w) 1(1) 5(D

‘Werght gain or loss in g /10 days
(rw) = Raben Westermeyer growth hormone
(w) prepared by method described in this paper

The assurance that we had n fact prepared fish growth hormone was
ganed from tests on the killifish Fundules heterochitus which tests were
carried out by Dr Grace Pickford Our first preparation dertved mamly
from hake piturtaries induced gams m the weight and length of normal fish
when 1t was mjected at the rate of 300 micrograms weekly and given dur
1ng the season n which these fish are normally static The second prepara
tion a somewhat purer material denved from pollack pituitanies induced
gams mn the weight and length of hypophysectomized kilhfish when the
hormone was admimistered m amounts of 300 micrograms per week for a
pertod of several weeks Data from the latter experiment are illustrated 10
Figure 1 taken from Dr Pickfords published account ¢ It will be noted
that the fish hormone was somewhat less active than the ox hormone This
may have been due to the presence m the ox hormone of thysotropin
(TSH) in an amount just suffictent to maintan a normal thyrord state 1
the treated fish The fish pitustary preparation was entirely free of TSH and
1t appeared also to be free of gonadotropic and ad ticotropic ac

tivity
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Fi6 1 Effect of ox and of fish (pollack) growth hormone on weight and
length 1n the hypophysectomuzed willifish Fundulus heterochtus From G E
Pickford Endocrinology 55 274 (1954)

Two pig prep and 2 fish prep have been compared with
ox growth hormone 1n respect to the retention of administered 2amino acid
nirogen 1n the h d rat which p dure Dr Russell has de

seribed 1n a preceding paper By this test both the Raben Westermeyer pig
Preparation and one of our own were about equally active but they were
only about one tenth as active as the ox hormone used as a standard The
first fish preparation was not only mactive but also somewhat touic No
effect was obtamned with the second fish preparation when 1t was given at
adose level of 1 mg per rat or shghtly over 3 tumes the dose of the standard
ox hormone required to give a maximal response

Two series of observations have been made with fish growth hormone
studying 1ts effect on the level of cardiac glycogen mn the rat durmg the first
12 hours of a fast These are summanzed m Table 2 1n which the data on
the Tesponse to ox growth hormone are presented for companson At a
total dose of L mg per 100 g of body weight the fish (pollack) hormone
produced a small increase 1n cardiac glycogen over that of the controls but
the mean diff 1s not When the h was given at a

dose of 2 mg per 100 g no signtficant effect on the cardiac glycogen was
observed
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Table 2
EFFECT OF GROWTH HORMONE ON RAT HEART GLYCOGEN

Number of

@
Observations Glycogen (mg )

Controls 8 325 36"
Fish 1mg 8 470 =27
Fish 2mg 6 34024
Ox 025mg 6 430 27
05 mg 6 499 + 38

* Mean and standard error
The fraction of the total glycogen that 1s extractable with
trichloroacetic acid 1s measured

A sertes of preparations from ox pig fish horse and sheep pituitary
glands were hydrolyzed in 6N hydrochlonic acid One dimensional paper
chromatograms were run on the hydrolysates using vartous solvent mix
tures Figure 2 representing a chromatogram run m n butanol/forme
acid/water 1s typical of the results obtained No gross differences m amino
acid composition were obsersed

The dimtrofluorobenzene method of Sanger ©7 was applied to the prepa
rattons of ox horse pig and fish (hake) pitustaries The runs were made
on a small scale using about 5 mg of protem because of the limited
amounts of material which were avulable Only the major constituents of
the DNP muxture could be identified and considerable losses of matersal
occurred 7 DNP alanine and DNP phenylalanine 1n approximately equal
amounts were yrelded by each of the hormone preparations exammned The
quantitatrve data were not accurate enough to establish that there were
significant vanations between the different preparations (Table 3) Simce
small amounts of protemn were used and lo ses were large 1t 15 possible
that other end groups were present but were mussed The content of
amide N 1n the different preparations determined m another senes of ex
periments was about the same 1n each instance

A number of the preparations have been subjected to paper electro
phoresis at several different hydrogen ton concentrations There were two
series of observations One was made with ox horse and fish (hake)
growth hormone and m a constant temperature room at 24 C the second
was made with two fish growth hormone preparations (hake and pollack)
1n a cold room at 10 C In the first series of observations all of the prepa
rations behaved alike with respect to mobility and homogeneity Thete were
\ndications at some pH values that all of the preparations were to some
extent heterogencous but 1n no case did 1 separate spot appear When the
mavement of the spots from the ongin was compared with that of a neutral
marher (fructose sucrose or mulin), 1t appeared that the growth hormones
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Fm 2 One paper of amino acids 1 several
ly growth I Amimno acid mixture applied at x m
amounts equwalem to about Q H mg of ongwal protein Solvent # butanol/
formic actd/water Ninhydrin stain B—ox F—fish (hake) H—horse P—pig
(Raben Westermeyer) S—sheep Each was hydrolyzed for 10 hours 1n 6N HCI

Table 3

FREE AMINO NITROGEN AND AMIDE NITROGEN IN OX FiSH HORSE PiG
AND SHEEP GROWTH HORMONES

Per cent

s a amino N Percent Per cent

ource (alamne phenyl * Crone Amde N
alanine) ysine)

Ox 003 06 070

Fish 0025 07 065

Horse 0035 06 070

Pig (rw) 0025 06 075

Sheep 001 07 075

(rw) = Raben Westermeyer preparation
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were not moving freely with the electroendosmotic flow of the buffer be
cause possibly they tended to strongly ndsorb on the paper The measure
ment of mobihties was therefore not very certam At best it may be
sard that both horse and hake growth hormones have isoelectric pomts
somewhat below that of the ox hormone the fish protem being the lower
of the two In Figure 3 1s shown a representative observation from this
sentes a glycine buffer of pH 10 2 was used The second senies of observa
tions made on hake and poltack hormones revealed (a) that the hake prepa
ration 1s constderably less homogeneous than that from pollach glands and
(b) that the 1soelectric potnt of the pollack growth hormone hes between
pH 6 2 and 72 This 1s more nearly in the neighborhood of the rsoelectric

B P F B H

i

+

Fic 3 Paper electrophoretic diagram of purified growth hormone prepara
tions tn glycine—NaCl buffer pH 102 Whatman #1 paper potential gradient
20v/em after 45 hoursat 25° C B and B oX growth hormone P pig (Raben
Westermeyer) F fish (hake) and H horse Protein applied at solid line stained
with bromphenol blue Final posttion of neutral markers  at dotted hine
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Fi6 4 Paper electrophoretic diagram of fish growth hormone preparations
mn 01 M phosphate buffer pH 62 Whatman #1 paper potential gradient
20v/cm  after 16 hours at 10 C Fg hake Fg, pollack

pornt of the ox hormone while as observed before the hake hormone 1s a
more acid protemn In Figure 4 1s presented an observation on the electro
phoretic mobilities of the hormones 1n 0 1 M phosphate buffer and at pH
62 and the pomnt at which the two preparations moved 1n opposite direc
tions 1s apparent

Using the moving boundary method a few observations were made on
beef fish (hake) horse and pig growth hormones at pH 6 3 and on fish
and sheep hormones at pH 5 8 Only small amounts of materral were avail
able and since the solubilities of the preparations were low at these pH
values the protem concentrations were only about 0 2 per cent At pH 6 3
the main components of the fish horse and pig preparations migrated
toward the anode at pH 5 8 the man component of the sheep preparation
was stationary while that of the hake hormone still migrated toward the
anode These observations are necessarily only of a qualitative character
but they indicate that pig horse sheep and hake growth hormones are all
somewhat more acid protemns than are ox and pollack hormones

Ox horse hake and pollack growth hormone preparations have been
examned in the Spinco ultracentrifuge Model E Runs were made at about
60000 rpm using a glycme bufler of 1ome strength 01 at pH 97 In
Figure 5 are illustrated 3 runs with ox (top) hake (mddle) and horse



Fi6 5 Sedimentation diagrams for ox (top) fish (hake muddle) and horse
growth hormones 1 glycine NaCl buffer pH 95 Photographs taken at 16 md
intervals after reaching maximal speed (about 60000 rpm )

growth hormones the photographs having been taken at 16 minute 1mter
vals It will be noted that each preparation contains a small heavy mmpunty
that the hake preparation sediments much more slowly than the others and
that horse and ox preparations sediment at about the same rate Hake and
pollack hormones were compared 1 a later seres of observations The esti
mates of the sedimentation constants for these runs are presented 1n Table
4 The value for ox hormone 1s somewhat lower than that reported by other
workers 8210 Both hake and pollack growth hormones have sxgmﬁcanﬂ)
lower sedimentation constants than have the ox and horse hormones

Table 4
ULTRACENTRIFUGATION OF O% FISH AND HORSE GROW TH
HORMONES
Source € Protein S > 10 3 (cor )
Ox 06 272

Fish
Hake 06 176
Hake 10 215
Hake 10 143
Pollack 10 178
Horse 12 271
Horse 06 296
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These rather scattered observations do little more than outline the prob
lem of the comparative study of the growth hormones of different speces
of animals Their mam value at the moment consists in providing better
direction to the 1solatton and punification of the hormones In the light of
the newer mformation about thetr 1 pomnts and molecular sizes
1t should be possible to redesign the methods of preparation If the mita
tions of source matenal can be overcome and if the methods of 1solation
can be adapted specifically the very pure preparations can be obtamed n
amounts adequate to permut sound detaled chemical and physical analyses

The differences among the growth hormones of different species are
already very stnking It 1s most interesting that fish growth hormone 15 1
active 1n mammals 1e 1 the Imuted number of fests so far employed
whereas ox growth hormone 1s active 1n fish This finding may be related
to the fact that the molecules are of very different size and possibly of
fundamentally different structure There cannot be too radical a difference
however since the ox hormone 1s acttve m fish and must be a protemn as
forergn to the fish as the fish protein 1s foreign to the mammal The differ
:nce m lsoelecmc poimnts among the various mammalian preparations also

m comp and posstbly mn structure Yet these are
also active o the rat the common mammahan test ammal It 15 possible
that a detailed examination of relative activities over a wider range of the
actions ascribed to growth hormone will reveal 1n fact differences which
can be related to the observed differences i chemucal and physical prop
erties

It 15 also possible however that all of the growth hormones possess a
common nuclear structure which 1s responsible for therr activity and
that the detarled differences 1n the rest of the molecule are peculiar to a
given spectes This may be sufficient to result in marked relatnve differences
of activity 1n the interspecies tests The detailed analysis of the different
highly punfied growth hormones may provide the answer to this problem
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Hypophyseal Growth Hormone as a Protein®

Chok Hao L1 Hubert Clauser 7 Peter Fpnss Becht A L Levy§
Peter G Condhiffe § and Harold Papkoff

Hormone Research Laboratary University of California Berkeley

Introduction

In 1939 van Dyke! wrote No investigator has succeeded 1n prepanng
satisfactorily pure growth promoting extract of the puturtary body There 18
general agreement that the pitwitary among endocrine glands 1s the most
mmportant regulator of growth but whether this regulation 15 effected by 3
specific gron th promoting hormone or by direct or indirect combined effects
of other pituitary hormones such as the Inctogenic and the thyrotropic hot
mones remamns an undecided ssue The only sensible verdict to
render 1n answer to the plea that the anterior pituntary elaborates (or does
not elaborate) a specific growth promoting hormone 1s the Scotch verduct
of not proved

In 1944 a h protemn p g growth p actvity
was prepared 1n this laboratory from the alkaline extract of ox anterof
pituitanes and at that time we believed the protemn to be the hormone s
The object of this paper 1s to review the evidence which has accumulated
for the last few years i support of this contention The chemical compos!
tion of this hormone protein will also be discussed and certamn structural
studies will be outlined

* Grants 1 aid from the American Cancer Soctety upon recommendation of the
Commuttee on Growth of the National Research Council and from the Albert and
Mary Lasker Foundation have made these studies possible

t Present address Laboratowe de Chimie biologique Faculte des Sciences Unt
versite de Paris

1 Present address Lind Hotmsve; 19 Copenhagen Deamark

§ Deceased August 21 1954

§ Present address National Institute of Arthnitis and Metabolic Disorders National
Institutes of Health Bethesda Md
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Method of Isolation

The first published method for the isolation of growth hormone yielded
only 004 g from one hilogram of the anterior lobe of ox pitwitaries ¢
Later Wilhelmi and hus colleagues developed an ethanol fractionation tech
mque which gave nise to a crystalline product in considerably improved
yield In the course of the past few years our onginal procedure has been
simphfied and the yield increased 50 fold @ All of the steps outlined below
arecarnedoutat 1 C

One \ilogram of anterior lobes of ox piwitaries 1s ground and stirred
wigorously with 2 Iters of Ca(OH) solution at pH 103 for about one
hour and 1s then kept frozen for at least 5 or 6 hours After being thawed
the mixture 1s centnifuged 1n a Spinco L shaped ultracentnfuge at a speed
of 20 000 RPM and the residue washed with I Iiter of Ca(OH) solution
at pH 103 The supernatant flud and the washing are combined and
brought to 0 5 saturation with respect to ammomum sulfate by the addition
of soltd (NH,) SO, The precipitate formed 15 dissolved 1n 500 ml of water
and dualyzed agamst running water for 16 to 20 hours After dialysis a
saturated ammomum sulfate solutron 1s added until the concentration of
(NH,) 50, 1s brought to 02 saturation and the muxture 15 adjusted to
pH 6 8 The precipitate formed 1s centrifuged and discarded The super
natant flmd 1s brought to 0 4 saturation by the addition of more saturated
ammontum sulfate solution at pH 6 8 and the precipitate which forms 15
dissolved 1n water and dralyzed thoroughly until salt free The msoluble
matenial instde the dialysis bag 1s dissolved 1n 200 ml of water with the
ad of 1 0 A HCl The clear acidified solutton 1s adjusted to pH 5 3 with
10 A NaOH The precip formed 1s d by centrf and
discarded The pH of the supernatant flurd 1s next increased to 6 8 and the
flocculent precipitate which occurs 1s dissolved 1 100 m! of water adjusted
to pH 10 5 by the addition of 1 0 A NaOH The resulting clear solution s
adjusted to pH § 7 with 1 0 Af HCl After centnifugation the supernatant
flurd 15 frozen and dried 1n a vacuum The lyophilized product (Fraction A)
weighs35 g

For the next step 3 5 g of Fraction A are dissolved in 350 m! of water
adjusted to pH 4 0 by the addition of 10 M HCl To this a saturated
solution of NaCl 1s added dropwise to 0016 saturation The precipitate

which forms 1s discarded after centrifugation An equal volume of saturated
NaCl 1s added slowly to the supernatant fliid The precipitate 1s then dis

solved 1n 200 ml of water adjusted to pH 10 0 by the addition of 10 M
NaOH and dialyzed against distitled water for 6 hours with frequent change
of the dralyzate The dialyzed solution 1s adjusted to pH 8 7 if precipttation
occurs the solution 1s centnifuged and the preciprtate discarded The pHs
then adjusted to 6 8 by the addition of 0 1 M HCI After centnifugation the
precapitate 15 dissolved 1n 150 m! of water adjusted to pH 9 0 by the addi
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tionof 1 0 M NaOH and lyophilized the product 1s called Fraction B The
superpatant fluid at pH 6 8 15 next brought to an ethanol concentration of
20 per cent by adding very slowly an equal volume of 40 per cent ethanol
The precipitate which forms 1s dissolved 1n 100 ml of water adjusted to
pH 9 0 by the addition of 1 0 M NaOH and the solution 1s then frozen and
dried 1n a vacuum  the lyophilized white powder 1s designated as Fraction C
The yields of Fractions B and C amountto [ 4 g and 05 g respectuely

Physicochemical and biological investigations have revealed no differences
between Fractions B and C Thus this sumplified procedure yields on the
average of 2 g of the growth hormone from 1 kilogram of ox anteror lobes
of the pituitary glands

The biological potency of the preparation as determned by the tiba
width assay method” 15 discussed elsewhere 1 this volume ® In hypophy
sectormized female rats (operated upon at 28 days and mjected 14 days
postoperatively) a daily dose of 0 01 mg caused a 12 g increase 1n body
weight 1n a period of 10 days (Table 1) Hence the growth promoting

activity of the hormone 1solated by the P dure 1s p My
identical to that of the preparation reported earhier
Table 1
BIOASSAY OF GROWTH HORMONE ACCORDING TO BODY WEIGHT
T IN HYPOPH RATS
Body Weight (mean + SE)
Dost | Noef
(mg) | Ras® Onset Final Gain in 10 Days
() ) (g)
000 10 63209 | 64x16 1
001 1t 6517 W26 13

* Hypophysectomized female rats (28 days old at operation)
were injected intraperttoneally with 05 ml of solution once daily
for 10 days on the 14th day

Homogeneity Investigations

The difficulties in defiming the punty of a protein are well known and have
been discussed by a number of investigators ® It 1s generally agreed that of
these 18 wrformuty with respect to p | and biological propertics
among varnous preparations of a protem it 1s highly probable that the
proten s pure Isolated critera of punty are not sufficient and even agree
ment among a large number of cntena does not nsure purty but only
increases the probability a single new cntenon may perhaps shaw that the
protein preparation 1s 1n fact a muxture For the last few years a numbet
of new have been developed to gate the h of
protems  these include adsorption ch phy zone el ph
countef-current distubution end group analyses etc Hence re-examination
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of the punty of growth hormone preparation n terms of these advances
would seem desirable

Ultracentnfugation 111 All the prep of growth t which
have been 1nvestigated 1n both the Spinco and the Svedberg oil turbine
models of analyucal ul i have given evid of being mono-
disperse (Fig 1) However there are indiations that the rate of sedimen
tation (S o) depends upon the pH as well as the concentration of the hor
mone protein ' At pH 993 the vanaton of S, 1n relation to protein
concentration (C per cent) may be represented by the equation

So=3194-022C

Fic 1 The schlteren pattern of growth hormone 1n a borate buffer of ph
95 and 0 1 1omic strength containing 0 1 A NaCl taken 74 munutes after cen
tnfugation at 59780 rpm at room p mn a Sptnco ul 1fuge

Boundary El h 1z El horetic of growth
hormone preparation tn an acetate buﬂer of pH 4 0 and 0 03 somc strength
m the Perkin Elmer model of the Tisehus apparatus have been made
routinely for the last few years m this laboratory In every case a single
boundary was obtamed dicating a high degree of electrophoretic homo
geneity Studies mn buffers of different pH's confirm what was observed
atpH 40 (Fig 2)

Zone Electrophoresis 13 It 1s entrely possible m connection with bound
ary electrophoresis of biologically acine protems that a single boundary
may not necessanily represent the acfual active component One of the main

Aiffieal

1n the Tiselius app 15 10 ob g fractions
from the U tube on both sides of the boundary Moreover 1t 1s only the
fastest moving o that can be m a form free from other

components It 1s particularly difficult to employ this technique for homo
geneity studies if the active protein consists chiefly of an inert matenal with
only a very small amount (1 or 2% of the highly active component The
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Fic 2 Electrophoretic patterns of growth hormone (1% solution) (A)
glycine bufler of pH 35 and D 1 1onic strength 7200 seconds at a poteatid
gradient of 5 8 volts/cm  (B) acetate buffer of pH 4 0 and 0 03 sonic strength
3000 seconds at a potential gradient of 123 volts,um  (C) glyaine buffer of
pH 115 and 006 10mc strength 2700 seconds at a potenttal gradent of 13
volts cm

SOMATOTROPIN 150 MG
07+ PH 112 175 VOLTS 72 HRS

06
05
04
03
02

o |

0

MG PROTEIN PER QI ML

Q 0 20 30 40
SEGMENT NO

Fiz 3 Zone clectrophorests of ;rowth hormone on starch in carbonate solutiof!
at pH 11 2 Taken from Fonss Beeh and 133
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b

recent develof of the technique of zone el appears to have
overcome these difficulties since by the latter method each component no
matter how Iow its concentration will mgrate as a discrete zone along the
wnert support In addwon each mdividual zone can be isolated and 1ts
chemical and biological charactenstics mvestizated separately

When growth hormone preparations were submitted to zone electro-
phorests with starch as the supporting medium 1t was found that m every
case the hormone protein migrated as a single zone (Fig 3) It 1s sig
nificant that the amount of materral oniginally applied to the trough could
be accounted for by the protein recovered from the peak and that the
growth promoting actwvity of the fractions recovered from the entire peak
was not found to differ sigmficantly from that of the starting matertal
Further the peak was divided into three fractions whose biological activity
did not differ significantly one from another (Table 2) These results
strongly suggest that the protein may be the hormone

Table 2

BIOASSAY OF SOMATOTROPIN FRACTIONS OBTAINED FROM ZONE ELECTROPHORESIS

Electrophoresis Wadth of
. Uncalcified
A | Bufer Fraction Mo of Rats® | ¢ttage of Tibia
ny
40| Acctate | Whole peak s 218 = 5 5¢
(>09)8
90 | Carbonate “ 6 23732
112 « s 230525
112 “ Peak left side 10 25 =45
(>01)
12 top 10 235539
it “ nght side 10 2130
Starting material 21 224432

Each amimal recetved a total dose of 80 v in 4 days
1 Mean = standard error
1 p values from Fishers table of ¢

Solubstity 1* There are two p i that are 11; ployed for
studies of the degree of homogeneity of protemns as determmed by therr
solubility one introduced by Northrop ! depends upon the principle of
phase rule *¢ and the other suggested by Cohn ** mvalves solubility char
actenstics as the function of salt concentration We reported previously*
results obtained with the Northrop procedure wherem the solubility of the
hormone protem was found to be constant after the appearance of the sohd
phase (Fig 4) Recent studses of the solubility of growth hormene n
(NH,) SO, solutions usmg the Cobn techmque have provided further
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Fig 4 Solubility curve of growth hormone at 5 C solvent 38 M NBCXA n
007 M phosphate buffer at pH 6 4 Taken from Lt Evans and Simpson

evidence for the homogeneity of the hormone protem A typical expenment
may be seen m Figure 5 It 1s evident that the hormone protem behaves like
other homogeneous protems n that a straight line relationship exists whet
the salt concentration 1s plotted agamnst the logarithmic function of the
solubility as defined by Cohn 7

logS§=f—Kpn

where p represents the 1onic strength S the solubility of the protem 11 §
per Iter, and K and B characteristic constants for the protemn under
investigation

The data 1n Figure 5 were obtamned from studies of the solubility of
growth hormone m ammonium sulfate solutions 10 ml of a 1% aqueous
solution of growth hormone was added to 90 ml of a buffer solutio?
Buffer solutions were prepared by mixing saturated (NH,) SO, solutod

oz

0494

061 SOLUBILITY OF GROWTH
HORMONE N (NHe)2 S0¢
SOLUTIONS AT 22 ¢

08

LOG OF SOLUBILITY(S) GMS PER LITER

0 20 30 s0 50
I0NIG  STRENGTH {u)
Fig § Solubility of growth hormone m (NH,) SO, solutions at 22 C
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m the appropnate vofume for different concentrations with 25 mli of
cusate buffer of pH 5 7 and 0 2 sonic strength and sufficient water to make
a otal of 50 ml The protewn solutions were kept at 22° C for 24 hours with
occasional sumng  After centnfugation the protemn concentration was
estumated from the UV absorption at 275 mu in a Model DU Bechman
spectrophotometer

Adsorption Chromatography ** Althou,h the adsorption and eluttont of
protemns have been subjects of study for many years 1t 1s only recently
that adsorption chromatography has been used for the mvestigation of the
punty of protems ** While basic protems of low molecular weight have
been chromatographed suceessfully by means of both elution and partitron
techmques protewns of high malecular werght because of the srreverssbility
of ther adsorption have been subjected to chramatographic wyestigation
without much success ¢ We have recently discovered!s that the hormone
protemn can be adsorbed onto a Hyflo Super Cel® column with buffers of
a pH below the 1soelectric point and that the adsorbed protein can be eluted
as a single peak by mcreasing n erther a contmuous or discontmuous
gradient, the pH of the developing sohvent No loss of biological activity was
obsenved after the had been repeatedly sub, d to tius &
of adsorpuon and elution It was further d d that the
derved therefrom exhubits ch ph s

An example of a charactenstic expenment 10 which continuous gradient
elution was employed 1s presented in Figure 6 A column contamng 30 g
of Hyflo Super-Cel was used the starting buffer was a citrate buffer at

ts
g
o s PH52 M 127 SAS
o ~—— pH gradient n 12 SAS
% 10 - pH N
=
IS
&
o
0
R
2 os
2
[4vas asan s,
) 200 400 600 800

VOLUME OF EFFLUENT (ML}
Fi6 6 Adsorption and elution of growth hormone (47 mg) on 2 30 g Hyflo
Super-Cel® column with a contiauous pH gradieat Taken from Clauser and
1328 SAS—saturated (NH,),S0,
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pH 5 2 containing 12% saturated (NH,) SO, After 47 mg of the protein
hormone had been introduced onto the column the same bufler 1n a total
volume of approxumately 200 ml was allowed to run through At the end of
6 hours the continuous pH gradient was started with buffers of higher pH
as the pH gradually shifted a sharp peak representing the hormone protein
appeared tn the pH range between 6 8 and 8 1 reaching 1ts maximum at
pH 75 The peak was divided into 2 fractions and assayed 1n hypophysec
tomized rats It may be seen in Table 3 that 85¢% of the matenal appeared
in the main peak and that the activity of both shoulders was not significantly
different from that of the staring matenial Other expenments summanzed
in Table 3 demonstrated that 80-90¢% of the protemn could be recovered as
a single peak and furthermore that the hormonal activity of the protein
recovered from the peal 1s practically identical with that of the hormone
protemn before chromatography Thus no fracttonation of the hormone
protein or separation of biological activity from the proten occurs 1n these
adsorption experiments This may be taken as additional evidence for the
purity of growth hormone preparations

Counter current Distnbution The recently developed counter current
distnibution technique of Craig ' has been established as one of the most
powerful tools for the study of the punty of orgamic compounds of low
molecular weight One of the best examples™ of its application was the
demonstration of crystallne insulin as a mixture of insulin A and insulin B
these two insulins differ from each other only by one amide group * Because
of surface denaturation it has not been found successful to employ this
technique for snvestigations of protens whose molecular welght 15 higher
than 10 000 However we have ded recently in distrat
hormone (mwt = 25000) in a solvent system consisting of aqueous
dichloroacetic acid and 2 butanol * Unsuccessful attempts to investigate the
behavior of growth hormone preparations m counter current distribution
have been made for the last two years m our laboratory 1t 1s therefore
gratifying that Prerce has very recently reported solvent systems for dis
tribution studies on growth hormone

Pierce has mvestigated the partition of a sample of our growth hormone
preparations between 2 butanol and approximately 0005 M p toluene
sulfonic acid In this solvent system through 24 transfers 1t was found that
over 97% of the matenal has a p of ap 10
(Fig 7) and that growth promoting activity was present 1n the major
component the distribution curve of which agreed well with the theory for a
single substance  Although 1t 1s recogmized that the most 1deal partition
coefficient for purity studies in counter current distribution should be near
unity and that many more transfers than 24 are required for such mvestiga
tions the expeniments of Prerce at least suggest that the protein 1s assocrated

with the hormonal activity and 1s not separated from 1t by the partition
procedure
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Fic 7 Distribution curve of 22 mg of growth hormone after 24 transfers
Solvent system 2 butanol/approx 0 005 M p toluenesulphomic acid @ arbltrzry!
untts of color density muluplied by 100 with correctton made for drlution ©
samples Y theoretical values Taken from Pierce 5

N terminal Amuno Acid Analysis If a protein has a structure consistti
of one peptide chan and if the peptide charn 1s not cyclic there should be
two terminal residues one with a free amuno group and the other with 8
free catboxyl group The number of termnal amino groups corresponds (0
the number of peptide chains m the protemn these chams are held together
by the —S—S— bridge to form the protein molecule A pure protem should
therefore yield quantitatively one or two moles of N termunal residue(s) pef
mole of the protein according to the number of peptide chans 1n the mole
cule Based upon these premuses termunal residue analysis may pl'l“'lde
additional mformation about the homogeneity of a protemn

The two avatlable methods for the analysis of the N termmal restdue 11
protens or peptides are the fluorodinitrobenzene (FDNB) procedure of
Sanger ©

F R
|
NO -+ NH-—CH—CO—prot —  (continued on page 81)

NO
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) '
~—NH—CH-—CO-—prot ~—~NH—CH—COQH

NO-—O HCH No._O
-
NO NO

and the phenylisothiocyanate (¢NCS) reaction of Edman %7
NCs R

{
O + NH-—CH-—CO-—prot —
R

i
NH—CS—NH—~CH—CO-—NH—prot
|
—N—CS
had O | [+ NH-—prot
CO NH
N/

(IZH
R
These two methods have recently been employed for investigations of

the N terminal residues i growth hormone ¢ ® The FDNP method gives
alanine and phenylalanime as N termmal restdues 1n amounts of 0 8 and
09 mole respectively for each mole of the hormone these data were con
firmed by the reaction of $NCS with the hormone protemn (Table 4) In fact
the ¢NCS procedure indicates that exactly one mole each of the phenylthio
hydantoins (PTH) of alamine and phenylalanine was formed per mole of
the b after the hydrolysis of the p It bamy! (PTC) deniva
ave of the hormone The occurrence of DNP or PTH phenylalanine and
DNP or PTH alanine 1n a molar ratio of 1 1 1n DNP or PTC hormone
may be taken as further support for the view that the hormone 1s a homo
geneous protem

Table 4
N TERMINAL RESIDUES IN GROWTH HORMONE
N terminat Moles of N ternunal Residue/Mole of the Hormone
Residues FDNP Method $NCS Method
Alaame 08 10
Phenylalanine 09 10
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Fic 7 Distribution curve of 22 mg of growth hormone after 24 transfers
Solvent system 2 butanol/approt 0005 M p toluenesulphonic acid @ arb\lraryf
units of color density multiplied by 100 with correction made for dilution @
samples X theoretical values Taken from Prerce

N terminal Amino Acid Analysis If 2 protem has a structure consistizé
of one pepude cham and 1f the peptide chain 1s not cychc there should be
two terminal residues one with a free amino group and the other with 3
free carboxyl group The number of terminal ammo groups corxesponds to
the number of peptide chains 1 the protein these chams are held togethier
by the —S—S— bridge to form the protem molecule A pure protem shosld
therefore yield quantitatively one or two moles of N terminal residue(s) Pt
mole of the protein according to the number of peptide chans m the mole
cule Based upon these premises termunal residue analysis may proud°
additional information about the homogenesty of a protein

The two available methods for the analyss of the N termunal residue 10
protemns or peptides are the fluorodimitrobenzene (FDNB) procedure of
Sanger 2¢

F R
| I
ONO + NH»-CH—CO—prot — (continued on page 81)

NO
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Brologtcal Tests The importance of establishing the punty of a biolog
cally active protein 1s so obvious that it needs no emphasis here A munute
mmpunty can be responsible for some observed effect which may be
erroncously attnibuted to the main component because the impunty quite
often alters the course of the biological action of the main component It 1s
fortunate that the biological tests for the contammants are usually very

sensitive and that their p 1s therefore easily d d It should
always be kept in mind ho“ever that a pure substance may possess 1ntrin
sically add 1 biol 1stics other than its known major func

ton Moreover the possibility cannot be excluded that some degree of
overlap may occur 1n the brological activities of chemically similar
compounds *¢

One of the most biologically active m growth hor
mone preparations 1s thyrotropin (TSH) It has been postulated by some
mvestigators that the inability of actually demonstrating the growth promot
g effects of growth hormone preparations 1n man 1s perhaps due to the
TSH contamination We have repeatedly assayed by different methods
preparations of growth hormone 1solated by the stmplified procedure out
Iined above for possible contamnation with TSH and found that one mg
of hormone contains less than 001 U SP units of TSH (see for example
Table 5) Since no one has as yet 1solated TSH n pure form and since we
do not know how active 1t 1s 1 terms of US P umts we cannot calculate
the percentage of contammation of TSH mm growth hormone preparations
however 1f one assumes that 1 mg of ‘pure TSH represents 1 USP umt
of thyroid sumulating potency the TSH contarmmnation ss indeed small

A total dose of 10 mg of growth hormone admmistered over a period of
4 days gave no & d of the p of adrenocorticotropic
thyrotropic or gonadotroprc actity mn hypophysectomized female rats
{operated upon at 28 days of age and mjected 14 days postoperatively)
and a total dose of 5 mg 1njected subcutaneously into month old squabs for
4 days mamifested no lactogentc actvity A dose of 01 mg produced no
adrenal ascorbic acid dep g activity mn hypop tormized rats B, y
for melanophore expanding activity in hypophysectomwzed rana pipiens
showed no intermedin contamination with a dose of 02 mg When growth
hormone preparations were assayed for anti diuretic principle 1n hydrated
rats adose of 0 5 mg gave no mndication of antidturetic activity From these
resulis 1t 1s reasonable to conclude that the growth hormone preparation 15
essentially free from known biol lly active

other than its own growth promoting activities
Composition
Some years ago we reported the p;mml ammo acid content of growth
hormone as de d by # In view of the
recent d of ct hic p it whereby armino acid
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Fic 8 Ultraviolet absorption of growth hormone m pH 90 solution and
01 N NaOH

method allows an mdependent determination of the tyrosine content of
growth hormone which was found to be 11 5 residues per mole (46 000)
The ultraviolet absorption spectrum of growth hormone in aqueous solu
tions of both pH 90 and 01 A as measured in a Beckman model DU
spectrophotometer with a protein solution containing 0 0876 mg N per ml
may be seen in Figure 8 The amude N (ammonia) determined by a2 method
of Geschwind 3 was found to be 71 g per 100 g protemn mtrogen

As 1t has already been mentioned the growth hormone molecule has two
N terminal @ amuino acids {phenylalanine and alamne) 1f we assume that
1t has also two C terminal residues (see below) this mformation together
with the data 1n Table 6 would provide a basis for computing the acidic

Table 7
IONIC GROUPS OF GROWTH HORMONE
No of Groups No of Groups

Aspartic acid 37 Arginine 27
Glutamic acid 53 Lysine 24
Termmal carboxyl _2 Histidine 7

92 Terounal o amno 2
Amide groups —30
Total amonc groups 62 Total cationic groups 60
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determmations of high accuracy can be achieved,?? 32 3¢ 1t appeared desirable
to remvestigate the complete amino acid composition of growth hormone
by one of these new procedures

Table 6
AMINO ACID COMPOSITION OF GROWTH HORMONE
No of Residues
Mean Miumal & Amno g Amino
A | Motar | “atotar | "0 jthe N | yod pesdual | cdper
Fraction Ratio | peyy, = 46000 Weight 100 g Protein
Glu 01314 2644 53 6830 1627
Asp 00921 18 52 37 4260 1030
Cys 00099 200 4 817 201
Ser 00570 1148 23 2000 505
Thr 00670 1348 27 2730 679
Gly 00532 1074 21 1200 3
Ala 00820 1652 13 2345 614
Pro 00364 734 15 1455 361
val 00371 748 15 1485 366
Met 00175 356 7 918 218
Leu + 02008 40 44 81 9160 2214
Tleu
Phe 00719 1444 29 4270 1000
Tyr 00285 570 1 1794 416
Lys 00593 1192 24 3070 7%
His 00177 356 7 960 226
Arg 00681 1370 27 4220 98°
Try (100) 2 372 085
NH, 30% 112¢
I I
Total 10279 208 32 416 47 886 11586

* These values are not included 1n the totals

The method employed n the present nvestigation® was developed by
Levy® 1n this laboratory and 1s based upon the quantitative paper chromd
tography of the dimtrophenyl dernatives of the amino acids m the aod
hydrolyzate of the protein This method 15 very sensitive requiring only
about 0 2 mg of protein (equivalent to approx 0 1 yM of each amino actd)
per chromatogram and attaming an accuracy comparable to that of the

1 10 h column procedi of Moore and Stem® The
quantitative data summarized 1n Table 6 were obtamned by analyses after
acid hydrolysss for different lengths of time correctons for losses were made
by extrapolation of the recovenes to zero hydrolysis time It 1s to be noted
{hat leucmne and 1soleucine cannot be differentiated by the Levy method but
previous study®* has shown that the hormone protemn contams both The
value for tryptophane was estimated by the ultraviolet absorption of the
mtact protem according to the procedure of Goodwin and Morton *3¢ This

* The author 1s indebted to Dr I I Geschwind for these determinations
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UNTREATED SLACIAL AcOM  |OIN Scon
7200 5 M 25 30MIN
£ ‘ =
OIN NaOH PN 94 BUFFER
o 28WRS 25 22 MRS
g ‘JA-.
Fic 9 Efec patterns { ding boundary) of growth hormone

an acetate huffer of pH 4 0 snd 0 03 20ns¢ strength after treatment under vanous
conditsons Taken from L1 and Papkoff 3%

ever that hugh temy and the p of water are apy ly essen
ual Tor the change of el l beh and 1na As may be
seett tn Table 9 hormone !reated w an acetate buffec of pH 4 0 at 0° C far
5 days remams actne with no change of electrophosetie behavior while
under the same conditons at 25 C growth promoting activity ss greatly
decreased  with complete conversion into the fast component When 2
Iyophilized sample of the hormone was completely dned over PQ m a
destecator and put mto an oven of 100 C for 30 minutes there were no
changes m erther biologteal actvity or electrophoretic behavior

Table 9

INFLUENCE OF VARIOUS CONDITIONS OF TREATMENT ON ACTIVITY OF
GROWTH HORMONE

N . Electro
Time of toastay’ phorenc
Temper
Conditions ature 1;;:?:, Cvmpo"("”
CO L Gum) | No of | Tebra 4 1dth| Slow | Fast
Rats (05 (LSRG
Untreated 49 226 %2t | 100 ¢
o oz N AcOH 70 10 e | 1688 q | 100
100 1 9 | 158%3 0| 100
Aceule buffer i H c 9 7700 6 | 2283 | wo q
25 4320 13 ] 7Ewy 15 ] 8
Dry beat 100 30 7 205 | oa o

* Ammats uvzn 2 total dose of 80 v m 4 days those receviag saline bad an average
tibia width of 155
1 Mean :tandard error
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and basic groups 1n the hormone protein as given m Table 7 It may be
recalled that the 1soelectric pomnt of growth hormone as determined m
electrophorests, 15 located at pH 6 85,* which suggests that the number of
basic groups mav equal that of the acidic groups This 15 1n excellent agree
ment with the analytical findings (Table 7)

Stability

The stability of growth hormone under various conditions has recently
been mvestigated mn some detail 3 When a hormone protemn solution 1
subjected to a variety of treatments obvious changes take place in i
physicochemical characteristics One of these changes when the hormont
was submitted to electrophoresis in an acetate buffer of pH 4 0 and 003
ronic strength at 1 C was the appearance of a new electrophoretic com
ponent which possessed a mobility approximately 1 5 X faster than that of
the untreated growth hormone When the duration of trextment was vaned
1t was observed that the amount of the fast component mereased with the
tme of treatment at the expense of the slow fraction The rate of conser
ston depends upon the conditions of treatment In Table 8 1s given the time

Table 8

HALF LIFE TIME (f5)} OF GROWTH HORMONE UNDER VARIOUS
CONDITIONS OF TREATMENT

Temperat,
Solvent perature fa Actty*
ven; (9] (mun ) i
Glacial AcOH 70 23 -
01N AcOH 25 360 =
Buffer pH 94 25 1920 +

01 N NaOH 25 72 +

* Activity represented as follows - decrease = doubtful -+ un

changed Activity was estimated when 50 per cent of the hormone had
been converted 1nto the fast component

required to obtam a 50% conversion to the fast component when the hot

mone protein has been suby d to various di of t together
with information about the biological activity Some of the electrophoreti©
patterns may be seen mn Figure 9 It 15 significant to note that n 0 1 N NaOH
at 25° C 50% of the hormone protein changes into the fast fraction after
72 minutes and yet still remarns active whereas 1n 0 1 M acetic acid it takes
360 munutes to convert 50% of the hormone protein 1nto the fast compenent
and the solution 15 no longer biologically active Although the hormone 1
Lnown to be a thermolabile protemn ** 1t 1s somewhat surpnsing to find that
1t 15 unstable under such mild conditions as for example 1n buffer solutions
of pH9 4 and at a temperature of 25 C It should be ponted out how
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method of any new N termunal @ ammno groups Moreover the growth
promoting activity remains unchanged This catalytic action of chymotry psin
on the denaturation of growth hormone depends upon the concentration of
the enzyme As may be seen m Table 11 the percentage of the fast com
ponent decreased with the ratio of enzyme/hormone when a 1% hormone
solution (pH 8 6) was kept at 25° C for only 60 seconds

From these studies 1t 1s evident that growth hormone 15 very susceptible
to denaturation Biological activity alone 1s not sufficient to be taken as an
mdex of denaturation As shown in Table 8 even when 50% of the hormone
protein appears 1n the fast electropt p after ¢ m
01 N NaOH at 25° C for 72 munutes there 1s no decrease m biological
potency When the hormone s treated with 0 1 N acetic acid at 25° C for 6
hours the biological activity 1s lost to a considerable extent with the appear
ance of 50% of the hormone as the fast electrophoretic component It 1s
therefore likely that different forms of denatured hormone protein exist
some of which may still possess activity depending upon the condittons of
treatment and the process (I or II) of denaturation

l/ Denatured Protemn (Inactive)

Native Hormone Proten

\ Denatured Proten (Active)

There are so far no means of tellimg what physicochemical changes
occur m the molecule to give nse to the active or mactive forms of the
d protein El and solubility studies reveal nothing to
differentiate between these two forms However 1t 1s not impossible that
other physicochermical investigations might disclose certain properties which
would distinguish the active denatured protein from the mactive It should
be potnted out that once the protein becomes denatured 1t cannot revert
to the native state the process denatured protein (active)—> denatured
protein (inactive) 1s also wrreversible The same conditions which mactivate
the native hormone also produce mactivation of the active form of the de
natured protemn

Action of Enzymes
In an earher study, 1t has been shown that with a bigh ratio of enzyme/
hormone (w/w) 1¢ approximately 1 2 the hormonal activity was abol
1shed almost completely by digestion with pepsin and trypsin at 37 C for 90
mimmutes No systematic investigation has since been reported concerning



88 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTION

Precipitation of proteins with trichloroacetic acid (TCA) has beea
known to cause denaturation Growth hormone in 5% aqueous TCA solu
tion 1s completely insoluble at 0° C and the TCA precipitate retains growth
promoting activity (Table 10) Moreover under these conditions no fast
electrophoretic component appears indicating that the hormone proten
remains in 1ts native state

Table 10

EFFECT OF UREA AND TRICHLOROACETIC ACID (TCA)
ON THE ACTIVITY OF GROWTH HORMONE

No of Tibia Width*
Treatment Rats )
Ureat (2 0M) 6 249 = 57§
TCAL 23 23320
Untreated 77 230%17

* A total dose of 80 ug 1n 4 days

1% solution n pH 70 2 0Af urea at 25 C for 89 hours

§ Growth hormone in 1% sofution was precipitated 1n 5%
TCA solution at 0 C

¥ Mean =+ standard error

Table 11

PERCENTAGE OF ELECTROPHORETIC COMPONENTS OF GROWTH
HORMONE AFTER 60 SECOND REACTION* WITH
CRYSTALLINE CHYMOTRYPSIN

Llectrophoretic Componentst

En yme/Hormone} Slow Pt
(%) (%)

1/50 26 74
17100 37 63

1/300 53 47
172000 67 33
175000 100 0

070 100 0

* In pH 8 6 borate buffer at 255 C

1 The ratio 15 on the basis of weight

$ As estimated from the patterns obtamned in expersments
using an acetate buffer at pH 4 0 0 03 1omic strength

Tt has been known for some time that one of the 1nitial steps in the action
of proteolytic enzymes on protems Is denaturation of the substrate ¥ We
have recently demonstrated that when a growth hormone solution (pH 9 5)
was kept mn the p of cry hymotrypsin at 0° C for only 30
minutes with an enzyme hormone ratio (w/w) of 1 300 the fast electro
phoretic component appears with no indication according to the DNP
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Table 12
QUANTITATIVE ESTIMATION OF AMINO ACIDS LIBERATED BY THE ACTION
OF CARBOXYPEPTIDASE® ON SOMATOTROPIN

wn Amino Acud/9 2 ms Somaowropn | g4 oo
Amino dcid Liberated/Molet
Prep A Prep B
Phens lalanie 036 036 18
Alanine o010 010 05
Leucine 006 007 03s
Senine 005 005 025
Threonine 003 002 020
Valine 003 0035 018
Lysine 001 001 005
Tyrosine 001 o1 005

* Enzyme/substrate nitrogen 1 50 wncubated at pH 8 5 and 25 C for 16 hours
§ The molecular werght of somatotropin 1s taken as 45 000

Table 13
ACTION OF CARBOXYPEPTIDASE ON SOMATOTROPIN
Tibia Test} W eight maintenance Test
W edth of
Esperment | No | Unealafied | No | jupat | Finat Gan

of | Cartilage | of
Rats | of Tebia | Rats
(mucra)

(2) ) )

Enzymic digest A* 5 |229x48§ 7 1171213514 | 17906

(>07)**
Enzymie digest B} 4 | 223+79
Untreated hormone | 77 | 230 +17 8 1290214718 | 18623
Saline 22 | 14824 5 31611226 |-10x=14

*pH 75-80 at 25 C for 16 hours ratio enzyme/substrate 1 60 two moles of
phenylatanme had been removed from the protein hormone

1 Further hydrolysis with carbotypeptidase of the product recovered from enzymc
digest A

$ Ammal given a total dose of 80 ug 1 4 days

§ Mean = standard error

T Hypophysectomized male rats 40 days of age at operation were mjected mtra
pertoneally with 005 mg once daily for 10 days beginning on the day of operation

** , values from Fusher s table of ¢

modified hormone (Digest A of Table 13) performed in order to release
additional amino acids from the C termmal region did not cause any
significant loss of biological activity

Partial Hydrolysis with Chymotrypsin? In a typrcal expenment growth
hormone was dissolved 1n water to 29 solution and this was added to an
equal volume of chymotrypsin solution containng 0 067 mg enzyme per
ccn pH 9 5 borate buffer The solution {enzyme/hormone ratic 1/300)
was meubated at 25 C in a water bath for the desired length of time The
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the correlation of the degree of hydrolysis by proteolytic enzymes wik
changes mn growth promoting activity This problem mnterested us for some
time especrally with respect to the possibility that the biological actry
may not depend upon the whole molecule as is the case with ACTH In
a prehmunary report*! we have demonstrated that with an enzyme/hormone
ratio of 1 200 at pH 8 5 and 25° C the hormone retamns 1ts actwity up o
34% of hydrolysis with chymotrypsin

Action of Carboxypeptidase ¢ The uses of carboxypeptidase for the
identification of C ternunal ammo acids m polypeptides and protems and
for the investigation of the essentiality of the C termunal group(s) for ti¢
biologteal activity of the molecule have now established this smportant
technique 1n protem chemustry With this procedure, we have shown* that
two residues of phenylalanine together with smaller but storchrometricall
sigmficant amounts of alamne leucine and serne are released from the
hormone proten by the action of carboxypeptidase (Fig 10, Table 12)
Phenylalanme 15 1dentified as the C terminal residue of at least one and
probably of both the consutuent peptide chams 1n the hormone molecule

When the growth hormone from which two residues of phenylalamne had
been removed by the enzyme was assayed for biological actiwty, it W
found according to results of both tibia width and body weight assay that
C termnal phenylalanine 15 not essential for the biological function of e
hormone (Table 13) It 1s of interest to note that further digestion of the
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Fic 10 Rate of release of amino acids by the action of carboxypepttdase ont
cowth hormone Enzyme/hotmone = 1/50 pH 85 at 25°C Taken from

%—hrns L1 Condlffe and Pon
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Table 15

GROWTH PROMOTING ACTIVITY OF THE CORE" FROM A PARTIAL
CHYMOTRYPTIC DIGEST OF GROWTH HORMONE

Toral Tiba W udth
Preraration Dose | %22 | (Mean=5SE)
{ng} (mucra)
Untreated growth 20 8 W07 %51
hormone 60 8 WI=36
200 8 27144
Core™ of chymo 20 8 20235
tryptic digest 60 7 23231
v 200 7 27755

* The core™ was obtamned from the 5% trichloroacetic acid
precipitate of a chymotryptic digest (enzyme hormone 1/300
pH 95 25 C 2hrs NPN 25%)

I HJI N‘MVL

1/ g

Hic 12 Electrophorenc patterns of the core  prepared from the 5% tn
chloroacctic acid precipitate of a chymotryptic digest of growth hormone hydro-
lyzed to the extent of 23% and the core plus untreated growth hormone n
an acetate buffer of pH 4 0 and 0 03 ronic strength 2700 seconds at a potential
gradient of approx 12 velts/em
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60
1 .
N
z
z 0}
wl
=
g HYDROLYSIS OF GROWTH
¢ 201 HORMONE WITH CHYMO-
g TRYPSIN
ENZYME/HORMONE (Ww) = 17360
o 25°C, pH 95
i 2 3 4 5

TIME-HOURS »
Fic 11 Rate of hydrolysis of growth hormone with chymotrypsin at 25
Enzyme /hormone (w/w) = 1 300 n borate buffer of pH 95

Table 14
ACTION OF CHYMOTRYPSIN ON GROWTH HORMONE
Time of Non Protemn Broassayt
.
D Nitrggen No of | Tibia #idth
Rats (micra)
9 0 77 230+ 17¢
103 u 52 23415
135 30 10 206 =20
300 56 13 17228

* Enzyme hormone (w/w) =1 300 pH95at25 C

1 A total dose of 80 micrograms 1n 4 days

$Mean = SE
reaction was stopped by the additzon of 1 drop of glacial acetic acid The
non protewm nitrogen {soluble N 1n 5% trichloroacetic acid) was used as the
index of hydrolysts It may be seen in Figure 11 that the rate of hydrolys
follows a zero order reaction up to 4 hours of digestion When the cor¢
of the digest* was assayed 1t was found that 24% hydrolysis does not causé
Toss of activsty but longer digestion abolishes the growth promotng actiont
(Table 14) An extensine multiple dose assay of the core of the 24%
digest compared with the native hormone showed that there are no essent
tral differences 1n brological activity between the core and untreated mate
rial (Table 15)
Wcor:" 15 obtarned by dissolving the 5 TCA preciptate 1n a shghily alkaline
solution and dralyzing against distilled water (adjusted to pH 11) at 1 C the dralyzed
solutson 1s Iyophilized
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even after 46% hydrolys:s The digestion was carnied out m a borate
buffer at pH 9 5 at 25° with an enzyme/hormone ratio of 1 300

It may also be noted from Table 17 that digestion with pepsin to an
extent of 249 decreases considerably the activity of growth hormone
contrast to the results obtamned with chymotrypsin and trypsin

Table 17
ACTION QF TRYPSIN AND PEPSIN ON GROWTH HORMONE

Time of |\ ot Bioassayt
Engyme* | Sobvent | DBSUOT { i irogen
2! ar2s € (,,A; Mo of Tabia B udth
(mun ) ¢ Rats )
Trypsn | pH 95 a0 24 10 | 23015t
borate 60 30 11 223 23 0 (0 001)§
buffer 120 46 6 |21%=17
Pepsin 001M 120 24 12 176 =25
HCl

* Enzyme/hormone (w/w) = 1/300

1 A total dose of 80 ug 1n 4 days untreated hormone at this dosage gives an average
tibia width of 230 = t 7

{ Mean * standard error

§ » values from Fisher s table of f

Comments
We have summanized n this paper the present status of :nformation
about the purity of growth hormone showmng that studles with new tech
niques 1n protein chermstry (zone h
raphy counter current distribution and termmal resxdue analysis etc)
reveal 1o evid of it 1 the h protein It will not be
until the synthetic product can be compared with the naturally occurring
molecule and the two found to be 1dentical that absolute proof will be at
hand However since no procedures have yet been discovered for the
synthests of a protem and since none of the available techniques have given
evidence of | y 1t may be d that the growth hormone 1s
a homogeneous protein and that the protem 1s the hormone

Table 18
EMPIRICAL FORMULA FOR GROWTH HORMONE
Mol Wt 47886
Total Residues 416

GlusAsp CyS SersThr Gly Ala Pro, Val Met (Leu + Ileu)
PheaTyralyS.Arg-Try (-NH )s
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Boundary electrophoresis of the core has given no ndication of the
existence of a component which behaves like growth hormene In an acetate
buffer of 003 p at pH 4 0 electrophoresis of a solution contamng the

core and the native hormone gives r1se to two distinct peaks with mobil
tties of 8 5 X 105 and 6 8 X 10-5 cm”/sec/volt at 1° C The value of the
slow component 1s 1dentical with that of the native hormone It 15 of smterest
that the core 1tself does not give a complex electrophoretic pattern 3l
though 1ts mobility 1s 13 X faster than that of the growth hormone (Fr
12)

Analyses of the N terminal residues of the core reveal that a number of
new residues (threomme serme tyrosine lysine etc ) appear in addion
to phenylalanine and alanme If we assume that DNP phenylalamine 20d
DNP alanime have come from the undigested growth hormone the amount
of unchanged hormone in the «ore may be computed from the data sum
marized in Table 16 On this assumption 1t was estimated that the natne
hormone 1n the core amounts to less than 20% This 1s certamnly ot
sufficient to account for the biological actvity of the core From thest
results 1t 15 not unreasonable to assume that the activity does not depend
upon the integrity of the protein and thus 1t may be inferred that the growth
promoting activity resides in only a portion of the whole molecule

Table 16

N TERMINAL RESIDUES OF THE CORE OF A CHYMOTRYPTIC DIGEST
OF GROWTH HORMONE

Preparanion of Growth Hormone*
el Unireated Core from Chymotryptic Digest
u Mole ot 1 Mole %
Al 0260 524 0216 130
Phe 0236 76 0164 99
Leu + Hen 0 = 0178 108
Gly 0 - 0064 39
Thr 0 - 0260 157
Ser 0 —_ 0388 234
Glu + Asp ° - 0386 233

*22 5 mg were used i each case
4 Values in p mole
1 Percentage of the total residues

Action of Trypsin ! As has already been mentroned extensive hydrolysis
of growth hormone with trypsin abolishes the biological activity It has beeft
demonstrated recently 1n this laboratory that digestion with crystalline
trypsin to an extent of less than 309 does not cause loss of growth promot
ing potency (Table 17) It 1s sigmficant that some activity 1s stil retamned
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form by the tissue enzymes before it exerts ats hormonal function? If the
extractable hotmone does not represent the true hormone but 1s rather the
pro-hormone 1t will not be surpnising f future investigations find that all
biologically active protens or peptides under appropnate conditions of
digestion can be partially hydrolyzed enzymatically without Joss of actwvity
‘We concur n what Carlson*® pointed out as early as 1936 1n the preface
to the well known volume of Van Dyke s on the physiology of the pituitary
gland Many of the pituttary gland products fractionated by modern bio-
h hods and d d to have physiological or pharmaco-
logical actions have not yet been shown to be true piturtary gland hormone
—ithat 15 to be secreted to the body fluds by this gland n health or
disease That vanous physical and chermical agents apphed to the dead or
dymg hypophysis may develop specific chemical entities never secreted as
such by the living gland 15 now recogmized by most investigators
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Fic 13 Possible structure of growth hormone

With the P of this 1 1 1 investigations ato the
fine structure of the hormone protein are more significant and the emptrical
formula for growth hormone may be wrtten as i Table 18 From the
analytical data one of the structures shown 1n Figure 13 may represent the
teue structure of the hormone molecule

Until further investigations are carnied out on the C terminal residues
with chemical techmques 1t 1s difficult to decide which of the proposed
structures s the correct one Scheme II 1s based on the hypothesis that one
of the amino acid d rep dby x 15 to the action of
carboxypeptidase However there 1s justification for favoring Scheme 11T
If the structure were exther I or II oxidation of the —S—S— bridges would
give rise to two fragments one with N termmal phenylalanime and the othet
with N termnal alanine However 1n prelimnary studses on the oxidation
of growth hormone with performic acid zone electophoresis reveals that
the product of oxidatron remains a single component Furthermore there 1$
no reason 1o exclude the possibility of the formation of a peptide bond by
the y-COOH group of aspartic or glutamic acid the assumption upon
which this structure 1s based

The fact that the biological activity resides only 1n 2 portion of the whole
protein molecule 1s not new The earher expeniments with thyroglobulin and
the partial peptic digest of ACTH are well known The non essentiality of
the C termmal residue(s) for the biological function of an active protemn
appears to be common This 1s found to be true not only for growth
hormone but also for mnsulin tobacco mosaic virus and Iysozyme

From the results of these enzymatic studies one may wonder about the
actual nature of protemn or peptide hormones as they occur in the body as

! My active lysts Ts the h we extract from the gland
;r’ussuc the true hormone? Might 1t be that the extractable hormone 15 the
ro hormone? Is 1t possible that the hormone molecule after entening 1nto
the circulation through parental admimstration 15 converted tnto nother




BIO43SAY PREPARATION AND PROPERTIES 89

difficult 1t might be to separate two protemns which resembled each other o
Iittle bat

There 15 also the consideraton that one can run 2 paper electrophorests
with certain protems with an agent such as bromophenol blue attached to
the gratesn The color will move wath the protem without changing us
mobifity at alt Thus 1t 1s possible that the protemn could carry a small mole
cule along with 5t We have had the expenience also in the pitwitary field
of corticotroptn being ssolated as a pure protein of molecular weight 20 600
which proten later was referred to as pure ACTH We now know 1t was
just a shghtly contarmmated protemn and the actine matenal was apparently
yust strngmg along wvath the mert protein This 15 a difficult field and I
think 1t 1s 100 soon to arnve at a final conclusion

Dr Wihelme s very interesting paper creates more problems for those of
us d 1n 1solating active growth f We are now faced with the
possibility of having a number of species specific hormones We shoutd be
refuciant as long as we can to accept the conclusion that there are different
hormones because st will mohe the wentity of growth hormone 5o much
more difficult It 1s true i the case of the human use of corticotropm that
when crude preparations were being used some patents actually failed to
respond This seems to be well documented and it happened quite a few
times Patients faded to respond to the mtramuscular or subcutaneous m
Jections of crude corucotropm and did respond later to Tughly purified
cortcotroprn I am sult shightly hopeful that we might be facing some simslas
sttuatton here It may be that w the evolution of new species the tropw end
organs such as thyrord adrenal cortex ete dudnt change as much as the
soma and now they require new pitustary hormones 1o be stunulated I hope
this 5 not the case

I should Iike to present data on two expenments done with an smpure
growth b prep which less 1 am very fond of In
Figure 1 15 shown the result of a 16 transfer counter current dsstrsbution of
2 growth hormone preparation prepared by the glacial acetrc exiraction
wmethod It demonstrates that durmg 16 transfers 2 large portion of mate
nal (note that the vertical scale is shortened) stayed m the mutial agueous
pbase and did not move out into the argame phase at all Now of the mate
nal that did move away from the zero tube we have plotted the agueous
phasy agamst the orgame phase and have found that there was a con
stamly changing distribution rato  This could mean that we had any num
ber of matenials In bio assaymg the matenal from various pomts on the
thstribution curve we found activity m the matersal that dids ¢t move at alt
and 1 the matenial from the higher tube numbers There was activity
between as well We tned ta extend this distobution 2 hittle more to see if
we conld get some further pattern The study was done with the help of Dr
Paul Bell at the Stamford Laboratories of the Amesican Cyanarmd Com
pany We took only the butano! extractable maternal and left behind the
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DISCUSSION

3, Preg and Physicoch 1 Properties
of Growth Hormone

Designated Discussion

MAURICE S RABEN (New England Center Hospital) I find 1t rather reassur
ing to histen to Dr L1 particularly to hear that he has arrived at the pomt
of submitting a structure for growth hormone I have not found the mole
cule so readily understandable and I have not found 1ts behavior so un!
form as to be anywhere near reaching that point

I can just mention a few things one runs mnto 1n handling growth hot
mone On the one hand 1t can be extracted with hot glacial acetic sed It
can be treated with an alky! aryl detergent and heated in this without Joss
of activity This of course 1s one of the most denaturing procedures 08¢
can use The hormone can stay m a counter current distnbution machiné
for 10 days wuth organt solvents and retain its activity On the other hand
of 1t 15 just touched with pepsin at room temperature its activity vanishes
In contrast to that Dr L says that it can resist chymotrypsin digestion
Some time ago Dr Wilhelmi told me and I have confirmed this that active
growth hormone can be extracted from pituitary glands which have been
allowed to thoroughly rot We tried 1t as long as the people mn the laboratory
would allow Activity 1s still present when the tissue 1s obviously putrefymg
Thus I am not at all sure what to make of all this The matter of actually
proving punity of proteins 1s a very difficult one We have seen recently
that 1t has taken 30 years to scparate glucagon from nsulin There 15 1O
resemblance at all 1n those two protems and one can readily appreciate how
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nal that didn ¢t runt at all and i the matenial with the most rapidly moving
peak The actiity in the latter was perhaps a little stronger than that mn the
somewhat slower moving peak There was even some activity m the
smeared material The small peak on the left was the only section m
which we defintely found no actmty I dont ).ncm how to interpret all t}us
on the basis of one mdep having 1n an indep
manner

Designated Discussion

STANLEY ELLIS {University of California) Furst I would Jike to say that
1 certamly admire the presentations and continued work of Dr Withelmi
and Dr Lz on the chenustry and preparation of growth hormone They have
contnbuted more than anyone else to this problem One of the real hopes of
the investigators who study the biological effects of growth hormone 1s to
have a preparation which 1s a pure substance at least by all our present
physical and chemucal criteia With the adwvent of newer methads for
determmung purty what is said one day may have to be retracted the next
At the Institute of Expenimental Biology we have been concerned with an
attempt to prepare for biologral purposes a growth hormone which s a
pure one judged by classical procedures We have been using for our
methods that of Drs Li and Pedersen a modification of this which mught
briefly be called the L1 and Pedersen modification and also the procedure
of Dr Wilhelmn This work has been gomg on for a penod of two or three
Yyears and 1n the course of that time we have introduced some modifications
which have decreased the contammation with TSH and ICSH The conclu
sion which I would like to present after this extended peniod of work 15 that
growth hormone as prepared by any of the above mentioned methods has a
contaminant when judged by our electrophoretic studies 1e free electro-
phorests This contaminant appears at pH 9 6 and with low 1onic strength
and 1t amounts to about 1055 It 15 the most difficult thing to remove from
growth hormone preparations It 1s not Just an electrophoretic anomaly for
it 1s also evident when one uses the constant solubslity test of Northrop It
mght be sard perhaps that growth hormone has been obtamed pure m one
or two instances However 1 must say that there will be great difficulty 1n
reproducing such efforts to give the brologist a physically and chemically
Ppure preparation

The second comment s along the hines of growth hormone stability In
the past year or so We have been engaged 1n determining the stabxhty of
growth h m terms of electrophoretic tran and t
activity We have studied the behavior of the hormone followmg its ex
posure 1o molar acetrc acid glacial acetrc acrd vanous temperatures and
1o the alkaline extreme of normal sodwm hydroxide In respect to these
two pH extremes we thoroughly agree with Dr L1 m his conclusion that
growth hormone exposed to acetic acid loses 1ts growth activity with tume
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matenal which did not move at all In other words we extracted the grosth
hormone with the organic solvent and used only that fraction This %25
then run for 679 transfers the fractions being taken off the end of the 220
tube 1c 1 In this we used 750 mg of the extracted
matertal and charged 1t 1n 8 tubes The solvent system was 05 molat
sodium chionde and 0 1 molar acetic acid agaimst secondary butano! Based
on the mitrogen determunation we found one small peak as noted on the
left of Figure 2 a rather smear of material noted in the center of the
plot and two distinct major peaks seen on the right When we assayed fhe
matenal for growth hormone 1ctivity we found growth activity in the mate
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the paper I am refernng to the fat mobilization effect i fasung muce to
the muscle glycogen mamtmnmg effect 1 hypophysectomzed rats and to
the growth promoting actiwity as measured by body weight growth as well
as to the growth promoting activity tn hypophysectomized mice They all
mdicate that the core matenial has essentially the same activity as our
seneral protein

STANLEY LLLIS No Dr Engel, we havent as yet tested the alkali treated
hormone for the actvities you mentioned

s J FoLLey (University of Reading England) I was very interested
Dr Wilhelmu s results on the species specificity of the vanous growth hor
mones Last summer the Unnersity of Liverpool orgamzed a symposium on
comparative endocnnology and durtng part of this meeting I occupred the
chair There was 2 good deal of discussion on the question as to whether
or not hormones themselses have changed duning evolution or was it merely
the uses to which they were put I wonder whether Dr Withelm's finding
that the molecule of the fish growth hormone ts smaller than the mammahan
substance could be crted as evidence that the molecular structures of the
Tormones th Ives have und: y changes

LAURANCE W KINSELL (Highland Alameda County Hospital) In Dr
Russell s presentation earher this morning 1t was apparent that there are a
few dufficulties inherent in the various assay methods which have been used
for growth hormone In our experience that has been true to an extent
that we would question whether or not there 1s an assay available which can
be called at the present tume a quantitative or specific procedure for growth
hormone sn any real sense of the phrase Should this be at all true then I
thmk it must be recalled and kept constantly in mnd that punty of growth
hormone, m a chemycal sense 1s entirely dependent upon the soundness of
the assay methods which are available This apples not only to growth
hormone but to the ather prtuttary factors It was reported today that such
things as anuibiotics could make the mncrease 1n epiphyseal width an un

rehable assay for growth hormone I suspect that anything which can m

crease appetite 1n hypophysectomuzed animals under study will make the
assay equally unrehable In thus respect even tny amounts of ACTH which
certamly can mcrease appetite m hypophysectomized humans might be a
real mterfening factor

ERIC RED Referring to Dr Engels question I would like to add that
dizbetogenic activity of alkal: treated growth hormone 1n cats parallels us
growth promoting activity 1n rats

KARL £ PASCHKIS (Jefferson Medical College) I should like to comment
for a mimute on Dr Geschwind s paper and on the factors in the tibia test
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We have been unable, as was Dr L1 to detect any loss of activity when the
hormone was kept 1n sodmm hydroxide for 3 hours at room temperature
However, 1n the pH regton from 5 to about 11, growth hormone can be
permutted to stand for at least 24 hours without undergong any electro-
phoretic transformations or showmg any loss of activity At about pH 115
electrophoretic change begms to appear With that one exception mn the
more or less neutral pH range we have confirmed quite well that growih
activity can be lost m glacial acetic acid and that with prolonged treatments
1n sodtum hydroxide for mstance 6 hours growth actwity 1s also lost

General Discussion

¢ N H LonG (Chairman) It 1s quite evident there 1s a good deal of room
for difference of opinon concerming the properties of growth hormone

ErIC REID (Royal Cancer Hospital England) In connection with Dr Lis
paper I might just mention some observations made 1n collaboration witb
Dr Wilhelm: as to whether the so called punfied protemn might contait
some active consttuent We were encouraged 1n this search partly becaus
some years ago I had shown that the terminal ammo groups on alanine and
phenylal were not y for the actwvity of the protein preparation
Our approach was to subject the dry preparation to fractional extraction
with orgamec solvents the materral having been set up as a column The
solvents, passed through the column were 1mtially rich 1t acetone 1n which
the hormone 1s luble Ti the of an acetic constituest
such as acetic acid eventnally Jed to the elution of some matersal which
we examined 1 various ways In some imstances we were able to get active
matenal off the column 1n low yield In no mstance however, did this mat¢
ral have an activity In rats greater than that of the origmal growth hormone
This was true even when we employed phosphate to delay ab
sorption 1n case some small molecule was absorbed so fast we couldnt
spot its activity In no instance could we see any obvious chemical difference
between the fractions taken off the column and the ongnal material S0
far then we have no evidence agamst the view that the protemn is (he
hormone and we certainly could not show any active constituents 11 ths
protetn

FRANK L ENGEL (Duke Unnersity) Will Dr Lt tell us whether he has
tested for any other iological activity m his hormone treated vanous way$
particularly the matenal treated in alkah? It would be mteresting also t0
know whether Dr Ellis has measured other activities of growth hormone

I am refernng to the fat mobil k and d actwvties

crio Hao L1 (Unnersity of Californra) We have measured two or threc
additonal biological properties of the core matenal which I mentioned it

N
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which condition the response to growth hormone It was mentioned that
thyroxin given to the hypophysectomized ammal produced an increase m
the eptphyseal width while testosterone m the dose employed, did rot On
the other hand, testosterone given to the hypophysectomized ammal wil
mduce mitrogen retention which 1s a measure of protem anabolism whie
thyroxin gven to the same ammal will not Now, that reveals a rather m
tnguing difference of response to these hormones, if one uses the different
parameters of growth Is 1t a matter of sensitivity of the different tests of
to flip the com around 1s 1t a matter of dosage? Are we dealng with an in
herent difference m the response of a specific tissue, 1€ a difference be
tween the localized tiba response and the overall metabolic response i the
total ammal?

ABRAHAM WHITE (Yeshiva Umversity) Taking for the moment Dr Lis
presentation I wish to ask hun two questions regarding the core mate
nal which 1s obtamned from chymotrypsin digestion Furstly, m view of the
appearance of new end groups does he have any data regarding the number
of molecular species present in this core  Secondly does he have any data
regarding the average molecular weight of the mdividuals 1n this cor
materal?

cHOH Hao LI [ was aware of this as a possible question before I started to
talk about the core matenal today and I am not surpnsed that it was
Dr White who asked 1t I must say that the core material 1s very €O
plex It probably consists of many different components In respect to the
molecular weight we have no definite data but I suspect that 1t must be
smaller than that of the onigmal protemn

STANLEY ELLIS I would hike to ask Dr Li whether he has found any b
activity 1n the hormone following chymotrypsin digestion and 1 the supef
natant following precipitation with 5 per cent trichloroacetic acid (TCA)?

cHoH Hao L1 Before I answer Dr Ellis question I should mention that
urea at pH 7 did not affect the activity The 5 per cent TCA precipitate of
the ongmal protern hormone did not show loss of activity Now, the supef
patant from 5 per cent TCA precipitation most likely contains very Litle
activity but I cannot give you a black and white answer to that question
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Growth Hormone (Somatotropin) and the
Glands of the Digestive System®

Burton L Boker and Gerald D Abramst
b, f

F of A y University of Mich Medical School Ann Arbor
Michigan

Twenty five years have elapsed since the classic publication by Phalip

Smth® entitled  Hypop y and a repl therapy n the rat
made the tech of hypophysectomy lable as a routine method for
of pituttary p gy One of the stnking sequels which he

observed was cessation mn growth of the body In searching for an explana
tion of this effect 1t 1s mdeed surpnsing that imvestigators have paid so
Lttle attention to the structural and functional condiion of the digestive
tract after pituntary ablation Possibly this 15 because biochemusts have
emphasized the changes which occur in intermediary metaboltsm Thus
Samuels Remeche and Bauman demonstrated that deammation 1s m
creased and anabolism of protemn reduced after hypophysectomy They
observed that the differences mn mitrogen balance between hypophysecto
mized and non hypophysectomized rats could not be accounted for by dif
Ierences in rate of digestron and absorption as indicated by the excretion
of fecal nitrogen  Such evidence relegates the digestive system to a place of
secondary inportance

However the avmlable mformation indrcates clearly that some aspects
of the supportive influence exerted by the hypophysis on the digestive sys
tem are the result of direct hormonal action either by hormones of the
hypophysis itself or by those of other endocrine glands controlled by 1t

Ths investigation was supported (in part) by a research grant (A 131 (C2))
from the National Institutes of Health Pubhc Health Service and by grants from the
University of Michigan Memortal Phoenix Project (#57) and The Upjohn Companv

t We extend our appreciation to Mrs Delores McGity Mrs Norma Rewd and
Miss Mary Masten for thei technical assistance
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Defective absorption after hypophysectomy might tesult n part from
mcomplete digeshon of food This possibihity focuses aftention on the tom
petency of serous cells to produce digestive enzvmes Some of the cells
(serous or zymogeni) which are hnows to contubwte enmzymes to the
gastro-tntestinal contents or whick on the basis of their cytology might be
etpected to do so are summarnzed i Table 1 Dunng the past three years
we have been s the of by on cestam of these
enzyme producing cefls The results are stlf fragmentary In thus report we
wilt descnbe the effects of hypophysectomy on the structure and function
of some of these cells (Table 1) and will present evidence concermng, the
role of sematotropmn and other h n the <
which anse

Gastric Chsef Cells
Hypophysectomy in rats results tn an wvolution of the chief cells which s
d by deph of pep and eytopl; nbo-

nucleic acid! (Fig Ia b) This effect occurs promptly and s cleasly evident
within 7 days Concurrently 3 reduction geeurs mn the concentration of and
total peptic actvty m the gastuc jmce which 1s secreted dunng a 6 hour
penod after pylonic higation  The capacity to secrete pepsin 1s depressed 3
days after hypophysectomy but reaches its lawest poit at 7 days (Table 2)

Table 2

EFFECT OF HYPOPHRHECTOMY DN SECRETION OF GASTRIC JUICE AND
ON ITS PERTIC ACTRTYY

Treat f;;:,’ N MeanVol — MeanPU > AMean Total
ment Typ  Ress (m) 10 /mlit  PUX 10 4/Sample
Hyp 3 3 43206 800 =89 325 34
Con 8 73%06 1317 264 949 274
P§= <00l P=<0001 P <0001
Hyp 7 g 4604 458 £ 103 199 38
Can 10 105208 128360 1334 % 112
P=<000t P=<0001 P=<0001
Hyp 105 18 5404 0554 262 28
Con 28 4 1535 97 =71 1200 = 426
P=<00] P=<0001 £=<000%

Hyp = hypophysectomy Con = cont
*Baher and Arams Am J Physeol

rol
1T 409 (1954)

FPU = hemoglobin proteolytic vmns as measured by mEq of tysosme released
from hemoglaba by the pepsin of gastnc yuice duriag 1 munute of digestion at 355 C

4 Standard error

§ Stadent Fisher 1 test sigmficance of differences

Clanficaon of the hormonal means by whch the hypophysis modifies
the eytalogy and secretory capacity of chuef cells 15 arded by an analysis of



108 HYPOPHYSEAL GROWTIl HORMONE NATURE AND ACTION

Hypophysectomy has the following effects (a) The weight of the intestine
1n pigeons 1s reduced to a greater extent than can be accounted for by re
duced food intake ¥ (b) In cats the weght of the mucosa of the stomach
small intestine colon and rectum, 1s reduced and 1s histologrcally atrophic*
(c) Stmilar observations are reported by Friedman for the rat with the
small intestine being more severely affected than the stomach He further
claims that the parietal cells ate reduced 1n number by 50% (d) The pH
of gastric juice 1s mncreased ® (e) The amount of secretin in the ntestunal
mucosa? and amylase 1n the pancreas® 1s reduced (f) The absorption of
glucose 1s depressed ° apparently because of hypoactivity of the thyrod
Dysfunction of the digestive tract 1s implicated further by the observation
of Shaw and Greep!! that the general condition of the body and apparently
the synthesis of protein more nearly app normal 1f hypopk:
tomized rats are fed purified diets rither than commerctal laboratory chow
In these studies the punfied diets may have been digested more eastly by
the functionally defictent alimentary tract of the hypophysectomlzcd anmals

Alleviation of some of these defy has been pted by hormon!
therapy of hypophysectomized rats The weight of the intestine and
pancreas m pigeons 1s restored most effectively by lactogen and thyro
tropin 3 Somatotropin induces a marked increase mn wesght of the stomach
and intestine 1n hypophysectomized rats ! The reduction m secretin content
of the ntestine 1s prevented by the admimistration of crude anterior putwitary
extracts somatotropm or corticotropin  Thyroxme 1s meffective 18 The
amylase activity of the pancreas 1n hypopt d rats 1s lated by
thyroxine® and the rate of absorption of glucose 1s restored to normal by
the same hormone 14

Table 1

SOME SEROUS OR SEROMUCOUS GLANDS ASSOCIATED
WITH THE DIGESTIVE TRACT

I Oral and Pharyngeal
A Anterior lingual buccal labmal etc
B Salvary
1 Parotid*
2 Submandibular*
3 Sublingual*
1 Esophageal
A Cardiac
I Gastric
A Fundie (chief cells)*
B Cardiac pylorc
1V Intestinal
A Crypts of Licberkuhn (cells of Paneth)
B Associated Glands
1 Brunners
2 Pancreas*®

* These glands are discussed 1n the text
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the effects of removat of other endocrine glands which are under pitustary
control Gonadectorny does not atter the cytology of chief cells or ther
capactty to secrete pepsin The effect of thyroidectomy s simiar except
that the total peptic actusity s reduced because of lessened production of
gastric yuice 1 17 Adrenalectomy results tn some smvolution of the cheef cells
and suppression of pepsin secretion *® These changes are not comparable
with those which ensue after hypophyseciomy but become so f thyrord

ectomy and gonadectomy are combimed in the same ammal with adrenal

ectomy ¥ These observations supgest that the anterior hypophysts reguiates
the chief cells mamnly through the adrenal cortex

Table 3

EFFECT OF SOMATOTHOPRIN ON THE SECRETION AND FEPTIC
ACTI¥ITY OF GASTRIC JUICE

Treat ’i‘; Mean $of Mean PUS Mean Total
ment R (i) X118 /mi PU X 10, Sample
ars
t Control 3 131x0%9t 763k 130 947321230
% Hypophy
sertomy k] 53044 3% 72 2263 408
3 Hyp Somi s 852171 468+ 103 3491 663
Group 1 vs 2 P=< 001 > 03 < 001
Group 2 vs 3 P> 08 > 05 > 05

*PU = hemoglobm protedtytic units or mEg tyrosine released
1 Standard etror

t Somatotropi 1 mg dasly for 7 days b 9-13 davs after

The activity of chief cells 1 hypophysectomized ammals must be resiozed
to normal with replacement therapy before the role of the antenior hy
pophysis can be assessed with finality Thus is of particular importance be
cause certaan studies incdicate that neurohypophyseal hormones modify gas
tne secrewon ©#1 However this conclusion s denied by Gross Ingram and
Fugo? as a result of carefully controfled studes To date therapy with
thyroxne * cortisone acetate hydrocortisone  somatotropn and force
feeding sepurately and in various combinauions have been tned  Adaptation
to force feeding by stomach tube was accomphished over a peniod of 7 days
by gradually increasing the amonnt of food admunsstered Then hypophy
sectomy was performed and the feeding continued for another 7 days Al
of the hormonal treatments were carmed out for 7 days having mmtiated
therapy one or 7-12 days after hypopbysectomy Thyroune (3pg /day)

We wish 1o thank Squibb and Company for the L thyroxie Merck and Company
for cortisone acetate and hydracartisone and The Armour Laboratosses for somato
tropin (Lots 285-128 and 285-183)
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Fi6 1 Chuef cells of fundic stomach Hotchkiss and methylene blue sta
(A) Non hypophysectomized control The staining of the cytoplasm 1s due ©
the presence of ribonucleic acid The apical cytoplasm 1s vacuolated becaus®
the pepsiogen granules were not preserved (B) Hypophysectomized 17 days
previously The chief cells (arrow) are 1 Hyp d for
17 days previously and treated with somatotropin 1 mg daily for last 7 d2)*
Ribonucleic acid 15 increased greatly over that n (B)
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FiG 2 Chief cells of fundic stomach Tohndine blue and eosin stam
{A) Non hypophysectosmized contrel (B) Hypophysectomuzed B days pre
viously (C) M: 8 days p 1y and treated with 1 mg of

hydrocortisone daily duriag the Jast 7 days The wmvelution of the ehief cells 15
retarded as shown by companson wath {B)

13
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does not change the cytology of the chief cells Somatotropm and force
feeding increase somewhat the size of the cells and amount of nbonuckic
acid as mndicated by basophilic staming (Fig 1) However, the result fals
far short of achieving the normal picture Simlarly, somatotropm whes
myected at a 1 mg daily dose for 7 days, induces an insigmificant change
pepsin secretion (Table 3) The best cytological effect was obtamed wih
hydrocortisone when therapy (1 mg /day) was begun the day after hypoph
ysectomy In this case the involution of chief cells which occurred durnt
the subsequent 7 days was not as severe as that in non treated hypophy
sectomized rats (Fig 2) Smilarly replacement therapy with 05 mg o
cortisone acetate daily elicits a significant rise 1n the secretory capaciy of
chief cells (Table 4)

Table 4

EFFECT OF CORTISONE ACETATE ON THE SECRETION AND PEPTIC
ACTIVITY OF GASTRIC JUICE

Treat 1:/’,; Meany ol Mean PU* Mean Toul
ment Rats () X 10 4mi  PU X 10 4/Samp!
! Control 6 137%132f 988133 1294 = 1290
2 Hypophy
sectomy 7 532044 619 50 328 379
3 Hyp +CA% 6 87053 983 % 37 gas 1= 534
Group 2 vs 3 P = < 001 < 001 < 001

*PU = hemoglobin proteolytic umits or mEq tyrostne released

¥ Standard error

% Cortisone acetate 05 mg daily for 7 days beginning 9-13 days after hypoph"
sectomy

Tt would be premature at this time to draw a final concluston concetnité
the route of pitwitary control over the cheef cells Many more replnccmcm
experiments must be carried out m which dosages and duratson of hormon?
tr are explored ly At the 1t appears that the chief
cells are affected by many factors Thus food intakel and somatotropi
modify the content of nbonucleic acid this substance bemng of great 1%
portance m the synthesis of protein enzymes Of the agents tested adreno-
cortical hormones are the most effective in sttmulating the secretiot o
pepsin by chief cells of the hypoph: d ammal although they havé
not restored the normal cytological prcture These results indicate that 2
major route of pitwitary control 1s through the adrenal cortex Thts l’l}prth
ests 1s supporicd by extensive studies i man * which reveal an mereased
secretion of pepsin and excretion of pep during ad rtical
therapy That the adrenal cortex 15 not the only route of pituitary control
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15 proven by the failure of adrenalectomy to result in the severe structural
and functionnl changes 1 the chief cells which occur following hypophysec
tomy

Salvary Glands
Parotid Of all salivary glands the parotid 1s affected most severely fol
lowing hypophysectomy The gland weight 1s reduced markedly when com
pared with that of non operated control animals (Table 5} and the acm

Table 5

WEIGHT OF THE SUBMANDIBULAR AND PAROTID GLANDS 35 DAYS
AFTER HYFPOPHYSECTOMY

tid
Group No of Submandibular Paro!
Rats Gland (mg)| GW /BW* | Gland (mg) GWIBR
Control 10 171 = 20¢ 095x012 238 = 57 13703
Hypophy
sectomy 10 92+3 071007 7417 057=0H

P= < 001 > 05 < 001 <v

* Gland Weight (mg )
Body Weight  (g)
+ Standard deviation

mnvolute with an accompanyng and stoking loss of zymogenic granules
(Fig 3) Admumstration of corticotropin to non hypophysectomlzed s
has a similar effect ¢ The basophilia of the acinar cells 1s reduced but muck
stull remams Recent studies m this laboratory by Mr Gerald Klegn!
demonstrate that the parotid gland of the rat contains a high concentration
of amylase activity which 1s depressed sigmificantly by hypophysectomy In
attempting to restore the lost weight of the gland after prtuitary ablation the
admnistration of thyroxine (3ug /day for 7 days) proves meffective Treat
ment with somatotropin brings about an ncrease in the absolute weieht
the gland weight/body werght ratio not bemng altered sigmificantly (Table
6)* The correlation of the data on this merease 1n weight with that on the
hsstological picture 1s not completed but 1t can be stated that the increasé n
wesght 1s not due to the accumulation of fat in the stroma of the glﬂnd
Cortisone acetate mduces some increase 1 weight which 1s not statistcally

# The means and standard deviattons of the body werghts for the rats treated with
somatotropin (Tables 6 and 9) were as follows At the ume of hypophysectomy non
hypophysectomzed controls 188 =7 g Bypophysectomized 184 & §  hypophyset
tomized somatotropin treated 187 % 5 Atthe time of mmtiation of hormone ue;\lm:"l‘i
ol 14 16127 and 165 11 respecinely Al autopsy 208 % 11 159 %10 an
199=17g respectively
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an enzvme The {unctional ssgatficance of the 1cmar eputhelum 13 m doubt
Accordmg to Grad and Leblond ® it produces mucus because the cells
stain with PAS (penodic acid feucofuchsin) after fixauon sn bichromate
formal Alier fixation of our matenat m formain alcohol acetic acd only
sparsely scattered PAS staming granules appear which certamnly cannot
account for all of the mtraceflular secrelion since the apical cytoplasm
remans extensively sacuolated Zenker formol fads to presene the sub.
stances contamned by these vacuoles We agree with others ¢ that the acinar
epsthelium cannot be chminated as a posstble source of enzymes

The absolute werght of the submandibular gland 1s signtficantly less in
hypoph Tats as pared with their non operated controls but
when considered 1n relation to body weight this difference 15 not sigmficant
(Table 5) The acinar epithelal cells are only shghtly smatler and contam
a moderately reduced amount of mtracellular secretton Ribonuclerc acid
1s retamed 1n great quantity However the hesght of the epithelium of the
duct system 1s strkingly lower and the serous granules dusappear from the
ntralobulr tubules The submandibular gland of the mouse s affected
simiarly by hypophysectomy ¥

Therapy with somatotropin wicreases the weight of the gland i hypophy
sectomuzed rats m proportian to the gamn sn bedy wesght {Table 6) The
granulation of serous tubules is restored partially Since thyroune®® and
androgens 3 ¥ have been shown to ehest this granulation in hypophysec
tormuzed rats the thyrotropic activity 1n our growth hormone preparations
may have been responsible However cortisone acetate (05 mg daily for
7 days) mcreases the absolute weight of the gland (Table 7) which seems
doubly sigmificant because the body weight of these anmals conttnues to falt
off The latter effect 15 partially responsible for the signaficant inerease which
occurred 1 the gland weight/body weight rato Thus the adrenal cortex
may have a more umportant nfluence on the submaxillary gland than has
been realized heretofore

Sublingnal The primary function of the sublingual gland 1s the secretion
of mucus rather than enzymes Thutty five days after hypopbysectomy 1ts
weight 15 Jess than that of the glands mn the non-eperated control rats {Table
8) However this change is not out of proportion to the lesser body weight
The histologicat effects are munor and are featured by a greater concentra
uon m the wtracelular mucus which results m more atense stamng
These changes are of minor sigmficance when compared with those oceur
nng i serous cells which are known to produce enzymes

Pancreas
The weight of the p 1s reduced i g hypop
sectomy when considered on an absolute basis or m relation to body
wetght (Table 8) 2% ® Thuty five days after the operauon the acim are
smaller and comtam fewer zymogeme granules although they are con
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Table 6

EFFECT OF SOMATOTROPIN ON THE MEAN WEIGHT OF SUBMANDIBULAR
AND PAROTID GLANDS AFTER HYPOPHYSECTOMY

Treat No of Submandibular Parotid

ment Rats N Clnd o) | G W B + | Gland (mg)| G 183
1 Control 12 173223 083x011  175x37 085=01
2 Hypophy

sectomy 10 9%6+11  060x004 9023 05Tx0M
3 Hyp +Somi 10  127+19 0632008 [33x48 068+01
Group 1 v+ 2 P= < 001 < 001 < 001 < m
Group 2vs 3 P= < 001 > 05 < 08 >0

* Gland Werght (mg)
Body Weight ~ (2)
T Standard deviation
t Somatotropm 1 mg daily for 7 days begmning 10-14 days after hypophysectomt

Table 7

EFFECT OF CORTISONE ACETATE ON THE WEIGHT OF SUBMANDIBULAR AND
PAROTID GLANDS AFTER HYPOPHYSECTOMY

Treat No of Submandibular Farotid

ment Rats | Gland (mg) | GW /B W+ | Gland (mg)| GW/BP
1 Controt 4 176 =19 092+ 009 185 x22 097010
2 Hypophy B3x 4 056003 2x12 063000

sectomy
3 Hyp +CAL 4 15+ 8 082+007 11227 08101
Group 1 vs 2 P= < gol < 001 < 001 <ol
Group 2vs3 P = < 001 <ot > 05 > 05

* Gland Weight (mg )
Body Weight  (g)
+Standard deviation
{ Cortisone acetate 05 mg daily for 7 days beginning 14 days after hypophy
sectomy

stgntficant (Table 7) At present the hormonal pathway for control of this
gland 1s not clear but somatotropsn may play an important role
Submandsbular As mferred from their cytology one and possibly two
portions of the submandibular gland possess the capacity to secret®
enzymes Certain segments of the mtralobular ducts are lined by an epithe
Tlium which contains serous les These probably rep precursors of
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puutary ablaton fals fo mcrease the weight of the pancieas However
costisone acetats given under sumtlar conditions at a dose of 05 mg /day
increases the absolute weaght and gland to body weight rato {Table 10)

Table 10

EFFECT OF CORTISONE ACEYATE ON THE MEAN WEIGHT OF SUBLINGUAL GLAND
AND FANCREAS AFTER HYPOPHVSECTOMY

Treat Mo of Sublingunl Poncress
ment Rats

Gland Omp) | GW BB * } Gland{mg) {G % /BW

1 Controd 4 W 02 £004% 893 % 110 4706
2 Hypophy
sectomy 3 PLER] SI1B £ 003 369 67  215x04
3 Hyp +CAZ 4 ISx6 025+ 003 516 59 37204
Group 1 vs 2 P= <05 > 05 < 00! < 01
Gsosp 2 vs 3 P= < QS < Q1 (113 <t

*Gland Weight {me)
Body Weight™ (3
{ Sandard deviation
1Cortisone acetate 05 mg darly for 7 days beginnng 14 days after hypophy
sectomy

Discussion

This feview represents only a begmming m the anralysis of the hormonal
regulation of enzyme producing cells but d that heren hes a
ferttfe field for future mvesng Several hizatons have become
evident which may serve as guides to future work and which are pertinent
ta the objectives of thus symposum

Fasst stas erroneous to regard all exoenne glends as bemg controlled to
an ¢qual degree by the antertor hypophysis Rather these glands must be
considered with respect to the type of secretion which each produces On
this baus the glands 4 with the dig tract fall mto 3
genetal categonies (o) mucows {b) serous of zymogense and (o) muxed
the latter appearing to produce a mixture of mucous and serous secretions
The cytology of the acia of the mucus secreting type as exemplified by the
sublingual gland undergoes anly minor modification after hypophysectomy
The scims of the submandibular gland whose role m mucous and serous
secretion 1s poorly understood also are affected to only a moderate degree
At the oppostts extreme glands or their parts which ate composed pritanty
of serons or zvmogenic cells eg  chief cells wm fundic glands the parotid
gland pancreas and serous tubules of the submandibular gland are affected
much more symificantly by the loss of pituttary hormones In these cases
nvolving the elaboration of enzymes the structural features of this mvolu
tion are thase which charactenze cells whase synthetic capacity 1s suppressed
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stantly present After hypophysectomy, the faint basal chromophilia of the
epithelium (fixed 1n formalin alcohol acetic acid and stamed with methylese
blue) 15 reduced and amylase activity 1s depressed 8 Miss Nancy Thoms hss
demonstrated recently i this laboratory that the protease actwty &lso
shows a striking reduction

Table 8

WEIGHT OF THE SUBLINGUAL GLAND AND PANCREAS 35 DAYS
AFTER HYPOPHYSECTOMY

; No of Sublingual Pancreas
roup Rats | Gland (mg) | GW /B W * | Glond (mg)| GV /2P
Control 10 4546t 0248004 80486 447205
gﬁf::ll)]’y 10 31+4 0239+003 328%75 2532086

P= < 01 > 05 < 001 <o

* Gland Weight (mg )
Body Weight ()
+ Standard deviatton

Somatotropm therapy for 7 days fails to induce a weight zun 1 the
pancreas of hypophysectomized rats in spite of a marked gainn body weight
(Table 9) Kinash et al® observed a significant increase 1 the absolute
weight when treatment was continued for 21-28 days This nise fell short of
restoring the normal body weight Nishtkawara et al & found thyroxie
elicit a considerable recovery in amylase activity In our experiments treat
ment with L thyroxine (3ug/day for 7 days), begmmng 7 days after

Table 9

EFFECT OF SOMATOTROPIN ON THE MEAN WEIGHT OF THEL SUBLINGUAL GLAND
AND PANCREAS AFTER HYPOPHYSECTOMY

S
Treat Mo of T ublingual Pancreas
ment Rats l Gland (mg) | GW/BWs | Gland (mg) |G W BV
1 Control 12 377 018003 8024113 3804
2 Hypophy
sectomy 10 24 020002 455+ 68 29%04
3 Hyp Som} 10 0x5 016003 480+ 113 24=06
Group1vs2 P= <05 > 05 < 001 <ol
Group2+s3 P= > 05 < 05 > 05 > 05

* Gland Weight (mg )
Body Weight  (8)

dard deviation
;gt:l':atolropm 1 mg daily for 7 days beginmung 10-14 days after hypophysectomy
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studhes presented the dutn and observations are concemed primanly wih
the reserve of stored enzyme rather than with rates of secretion Glands of
the digestive system undoubtedly contawn far more enzyme at any one time
than 13 needed by the body This concept 1 cumpanble with the large
sesenve of fissue known to be possessed by many other organs If one of the
pumary defects i hypophysectormzed ammals 15 a change m protemn
metabohism which reduces the ammals regurenent for amno acids 1t
follows that a smaller quantity of digested and absorbed food will suffice
Hence the deficient sceretory capacity of zymogenic cells i a hypophysec
tomzed anmat may stil be adequate for fus depressed Jevel of living This
agrees in essence with the concluston dersved by Samuels ¢t a1 ? from bio
chemxcal studses which holds that the deficiency in absorption of foad 15 of

to the bohe disturbances which occur after
hypophysectomy Nevertheless the deficiencies wduced by prtustary abla
tron i the zymogenic cells are so severe that it seems premature to elimnate
them as having a small primary role 1m the cham of events Jeadmg to cessa
tion of growth
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Second nsofar as brochemucal studies have been carried out on enzym
producing tissues the cytological involution which follows hypophysectomy
correlates rather well with the reduction 1n content or secretion of enzymes
This holds for the secretion of pepsin by chief cells, the content of amyls
m the parotid and the content of amylase and protease in the pancreas

Third, 1t 1s imposstble to draw conclusions at the present time concermnt
the nature of hormonal control over the varnious zymogenic cells Only2
beginning h1s been made n the essential expeniments mvolving seplaee
ment therapy These are difficult and require thorough exploration of dose
and time resp 1 hips Our pts at repl t therapy after
hypophysectomy thus far have fallen considerably short of complete
restoration of a normal cytological or functional state mn the zymogentc cells
Hence deductions made from avalable mformation must be viewed witb
caution

Treatment with somatotropin increases the weight of the parotid and
submandibular glands 1n hypophysectomized rats as a part of the genera!
growth response of the body It remains to be demonstrated that this con
stitutes a partial functional recovery Although we found somatotropit tobe
without effect on the pancreas hmash et al® reported 1t to cause a1
increase in weight Nevertheless these investigators pomted out that some
unknown factor 1s still required for full recovery Because of the presence of
contaminatiny, principles in growth hormone preparations more studies
must be carried out to eliminate the possible involvement of other endocrn
secretions in the induction of these responses Somatotropin exerted some
effect on gastric chief cells but falled to restore the normal complement of
pepsinogen granules as well as the capacity to secrete pepsin

Viewmg all of the evidence available 1t appears that an important route
over which the antertor hypophysis modifies the activity of at least some
zymogenic cells 1s through the adrenal cortex with some effect beng
mediated through thyroid gland Sufficient knowledye has been acquired
to show that such a generalization cannot be applied strictly to all of the
zymogenic glands and that clanfication of the hormonal regulation of each
gland represents a special endocrine problem Probably there 1s 10 on¢
hormone which when given to a hypophysectomized mimal can restore a0
involuted zymogenic cell to a normal state of activity Without doubt 3
normal cytological state and optimal function are the outcome of the mtef
play on the cell of many hormones and nutritionnl factors as s true of most
metabolic processes

Fimally whats the fi of the d enzyme g capacity
of zymogenic cells to the growth stasis which follows the hypophysecmm\"
Several facts are relevant One 1s faced with the over nding observation that
somatotropin can restore a nearly normal rate of growth as indi.ted by
gam 1n body werght (a 20% increase within 7 days of treatment) » ihout
full restoration of structure or enzyme content of zymogenic cells In the




Effect of Somatotropic Hormone (STH)
Upon Inflammation

Hans Selye
tnstitut de Medemne et de Chirurgie fes Ui de M 3
Manireal Conada

Introduction

The volumnous lterature concerning the effect of the piturtary adreno
cortical system upon mflommation and infection has been surveyed m a
senes of monographs * 4 In view of this and of the hmitations i time T
shatt restrict my discussion here to those studies on the action of STH upon
wiammation about which I ¢an speak from personal expenence

We became interested m this topic as a result of observations which
revealed that it s possible to produce mflammatory changes (e g myocar
ditts artentis arthntss) in ammals by treatment with a crude Iyophibzed
anterior pitwstary preparation (LAP) 87 as well 25 with desoxycorticosterone
acetate (DCA) # Thus it has been demonstrated that true inflammatory
changes can be produced by hormonal agents ¥ under suitable experrmental
conditions

Subsequent work dcmonstrated that these same hormone preparations
are even more effective in P to local 1t
tants {eg frostate formahm) that ts they au«mem the mflammatory
potentat o} tssues ¥ The prophlogsstic effect nl LAP and of the most
highly purified STH preparations now avaifable s roughly parailel ta thew
growth promoting action hence 1t 15 highly probable (though st not eer
tzm) that this activity of pitastary extracts 1s due to thess STH content 311

after ad both LAP and STH completely lose
thewr ability to produce spontaneous sclerotic and mflammatory changes
m the kidney heart and vessels and yet they retan therr ability to stimulate
mﬂammatmy responses to direct tissue myury for nstance m jounts or sub
123
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the prophlogistic corticords (P C) stimulate the proliferative abdily and reac
tiity of connective lissue they enhance the nflammatory potenutal  Thus
they help to put up a strong barncade of connective nssue through which the
body 1s protected against further invanion by the pathogemic stressor agent

However under ordinary conditons ACTH stumulates the adrenal much
more effectively 1o secrete annphlogisnie corticords {A C) These mhibit the
ability of the body 1o put up granulomatous barricades sn the path of the i
vader m fact they tend to cawmse involution of connecuve tissue with a pro
nounced depression of the nflammatory potentiat Thus they open the wixy to
the spreading of snfection

STRESSOR
Fia

As far as we know ACTH always stmulates the adrepal to produce the var
ous corticoids 1 the same propostion and always with a great predommance
of ACs However the somatotropic hormone (STH) of the pitutary also
mcreases the potentral of tssue asthe P Cs
do hence 1t sensitizes the farget area to the actions of the latter

It 15 possible that the hypophysis also secretes some spectal cortcatropin
which mduces the adrenal to elaborate predommantly P Cs indeed STH stself
may possess such effects but this has not yet been proved Xn apy event f ACTH
were the only cortiwotropin the actions of the corticoids produced under its
infltence can be vastly different depending upen condittoming factors {such
as STH) which specifically sensitize the target area for one or the other type of
carticoid action Actually condioming factors could even alter the response to
ACTH of the adrenal cortex wself so that s cells would produce mote A Cs
or P Cs Thus duning stress one or the other type of effect can predominate

The fundamental reaction pattern fo topial stressors s inflammation  to
Systeme stressors the G A S Varwous combmations of these two basic
Tesponses conshitate the essence of most diseases !
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cutaneous tissue exposed to yrratants 2213 14 It was thought probable there
fore, that the effects of STH upon the kidney heart and the cardiovasculsr
system are mediated through the adrenals while their prophlogistic actions
upon other tissues are largely direct! However, even this non adrend
mediated effect of STH can be greatly enhanced by sunultaneous treatment
with DCA  as shown by experiments on adrenalectomized rats *

On the other hand certain earlter findigs had suggested that the adrensl
can also exert ki actions For during the alarm reaction
when 1ntense systemic stress augments ACTH and gluco~corticoid secretionl
certam mflammatory responses (e g, the anaphylactord reaction of the 1!
to egg white) are inhibited This antiphlogistic effect of stress also appeared
to be dependent 1n some way upon the adrenal, since 1t was abolished by
suprarenalectomy ¥ The importance of this inhibitory action was only
revealed however after the discovery'® that ACTH and cortisone exett
marked antitheumatic effects As a result of the many expenments whieh
this fundamental observation on man mspired throughout the world, it m3y
now be taken as definitely established that while STH and DCA ke

pounds are prophl ACTH and cortisone like hormones ¢
antiphlogistic Thus the mflammatory potential of the orgamsm Targely
depends upon the ratio berween the pro and ant inflammatory hor
mones

From a clinical pomnt of view 1t 1s particularly significant that the astl
phlogistic hormones tend to di to 1nf This may b
largely due to the fact that they prevent the formation of a granulomatous
barricade around foci of micro orgamisms (thus facilitating the spread of the
latter) although to some extent the inhibtion of serologic defense reactions
by these substances mav also be mvolved m this phenomenon 1* On the
other hand STH and the prophlogsstic corticoids tend to merease resistanc®
to mnfectrons presumably because their action upon these same defenst
mechanisms 1s mverse 19 021

For the sake of licity Iet us disregard Hife the suil somewhat
obscure role played by the renal pressor system and summanze our views
on the humoral regul. of nfl y It mn the form of 4

dragram

As shown 1n Figure 1 the stressor acts upon the target (the body or some part
of 1t) directly (thick arrow) and indirectly through the pituitary and adrenal:

Through some unknown pathway (labelled by a question mark) a stunulus
travels from the diectly injured target area to the anterior pinitary It notifies
the latter that a condition of stress exists and thus induces 1t to discharge Al

1t 15 quite possible that thus  first mediator of hormonal defense 15 not alway$
the same In some instances it may be an adrenaline discharge n others 3
liberation of histamine like touc tissue metabolites a nervous ;mpulse or ever
2 sudden deficiency in some wvitally important body constituent (such as glucos®

nzyme)
vr.:ncle'ﬂyshmulatcs the adrenal cortex to discharge corticoids Some of these
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the consequent development of the blood supply) can be blocked by con
current STH treatment ¥

It may be appropriate at this ume 10 sutvey the basse techmcal pre
requsites of such expeniments since up to now we did not have enough
experience s this ficld to do so and several otherwsse excellently planned
published studses failed to yield positive results because of purely techmeat
flaws i thew design

(1) 1n any experiment roncermng the importance of ¢ well balanced hor
monal tenston 12 15 essentinl 1o ha e fonr expenimental groups freated as follows

I Untreated controls

I An annphlogisuc hormone (e g ACTH cortisol cortisone) pven under
experimental conditions and at a daxc level permmmg al Ieast ooe of 1its typical
effects to become clearly mamfest {eg wmh of
to wfection growth inhib bol atrophy of lymph organs)

NI A prophiogisnc hormonc (STH DCA) given under the same ccndmons
at a dose level at which one of 1t typical effects s clearly mamfest (e g stimula
tion of mflammatory granuloma and exudate formation growth and anabolism
enfargement of the lymphatic organs)

IV Sunultaneous treatment with the pro and antiphlogste hormones at
dose fevels wiuch are 50 batanced apamst eath other that a complete seutrabza
tion { balanced hormanal tension ) results and the indicator of hormonal action
{eg body weight nflammatory potential) 1s sndistinprushable from the corre
sponding target 11 the untreated controls (Group 1)

M 15 actuatly Group IV which dutermines the dose levels to be used m Groups
1l and HY respectively For instance in an expeniment i which we wish to
examine the effect of 2 hormonal tension  between cortisol and STH upon a
certarn infection w the rat we mny decide arbitraniy to employ cortiso} at the
dasly dose level of 1 mg and use a slowing of the growsh rate as a well-estab
Iished andicator of this hormone s a:uvny Undnr these condmans the rats of
Group 1f should grow at a disunctly frate as d to those of
Group T while the rats s Group IV must recenve as much STH as 15 necessary
o maintan & normal growth rate despite the cortisol treatment Unless this
condrion of perfect balance with regard to a known antagomstic funchion s
fulfilled 1t can hardly be expected thot the expenment ould reveal an anfago
et Between these hormones with respect 10 a hatherto unesplored funztion
(foranstance a special kind of infection)

It may be added that if the antiphlogistic hormone s grven at a dose fevel at
which at 15 manifestly effectsive in respect to one of its charactersstic actions
(Group I1) and the prophlomstic hormone 1s piven at a dose fevel at whaeh 1t
sullifies this effect when given comomtly with the former (Grouwp 1V) then—
at feast m all cases which we have so far exammed-—the effect of the prophlog:s
tic hormone gven alene (Group 1) was always quiie evident and opposiie
derectson to that of the antiphlogistic hormone It 1s for this reason that we may
regard the respanse m Group IV as an ndseator determuung the dosages to be
used wn the other groups

2y #f an annph and a prophk hormone are letely balanced
aganst each other mzacl anumals wnder basic conditions subscquent expo

swre 10 o stressor usnally shifis the balance w fovor of the ennphlogune
harmane

Thus for mstance \f cortisat and STH are perfectly balanced with regasd to
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Relationship between the Antiphl, and the Anticatabol

B

Actions of STH

Intense catabolism produced by severe systemic stress 15 almost 1mvan
ably accompanmsed by a diminution of the mflammatory potentsal, hence 1
1s noteworthy that STH can dimunish or even abolish loss of body weight
normally caused by various stressors This was clearly shown for instance
i rats exposed to X rays  Even the loss of body weight elicited by a1
inflarmmatory wrritant (turpentine) can be thus counteracted ?

In these particular experiments we did not venfy whether the snhsbiuon
of catabolism by STH 1s actually accompanied by a restoration of the
normal inflammatory potential However this was found to be so anmals
in which STH was employed to counteract the catabolic actions of glico-
corticords Simultaneous treatment with these two opposing types of hor
mones leads not to a simple neutralization of both n every respect but
rather to a pl d interplay of and synergisms  ths bas
been referred to as  hormonal tenston

To use a mechanical anafogy the complete relaxation of both agonistic and
antagonistic muscles may place an extremity 1 exactly the same position a8 the
balanced contraction of both these opposing muscle groups yet the resistafic®
the Iimb to external forces will be quite different We believe that such hormcnaj
antagomisms are mmportant mn determining resistance to many diseases an
particularly to those accompanted by inflammation Hence we shall discuss this
topic at some length now

The Phenomenon of “Hormonal Tenston”

The growth inhibition normally caused by ACTH (as well as several of
1ts metabolic actions) can be p d by yus treatment with
STH * In certamn experiments on rats it was shown furthermore that
among the effects of cortisone the mvolution of the adrenal cortex and of
the thymus as well as the antiphlogistic effect (judged by the topical wrid
tron arthriis test) are counteracted by simultaneous STH treatment Cun
ously even those organs which normally undergo an absolute or relatne
increase n size as a result of exther cortisone or STH treatment (¢ g ¢
heart kidney liver) are mamtained in an essentrally normal weight range
1f both hormones are given conjomntly ¢

The mflammation produced by croton o1l with the granuloma palld’
techmque 1¢ the healing of expenimentally produced gastric ulcers, ®of
burns-® and of the noma like erosions which can be produced by mechamea!
trauma 1 the oral cavity of the rat ° furnished further proof that under
the most vaned conditions the mhibition of granuloma formation by cortt
sone or cortisol can be counteracted by STH Even the growth depressing
effect which cornisol exerts upon certain transplantable malignant tumors
(prcsumably due to nterference with the inflammatory stroma reaction and
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Fig 2 Effect of STH and cortsso} upon the development of a granuloma
ponch Ia all these amimals a granuloma pouch Was produced with croton of
A Otherwise not treated B STH treated C Topwwally treated with cortisol (see
o white crystal deposits which form longitudinal streaks along both lateral
borders of pouch) Almost complete disappearance of the pouch as a sesult of
the antiphlogistse hormone D Treated with STH {as B) znd corusel {as C)
The kormone deposits are agan visible Under the mfluence of STH the antr
phlogrstc effect of cortisol 1s partially abolished (After Selyet)

Dependence of Certatn STH Effects upon the Adrenals

The production of myacarditss or periartentss by DCA can be prevented
i the rat by hypophysectomy * 33 Thus suggests that the pituitary 1s neces
sary to make the ussues sensiive for this prophlogistic action of the

} ticosd sub; & 1 we have said an our mtro
ductory remarks—the prophlogistic actions of DCA are augmented by
simultaneons STH 1reatment

Recently we have performed a large senes of expertments on intact and
adrenalectomuzed tats 1 which these interrelationships have been studied
ustng the grapuloma pouch techwque This is the test object currently m
use at our Institute for the study of the corisol neutraltzing effect of varrous
sterowds For such assays adtenalectomuzed rats (usually females weighing
160 ¢ ) are mamtamed solely on  Purma Fox Chow and tap water wirh
ot salt supplements Under these rats treated exch 1y with
cortisol (400 ug /day) tend to lose weight and thewr response to crofon ol
ut the granuloma pouch (25 mi of air+ 05 mt of 1% croton ait 1 com
oil} 15 subnarmal they also.fend to show pronounced atrophy of the thymus
lymph nodes 2nd spleen On the other hand f such ammals also recene
ceftam  cortisol neutrahzing  steraids {eg DCA  acetoxypregnenolone
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therr effect on growth subseq 1 of the e 1 animals with
drugs microbes special diets etc automatically shifts the balance so that the
cortisol effects usvally predominate although treatment with both hormones is
continued at the same dose level

This 15 pr bly due to the that systemtc stress  conditions
most target organs for the actions of the antiphlogistic catabolic homones
(ACTH A Cs) against the effects of the anabolic prophlogistic substances
(STH M Cs) To avoid errors resultmg from this type of conditionig {shich
may change n the course of an experiment as the cumulative effect of constant
stress rises) It 1s important to venfy that the hormonal tension remains balanced
Thus tf we decide to keep the daily dose of the prophlogistic hormone constant
that of the antiphlogistic principle must be gradually reduced during systemic
stress situations of mcreasing severity The degree and rate of this reduction are
easily gauged by the results i1 Group IV 1f we take care throughout the course
of the expeniment always to give as much anttphlogistic hormone as is necessan
to maintain the selected mdicator of activity (e g growth) at the Jevel of the
untreated controls

It may happen of course that desprie such neutralization of the two oppostt
hormone effects as regards one indicator, a perfect balance of therr actiot wafl
not be obtained as regards another We have frequently observed for stance
that under certamn circumstances the body weight of rats mantained on deft
nutely growth mhibiting doses of cortisol could be perfectly restored fo normal
by simultaneous STH treatment and yet they exhibited thymus atrophy ot 3
di m their g P (that 15 their ability to respond with
inflammation 0 topical inyury) An elucidation of the mechanism (eg selecine
conditioming of various targets) through which such selective dissociations 1
hormonal antagonism can occur would be of major importance It 1s impossible
to appraise these pomts however unless two known hormonal anta,onists 2r¢

to have abolished each others actions at Jeast i one respect

Without ascertamning this pomnt we cannot exclude the possibihty that one of the
two antagonsts was given at dose levels (and under circumstances of condition
ing ) which are so excessive that none of the opposing hormonal actions could
have become manifest &

With this in muind 1t 1s hardly unexpected that for instance 1n an €t
penimental series 1 which mice were treated simultaneously with STH and
cortisone at dose levels which did not even permit a prevention by the
STH of the cortisone induced weight loss there was also no demonstrabl¢
antagomism as regards the effects of these substances upon a variety of
infections

To some extent STH can neutralize even the effects of an antiphlogistic
cortrcord topically apphed to a focus of inflammauon Thus cortisol mected
directly 1nto the wall of a granuloma pouch mhibits both the formation of
granuloma and of exudate At the same time at different levels of hormon¢
activity there exists an mverse proportion between the development of an
inflammatory barnier around the irmtant (croton oil) and the tendency of
adjacent tissues to undergo necrosis These local actions of cortisol (the
inhibition of granuloma and exudate formation as well as the facihtation
of tissue necrosis) are effectively d by with
STH?® as d by the ad] photograph
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or prog ) alf these effects of cortisol are abolished
ot hed Since the anti-cortssof activity of the vanous steroids proved
o be roughly pacalfel to therr muneralo-corticosd potency a relationship
between these two pharmacologic actions was suspected $* It 1s especaally
noteworthy that 1n thes fest 10 g of DCA suffices to mwhibit 400 pg of
cortisol

Under ordmary STH b ds i s
ability to inhibut all the abosve mentioned gluco-corticod effects 2% bence
we anticrpated that 1t would also do so i this test It was noted howeter
that i ad i ed rats d exclusnely on cortisol without
salt supplements STH-—even m very hugh doses (2 X 1 mg /day sub
tutaneously}—caused hitle or no growth and did not inhibit the thymolysts
the splenic msolution or the antiphlogistic effect (as yudged by the granu
foma pouch test) of cortisol as 1t does m mtact rats Apparently either an
intake of excess saft (eg substitution of tap water by 1% NaCl as a
danking flwad) ot witha X ticord b (eg DCA)
1s essential for the prophlogistic lympholytic and general growth sumulating
effects of STH Salt supplements are only shghtly effecune m thus respect
but a5 httle as 100 pg /day of DCA suffices to restore the normal growth
sumulating and prophlogistic effects of STH 1n the adrepalectomzed rat
(whether 1t 15 mamtamed on a threshold amount of cortisol or not) These
obsenvations furmish further support for the concept that a close synergistic
retattonship exists between STH and the M Cs

Dependence of Certain STH Effects upon the Thyroid
Inthe rat thyrodectomy offers considersble protection agunst (e toxe
overdosage mamfestations normally caused by STH or DCA In particelar
there 15 a great dimmution 1 the abiity of these substances (used singly or

m ) 0 produce nep 2! and my ditis On the other
hand myrmdectamy dogs not prevent lhc ability of STH to stimulate growth
and the thy action aof combmed treatment with STH and DCA s

pastseslarty propounced s the absence of thyrowd tssue 3
Jn a more recent smdy S:\lg:sdo“ showed that m the mact rat STH
mnduces hypt polyuna m renal cardiae
2nd adrenal enlaxgemem Under shese same condiions a partially punfed
of thyrotrop (TTH) mduced only shight reflam
mamry changes and enlargement of the hdncy and heart polyuna and
hy In thy i d rats all these effects of TTH
are abolshed except (or munimal renal and cardioc enlargement STH
mduces perrarteritis nodosa and arthntis adrenal cardiac and renal en
largement and shght lestons w the ludney The other mamfestations seen
w the intact anumal are absent  The data do not exclude the possibility that
the shight effect of the TTH prey was due to with STH




3

Fic 3 Effect of STH and cortisol upon reststance of granuloma pouch 10
otherwise necrotizing doses of croton o1l Same rats are shown in Fig 2 797
row 24 hours bottom row 72 hours after myection of 0 5 ml of 100 crol®’
oil into the already formed pouch C Necrosis 1s almost immediate and extensi®é
sn ammals recerving cortisol alone B It 1s completely absent in those treaté
with STH alone in which the pouch merely enlarges and becomes better vascy
lanzed as a result of further irntation A Not hormone treated contro! a0
D Animals treated with cortisol and STH show necrosis 1n the soof’ of the
pouch but this develops more slowly and 1s of lesser extent than in rats recett
ing cortisol alone (After Selyelt)
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focal growth stumulating action at the site of snjection somewhat as cortisol
exerts a topical mnhisbstory mfluence

Using an electrophoretically pure STH preparation {kmndly supplhed by
Professor C H Lt of Berheley California) it has been possible lo demon

strate s rats that at the site of sut or

ton at 33 i the pr son of fibrobt: In the treated
region there develops a granu} of large 1 rich
rather basoph i and ded by colt fibers In the
capiflanes and small arleno!es and venules there ensues a marked hyper
plasia of the endothehal cells wiich assume an actually cylindne
form All these actions are particularly pronounced 1f STH 15 snjected 1to
the vicuuty of a jont It was theref concluded that this

hormone may act directly and not through the mtermediary of some other
organ 3

It must be kept in mind however that none of these changes are abso-
lutely specific for STH and although i many conlrol expernments with
other protems we hase seen no ble degree of tissue
stimulation the effect could nevertheless be due 10 some non specific rrstat
ing property of the STH protem Yet other expeniments also appear to
support the view of a direct effect of STH upon connectnne tissue Stebbins
and Stoerk*® found that salur:mon of cotton plugs with cortisone mhibits
thewr ability to i U formation upon subse
quent subcutaneous mmplantation m (hc rat while impregnation with STH
exerts an opposite effect When both hormones sre ssmultancously apphied
they mutually sntagomze each other ix agreement with the punciple of
hormonal batance Essentrally similar cxpenmcms have been performed m
wtact hypoph d and 1 ammals with the result
that 1n every case when both hormones were sncorporated imito the same
cotton plug the focal depressive action of cortsene was reversed by
STH Control extracts prepared by the same method from a varsety
of tssues other than the piustary body proved devand of such actwity
Simitarly the local appheation of a highly punified ACTH preparation
{corticotropin B) devosd of growth hormone activity did not infiuence
the amount of granvlation tissue Since adrenalectomized and hypophy
sectomzed rats form nermal amounts of granulation tissue 1t appears that
nesther the adrenal gland por the pituntary body 15 essential for the response
to the tamgn bady However excessive amounts of cortisone or STH have

upon tissue The authors i

cidentally also mention prebiminary expeniments which mdicate that Jocal
admimstration of STH results 1 acceleration of wound healing

Tt 15 also interesting 1 this connectson that the atrophy produced by
topical appheation of cortisal to the skun under suitable expermentat cont
dittons #* as welt as the stunting of regional growth mduced by local treat
ment of the paw nose ear etc m the rat** are omly msigmificandy m
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Resistance to STH

Spectes Resistance The fact that currently avalable STH preparations
cause httle if any anabolism 1n man has been discussed at some length o
this Meeting by others Let us merely point out that the gumea pig (whettes
mtact or hypophysectomized) 1s also singularly resistant to the growth
promoting action of STH even when preparations are used which at con
parable dose levels produce marked growth in the rat It may be useful t0
have an expertmental ammal which resembles man 1n its apparent 1rrespon
swveness to the growth promoting effect of STH Since several actions of
STH are largely dependent upon conditioning factors (e g det srmulla
neous treatment with steroids) the guinea pig may furnish us with 2 wel
come experimental test object 1n which to explore such possibilities by laret
scale experiments 37

Acquired Resistance Several mnvestigators have noticed that if rats %€
chronically treated with hugh doses of the now available STH preparations
an 1rresponsnveness tends to develop after a few weeks or months The
question arose whether this msensttivity 1s due to the antt ‘hormone form?
tion to some metabolic process accelerating the actual destruction of STH
of to a loss of responsiveness within the target organs perhaps resulting
from the accelerated growth 1tself

To analyze this problem experiments were performed on undernourshed
rats which recewved so Iittle food that they could not grow despite con
tnuous STH treatment It was noted that after ten weeks—when the
normally fed controls which became giants but ceased to grow—an m
mediate excessive growth spurt could be obtamed in the uﬂdcmuunshed
STH treated animals by merely giving them food ad Iib In one such €
periment partially starved rats which weighed only 85 g despite ten weeks
of mntense STH treatment suddenly grew to 245 g within the next thre¢
weeks during which food was allowed ad Iitb Durning the same tume intersal
the body weight of the similarly STH treated control rats (which were well
fed throughout the experiment) rose only from 330 to 340 g Evidently
here 1t was not the duration of pretreatment but the ability of STH t¢
actually mamfest its growth effect that was the decisive factor 1 the de
velopment of resistance

As we shall see below giant rats which became resistant to any further
growth stimulation after long continued admmistration of STH lose body
weight rapidly if treatment be discontinued This also shows that the
resistance develops only with regard to further growth while the Thormon®
1s still capable of mamtainmng an excessive body weight

Topical Actions of STH Preparations

In view of the mantfold factors which influence the responstveness of €02
nectave tissue to STH 1t 1s of interest whether this hormone can exert @
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(1) Relatwonshup betveen the phl and lic actions
of STH The hormone (STH) counteracts the loss of body weight normally
produced by X rays flammatory wntants or gluco corticords In general
thus effect runs parallel with the mhiwton by STH of the suppression of
mflammation that tends to accompany catabolic reactaons However 1t has
not yet been d d that thus p hism s obligatory m all cases

{2} The phenomenon of hormonal tenston  When STH 15 given
sunuftaneously with ACTH or gluco corticoids 1t antagonzes some but
not alf of the effects caused by the latter hormones The complex micrac
tions between these humoral prnciples which result when they are gnen m
amounts bal d as regards lism have been d d as hormonal
tension  The mhibitory effects of antipholy ds upon mil
tion wound healing and even the development of certam transplantable
mahgnant tumors can be counteracted by concurrent treatment with STH

The techmcat of such h ! tension have
been described sn detasd

{3) Dependence of certamn STH effects upon the ndrenal: Some effects
of STH. d { darly the di of ) are
dependent upon (hc ntegnty of the adrcnn{s others (e g anabolic effects

i of 11 resy to snjury) are exhibrted even after
omy The possble cor pic actions of STH have been sur
veyed on xhc basis of these observations

In ad d rats d exclusively on cortisol and not
recesving an excess of NaCl STH 1 quite toeflective tn sumulating nflam
mation or grovth Some mineralo-corticord effect 1s indispensable for the
manifestation of the nermat and prophlogstic effects of STH

(4) Dependence of certain STH eflects upon the thyrord Thyrordectomy
offers considerable protection agamst certan foue overdosage rmanifesta
tions of STH (nephroscleross myocardttss) whide st aggravates others
(mesentenic persartentss podosa)

(3) Resistance 10 STH The gunea pig like man appears to be singu
larly resistant to STH and hence may serve as a test obygect for the study of
factors mvolved m species Teststance to the available STH preparations

In the event of long d all avadable STH ¢
cease to stamulate growth beyond a certam maximal level the rat This
fesistance does not appear to be due 1o antthormone formation or to an
actual dest of the b If growth 15 p ted by partial starva
tion duning prolonged STH treatment there epsues an mmmediate growth
spurt as soon as food 15 allowed ad kb This 15 tree even at a tune when
rormally fed control rats (which are allowed to grow) bave already de
veloped resistance

Hyp d rats Hy treated with STH until they become
fants mamtam therr excesstve size for a long tme if STH imjections are
continued however they exhibit a sudden intense catabolism upon with

"
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ibited by systemic treatment with STH n doses sufficiently high to produce
ggantism Thus the disproportion between the organs stunted by topical
hydrocortisol treatment and the rest of the body becomes even more marked
under such conditions The antiphlogistic effect of cortiso! topically apphed
10 a granuloma pouch 1s also only shghtly (though quite definitely) m
hibited by systemic STH admumistration 6

“Withdrawal Effects” after Discontinuation of STH Treatment

Many of the actions of STH proved to be reversible following discon
tinuation of treatment Thus n a large series of hypcphyscctcmxzcd
Sprague Dawley female rats—all of which weighed 130 g on the aversgt
at the beginning of the experiment—treatment with ascending doses, up 1o
10 mg of STH (Armour) per day raised the body weight to an average
of 450 ¢ and caused a marked partially ankylosmg polyarthrits 1 all &%
mals by the 132nd day At that time treatment was intesrupted m hall of
the animals and within one month these lost an average of 100 grams whie
those 1 which STH jections were contmued mamtamned therr bod)
weight at essentially the same level The polyarthritis also improsed only
the rats 1n which STH treatment was discontinued Of course the weiit
of the untreated hypophysectomized rats did not change dunng the whoe
period of observation

It 1s noteworthy that here resistance was acquired as regards the further
growth eflect of the STH once a plateau was reached but the hormone ”i
still mantfestly active since withdrawal of 1t fed to a sudden loss of weight*

It may be mentioned incidentally that desprte the high doses used STH
farled to cause any detectable change m the weght of the adrenals of the
hypophysectomized animals as compared with untreated controls ThS
all the more noteworthy since m mtact ammals the same STH preparatio?
does cause adrenocortical stunulation and when given 1n conjunction wilh
ACTH 1t augments the corticotropic effect of the latter as described pré
viously 4 1t also increased the formation of PAS positive granules ]
methylandrostenediol (MAD) in suitably sensitized intact rats 4%

The 1nfluence of these withdrawal effects upon inflammation has not yet
been studied but 1t 1s noteworthy m connection with the primary object of
our presentation that the increase m PAS positive adrenal granules Jnduced
by STH n MAD treated amumals 1s associated with (though perhaps not
the cause of) an aggravation of the sclerotic and inflammatory changes pro-
duced by these hormones in the kidney and the cardiovascular system

Summary
After an introductory outlirie of our concepts about the relationship he
tween mof and the hypopk d tical system we reviewe
recent mvestigations in this field made by members of our Institute con
cerning the following topics
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drawal of the hormone treatment This shows that resistance to further
growth stimulation can develop although the hormone 1s still capable of
mamntaining an excessive body weight

(6) Topical actions of STH preparations and the eflects of systemic STH
treatment upon the topical actions of corusol A number of observations
indicate that STH ean stimulate connective tissue growth at the site of
apphcation Vartous other protemn preparations do not exhibit a comparable
effect, yet, the specificity of this topical action cannot be regarded
defimtely proven

The topical mhibrtory effect of gluco corticotds upon regtonal grosth
and inflammation 1s only shightly counteracted by systemic treatment with
STH

(7) Effect of STH upon the adrenals In our experience even the hih
est doses of STH failed to mncrease the weight of the adrenals m bypophy
sectomized rats However if STH 1s given together with ACTH 1t meressss
the adrenocorticotropic effect of the latter

When ACTH 1s administered to intact rats 1t causes a Pmnouﬂ“d
adrenal enlargement (which may be due n part to a stimulation of
endogenous ACTH secretion)

When ACTH s given conjomntly with methylandrostenediol (MAD) ©0
mtact rats 1t enhances the ability of the Iatter to produce PAS positié
cytoplasmic granules 1n the adrenocortical cells At the same time the pro-
duction of sclerotic and nfl y ch (nephrosclerosts artents

£

myocarditis) through MAD 1s enhanced by STH
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Fig 1 a Normal pancreatic rudinent of foetal rat b Simmlar rudiment after
10 days cultivation vitre {Chen's method) Note enlargement and advanced
diferentsation of the gland ¢ High power view of the same explant showing
secretory granules duct and an 1slet of Laogerhans (After Chen 1955}

used concentrations of 1 thyroxne which fett withun the lumts encountered
i the blood of human bemgs suffenng from hyperthyroidism

Ouz fiest experiments were made on the cartilagmous fong bone rudy
ments of 6-day chick embryos which mn normal medium grow and develop
very well The addition of 1. thyroxine to the medmm m a concentration of
16 1g/100 m! had a well marked effect on such explants but different
tudiments were affected 1n different degrees (Fig 2) Three types of effect
were noted  accelerated maturation of the cartitage retardation of growth
and m the later stages of cultivation celtular degeneration  Accelerated
mMaturation was greatest in the wing bones and especially 1n the radiss
while retardation of growth was most pronounced 1 the femur and tibia
(Figs 3 4)

In other exp the & d or bl destined
fo form the hmb skeleton was removed from younger (435 day) buds and
cultivated 1n the same way The mam effect of the thyrone 1n 2 concentra
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The Effect of Hormones on Differentiated
Tissues in Culture

Honor B Fell
Strangeways Research Laboratory Cambridge England

It 15 now possble to cultivate i vitro many different types of 0rgan nd
ments n such a way that they preserve their charactenstic morphology ‘“d
often exercise thetr normal functions Bones teeth hair endocriné &
exocrine glands the respiratory tract and the gonads have all been grov?
1 an orgamsed state Even the mammalian foetal pancreas (Figs 12 be
has recently been grown as an organ culture by my colleague pr Chen
using a method of his own devising *

The advantages of such cultures for the study of hormonal actvity
obvious but so far they have not been very extensively used for this pur
pose Most of the research on these lines 15 being done 1n three dcpanmﬂ‘lts
viz by Professor Gaillard and his colleagues 1n the Department of Expent
mental Histology at Lerden by Professor Etienne Wolff and his grovP ol
the Department of Embryology in Strassbourg and by ourselves at e
Strangeways Laboratory 1n collaboration with Sir Edward Mellanby of the
National Research Institute London As time 1s muted I have beer aske
to confine my talk to our own work 1n Cambridge and London

The experiments I am going to describe relate to four types of ‘hormonts
(1) the thyroid active principles (2) the growth hormone (3) nsulin ‘"1‘
the hyperglycaemic factor and (4) sex hormones I will deal with the rest s
1n this order

Thyroid Active Principles Recently there has been some discussion =
to whether thyroxine ttself has a direct action on the target organs o
whether 1t has first to be transmuted mto tn 1odothyromine In collaboratio®
with Sir Edward Mellanby expeniments were made to see whether thyroun®
would have any effect on organ cultures in vitro 2 We selected as our m““t
rial the skeletal rudiments from the lmb buds of chick embryos and ®

138



Fic 4 a Contral wina from the same embrya as the tibige shown i Fig 3
6 days m normal mediwm b Opposite ulna from the same chick after 6 days
medium contatming 16 pg 100 m! of added L thyroxine The ulna 1s less sus
ceptible 1o the njurious action of the hormone than the tibta the hypertrophic
cartilage 1s rather more advanced than in the control but the explant 1s other
wise unaffected (After Fell and Melianby 1935}

Fie 5 3 A control skeleta! blastema from the wing bud of an embryo of
Group T after 8 days culzvation m nornral medum The humerus shows no
¢hondroblastic hypertrophy or osufication b The opposte wing blastema from
e same chick after 9 days prowth wm medium contmmng 16 ug/100 md of
2dded L thyrotne The development of the explant has been shmulated 1t s
farger than sts control in the shaft of the humerus the cartstaye cells have under
gone k phy and fi has begua
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Fig 2 Camera Incida drawngs of a set of uving locg bone rudinents YW:
the same 6 day embryonie chuck One of each pair was grown for B 0838
medwm contning 16 kg thvroxiae per 100 mi and the other s MM
medwm Note the diff: effect of the b an the growth of the vanm
tudiments as compared with the controls the shaft 15 much shorer lrn o
treated humerus femur and fibsa shghtly shonier 1n the treated ulna but lon
in the treated radws {After Fell and Metwby 1955)

Fic 3 2 A control ubm from a & day embesome chuck after 6 days 1 nornd!
medim  the eassitage celds of the shaft have hypertrophied and pensastent bor?
has been formed b The opposde tibta from the same embryo after & days 1:
medwm contuang 16 «g/100 mi of added L thyroune The shaft 35 rm!;d
shorter than i the control but shows advanced chondroblastie hypestrophy d
perosteal ossificatian (After Telt and Meltaoby 3955)
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by indirect means or alternatively avian rudiments may not be capable of
responding 10 1ts action A swuitable method for cultivating foetal rat bones
has now been developed by Miss Hay and the experiments will be repeated
on this matenal

Insulin and the Hyperglycaemic Iactor Although explanted avian skeletal
rudiments are unaffected by the growth hormone they respond readily to
msuln This was shown by Dr Chen* who found that when the long bone
rudiments of 6-7 day chick embryos were cultivated 1n medim contaning
016 unit of insuhn/ml  the growth of the shaft was retarded while the
epiphyses were greatly enlarged (Fig 6) The explant became soft and
flexsble and in contrast to thyroxine insulm mmpeded the maturation of the
cartilage so that the zones of proliferative and hypestrophic cells were poorly
differentiated Dr Chen found that embryo extract inactivates insulin and
consequently the action of the hormone was much more pronounced when
the extract was omutted from the medium (Fig 7) Under these conditions
a concentration of only 0 0016 unit/ml produced a significant effect on the
tudiments

It will be seen from the curves n Fag 7 that like thyroxne msulin
affected different rudiments in different degrees the humerus and tibia were
the most susceptible to 1ts mfluences and the radius the most resistant

The effect of the hypergl factor on the expl rud was
also investigated but negative results were obtamed

At the present ume the action of insulin 1s being studied on a completely
different type of tissue viz on the brown fat of the foetal rat A young
American from Harvard Dr Sidman 1s making these experiments 1n our
Laboratory In the anmal an mcxeased quanmy of glycogen appears m the
brown fat cells under various phy
with msuhin When the rudiments of the brown fat are cultvated 1n normal
fowl serum glycogen 15 transiently deposited n the tissue and lipid 15
graduilly forme@ After the addition to the culture medium of 4 0¢/ml of
msullm wirtually free from the hyperglycaemic factor the amount of
glycogen deposited 15 greatly increased and may equal or even exceed that
mduced by the hormone 1n the same tissue i1 vivo A similar effect though
less pronounced has been obtaned with cultures grown 1n Dr Raymond
Parker s artificial medum No 770

Sex Hormones We come now to the direct action of sex hormones on
organ cultures

In Australia a former member of our group Dr Margaret Hardy n
collaboration with J D Biggers and P J Clarngbold showed that the vag
nal epithelrum of the young mouse when cultivated 11 vitro and treated with
oestrogen  heratinises > An American m our Laboratory Dr Raymond
Kahn (now m Professor Pattens Department at Ann Atrbor) had mde
pendently undertaken a sumilar research and using vaginal explants from
young rats confirmed the Australian workers results ® Dr hahn found,
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tion of 16 ;1g/100 m! and even of 1 pg/100 ml was to promote and sl
erate differentiation  Very little degeneration was produced Here aga
different rudiments reacted i different degrees, stimulation bemng greated
in the humerus (Fig 5)

From these results we concluded that thyroxine does act dicectly o &
target organ The changes produced by the hormone i vitro viz acetler
ated maturation of the cartilage and mhibition of growth seem comp
able with the precocious development premature agemg and reduced grosth
of the bones 1n young ammals treated with thyroximne ®

Experiments are now being made with tr1 1odothyronine, which fourd
to be simular to thyroxine 1 1ts effect but nearly four times as potent

Growth Hormone Since this conference 1s pnmanly concerned with &
growth hormone I should have liked to describe some dramatic results
with this agent but unfortunately that is not to be' In collaboration wib
the Department of Biochemistry Cambridge University my colleagues DX
Chen and Miss Hay have made a long seres of expenments 1 whik
vanous fractions and amounts of growth hormone have been added to
culture medum n which the long bone rudments of 6 day chick embrys
were grown With one doubtful exception only negative results weré ot
tamed which suggests that the growth hormone does not have a direct
effect on chick skeletal rudiments The reason for this 1s not yet knov? i
may be that i1 vivo the growth hormone produces its effect on the skeleto?

Control +Insulin
A
Proximal end Distalend Proximal end Drstal end
5 f
& 2 ~
& Smpet, 1
v
&
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Fic 6 Photographs of living explants of bones from a 7 day chick embry0
fter 8 days in vitro one of each pair was grown in control medum (plasm?
2‘1 ¢ without embryo extract) and the other in medm to which msulin (0!
fx:xt/ml) had been added Note the enlarged ends and very short shafts of the
treated rudiments (After Chen 1954)
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In control medium  the glands from the young ammals showed some loss
of epithelial differentiaion (Fig 8) but those from 6 months old ammals
presenved their normal differentiation (Fig 9) Dr Lasmtzki concluded that
to mamtain their normal structure, the young glands require a larger supply
of androgenic hormone than 1s avaslable mn the normal culture medium
while older glands are either independent of such hormones or require less

She tested this view by adding testosterone propionate to the culture
medwm Under these conditions the young prostate preserved its character
1stic structure but more prolonged exposure caused the epithelium to be-
come hyperplastic The same dose of testosterone propionate added to the

Fi6 8 Prostate gland from a young (4-6 weeks) mouse grown in control
medium for 10 days The explant shows some loss of epithelial differentiation
the alveol: are rather dilated and the epithelium s somewhat flattened New
alveol: are formed at the periphery (After Lasmitzki)
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F16 9 Prostate gland from an older (6 months) mouse after 10 days cultiva
ton 1 control medwm The normal structure of the epithelium has been pre
served i vitro (After Lasmitzki)
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H merus Ulna
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A ¢ age length mm)

2 s 8
Time of cultlvat on {day3)
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Tmeofe Ity tion (day ) 1
Fic 7 The effect of 1nsulin on the average length of the bone rudiments “é‘

tivated tn vitro A explants cul n medim embryo edf*

B explants culuvated in medium without embryo extract O-O control @ ¢

nsulin treated (After Chen 1954)

however, that his controls 1n normal medium also keratimised after more
profonged cultivaion This however could be prevented by addmg 3
1U /100 m! of synthetic vitamin A to the medium Under the conditions
of the expeniment this concentration of vitamin A retarded but aid ot
nhibit keratimsation 1n the oestrogen treated cultures

My colleague, Dr Lasnitzka has nvestigated the effect of sex ‘hormonts
on explants of the prostate glands from muce of two age groups viZ
weeks and 6 months She found that the behaviour of the glands i norms!
medium and their response to male and female hormones largely depend
on the age of the ammal from which they were taken
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medium of older plands produced a much more rapid hyperplasia with
mitotic simulation (Fig 10) many of the mitotc figures i these hyper
plastic glands were abnormal

In other expeniments Dr Lasnitzhi imestigated the effect of oestrone on
the explanted prostates  Here agam she found a difference 1n response be
tween the younger and older glinds A concentration of 2y/m) of cestrone
i the culture medum of young p caused hyperplasia and sqy
metaplasia of the epithelium but had Intle effect on the stroma (Fig 11)
‘When older plands were grown n medm contammng 2¢/ml of eestrone

hehal hyperplasia was rarely produced but the amount of fibromusculat

stroma was greatly mcreased {Fig 12) Dr Lasmtzk: has pointed out that
this response recalls the bemgn enfargement of the prostate in elderly men
which 1s due to a hypertrophy of the connective hissue and thus supports the
view expressed by Burrows® that this conditton may have an oestrogenic
ongin

In this brief account 1 have summatised the recent results which my
colleagues and T have obtained 1n our work on the direct action of hormones
on organ cultures iz vitro So far we have been manlv concerned with the
morphological response of the ussues under various expenmental condr
tions but we hope shortly to mvestigate the biochemical basis of some of
these histological reactions
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F16 10 Stmular explant from a 6 months old mouse after 10 days cultva
tion m medum contaimng SOy/ml of testosterone propionate The epithelum
has undergone rapid hyperplasia (After Lasnitzki)

TN
] ., d
'ﬂ’fj;oq‘{"/.l‘:"j?
A W' ‘/.lf ¥ w\’i‘\.‘
LIV SR v, ZHWN “—
Fio 11 Young prostate gland grown for 3 weeks m medium to which
2y¢/ml of oestrone had been added Note the squamous metaplasia of the
epithelium and occluded alveol: the stroma s unaffected (After Lasmtzkt

1954)
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EFFECT OF STH ON THYMI AND SPLEENS OF
INTACT AND ADRENALECTOMIZED MICE
744
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found that the ammals receiving growth hormone acquired rather large
spleens This effect 15 considerably different than the effect of the hormone
on other organized lymphatic nssue structures Yn Figure  are shown certam
data of such a study with two different doses of the hormone 1 will con
centrate on Just one dose compating the response m the intact and the
adrenalectomized controls with that m the adrenalectomized growth hor
mone treated animals You will note that with the large dose of STH there
13 a shght mcrease 1n thymus size Note, however that the size of the
splecn 1s much greater i the 1drenalectomized STH treated ammals There
1s also a marked increase in the size of the spleen in the ntact growth
hormone treated animals whereas there was no change in swre of thvmus
or fymph nodes This observation was of real interest when we considered
that freq: m acute there 15 2 mod increase and some
times quite 3 great increase 1 the size of the spleen This of course n
direetly suggested a possible direct action of STH on the spleen

In Figure 2 1s d d the dose resp tip between the
loganthm of the dose of growth hormone and the weight of the spleen the
hormone having been admunistered over a four day period This relation
ship has been obtamed for hypophysectomzed rats for intact rats and for
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DISCUSSION
Effccts of Growth Hormone on Certain Structures

Designated Discussion

THOMAS F DOUGHERTY (Umversity of Utah School of Medicine) Wib
respect to the discussion of the papers presented this afternoon I woul
like to confine my remarks particularly to the so-called prophlogistie effect
of growth hormone or somatotropmn (STH) First of all some years a20 1*
our laboratory we demonstrated that desoxycorticosterone antagonizes the
ant1 inflammatory or antiphlogistic effect of cortisone In this concept ¥¢
are 1n complete agreement with Dr Selye [t was further evident that this
antagomsm 1s not due to prtwitary suppression or to mhibition of adrenal
output since this effect 1s evident 1n both hypophysectomzed and adrenalec
tomzed anmmals The inhibitory effect or the antagomistic effect of deso™y
corticosterone on certain actions of cortisone was demonstrated also m 5
property of diminishing the anti anaphylactic effect of cortisone Thus 008

can markedly moderate the antiphl and ant: anaphy actons
of cortisone by the 1 d ration of d v e
demonstrated further 1n the acute that desoxycortt

y Tesp
costerone and cortisone interacted on a mol to mol basis and we posxulaled

a type of comp ve action and inhit 1n the tissues No such demo?t
stration of action has been obtamed as yet for STH Consequently, we feel
that the action of STH 1n reducing the anti mflammatory effect of cortison®
ot hyd tisone 1s probabl! drated by a duff } than that
which 1s operative 1n the action of DCA In studyimng this phenomenon A
ran across a side 1ssue which I would like to discuss for a few nunutes

In the course of our studies with growth hormone on the potentiattost of
antibody production and on its relatonship to anaphylactic shock %¢
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significant increase 1n the plasma volume of the STH treated ammal Con
sequently, 1t 1s apparent that an actual normocytic anerua exists i relation
to the increase m plasma volume This led us to the supposition that pos
sibly the mncrease in plasma volume resulting from the growth hormone 1s
taken up 1 large part by the spleen with an accompanyng sequestration of
red blood corpuscles This can be d d best 1
anmals

Now the increased erythroposests 1 bone marrow 1s accompanted by a
marked ncrease 1n the number of immature red corpuscles The nor
mablastic series 15 markedly sncreased and the nucleus m certain cells s
quite open I am not sayng that these cells are megaloblasts but the simy
lanty 1s quite apparent To claim that one can produce a megaloblast 1n an
ammal 1s to place oneself 1n 2 most precanous position

The other observation of great nterest 1s the considerable plasma cell
development which occurs throughout the tissues of STH treated anmals
There 1s tremendous development of such cells m the spleen This observa

P
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DOSE RESPONSE OF SPLENIC WEIGHTS OF STH TREATED
L HYPOX RATS
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mtact mice It 1s possible that 1t could be used as an assay We do not know
enough about 1t as yet except that we have obtaned a simifar slope with
two different batches of hormone 1n two different species of ammals whethet
they are hypophysectomized or intact

Now these observations that admimstered growth hormone mcreases e
size of the spleen led to the study of the mechamsm In our histologed
sections there 1s reticulum cell hyperplasta and a good many macrophages
or fixed reticulo endotheltal elements There are also many highly basoptulit
cells which we call histiocytes The splenic sinuses are stuffed by ths 3
mean stuffed like blood sausage with red blood corpuscles Much of the
increase 1 splemc size 1s due to this blood stuffing rather than to aty
actual growth of spleen meat Accordingly we feel that this ncrease 1 ¢
lated also to sequestration of red cells At the same tume we found 1 e
bone marrow an increase 1n red cell production We could not pick up a0y
evidence 1n the penipheral blood of this increased erythropotests Using the
mean corpuscular hemoglobin concentration red cell count etc as out
mdices This finding led us to consider the posstbility that perhaps we Wer
observing an increase 1n plasma volume which was obscuning the picture 35
far as blood indicies were concemned Accordingly plasma volumes Were
abtawned on mice, both spl d and sham operated, using albumis
tagged with radioactive 1odine As noted i Figure 3 the ntact mice ghe?
STH had plasma volumes which were not sigmficantly different from thost
of the mtact untreated controls Splenectomized controls had a small de
crease 1 blood volume while splenectomized STH treated ammals had 2
small but insigmficant 1ncrease mn blood volume as compared to the mntact
controls If we take out the spleen however we find that we have 2 highly
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with us one of the best tissue cultunsts in the person of Dr Felt 1t 1s very
mportant Ithink to ask her whether or not there is any well documented
m vitro expenment m which growth hormone has snduced the growth of
any ussue

FREDERICK HisAW {Chamman} 1 know we all woold be plad to hear your
opmen on that Dr Fell

nonor FELL Well 1 don t know of anythung There have been some expert
ments reported by Ver Dam s Holland on organ cultures of rat bones but
we were pot wholly sausfied with them ourselves He described an effect
but not one on the growth of the bones He mamtamed that they differentt
ated better with the growth hormone jet there was no mcrease i length
whatsoever 1 dont know of any other such study with growth hormone
whch 1s convineing

FRANK ENGEL 1 was very much tnterested in Dr Fell s observations in re
spect to the miluence of insulin on adipose wssue Could she tell us jJust
2 little bit more as to how long the cultures were exposed to wmsulim prior
1o the development of the marked merease m glycogen? Was this an acute
effect or was this an effiect which was sustmned over many days? I am
mterested 1 this aspect because many people have postulated that the
deposition of glycogen i adipose tissue 10 response to wsulm and other
stumul 15 3 ph which precedes fat dep Iam d to
know also whether Dr Fell has made any observations on the effects of
cosisone m s response of adipose tissue 1o msuhn We {ound rather un

expectedly that aithough cortisone had no effect on the concentration of
glycogen m the tissye when ammals pre treated with cortisone were given
tnstlin there was @ much greater increase i glycogen m the tissue than
from msulsn alone This was a lutle surprising sn view of the fact that
cortisone 13 reputed to snhubit fat synthesss and m view of the glycogen
deposition pecwrnng before this It would be of mterest 2o know whether she
feels that the msulin had any growth promoting effect on this adipose ussue

HONOR FELL Well the effect of the insubn was a transitory thing which was

ded by fat formatio: dentalty 1 should evaph that the work
1s bemng done not by myself but by my young colleague Dr Sidman In
Tegard to your other pomt nsulm does appear to mmprave both growth and
survival of the adipose tissue Dr Swdman finds that wath more prolonged
calttvation the imsulin treated cultures are always very much healthuer
They seem to be larger and better altogether than thase withaut wsulin
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tion confirms the work of Cavellero who has demonstrated a similar plasms
cell increase 1n various organs of STH treated amimals We have found
this change particularly promment i the bone marrow I should hke to
cmphasize that we have found also a shift to the left in the marrow cells and
a marked maturation asrest mostly at the level of the basophilic erythroblast
Thus I would Irke to sum up these few findings 1n the sense that we fucl
STH has a marked stimulatory effect on immature erythropoests This effect
we believe 1s on actual growth or on cell mitosis with an increase m the
number of immature cells without an accompanymg differentiation Con
comitantly there 1s an increase 1n plasma volume which 1s obscured by
sequestration in the spleen of probably both plasma and cells

General Discussion

T LEVITT (New End Hospital England) One could not help but be m
pressed by the galaxy of mteresting and 1mportant papers I would like to
ask one question which 1s directed to Dr Baker Did he find any correlation
between the form and function of the exocrine glands and those of the en
docrine glands n the patients he has studied? Qur field has widened greally
and 1t 15 important to assess the relationship of not only endocrine t0 endo-
crine but endocrine to exocrine glands

BURTON L BAKER Furstly let me emphasize that all of our work was p°f
formed 1n rats and not 1n patients Secondly s far as the assessment of the
relationship of these glands to the endocrine glands 1s concerned i any
expeniment one can vary only so many factors The endocrine factor we
varted 1n the beginning of the experiments either by taking out a gland or 2
combination of glands or by mtroducmg a hormone 1nto a hypophysecto
mized ammal Coming to your specific question we have not studied the
effects of these hormonal treatments on the other ductless glands but I can
assure you that the hiterature 1s filled with such observations

ERIC REID With reference to the absence of an effect of growth hormon¢ n
the studies from Dr Fell s laboratory I would ltke just to mention an ob
servation made m Glasgow by Dr Leslie He has cultured chick heart
fibroblasts and exposed them to certain hormones Growth hormone alone
did little  Cortisone alone did Iittle When these hormones were given 10
gether however there was marked cell proliferation That may be a clue

oNoR FELL Well one of the things we have on our agenda 1s to evaluatt
the effects of two hormones together, and we have planned pamcularly
to study thyroxin and growth hormone It would be very interesting 10 try
cortisone too 11! bear that in mind

BURTON L BAKLR Since the chemusts have had some doubt today 2s 1
whether or not there 1s such a thing as growth hormone and since we have
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with us one of the best tissue culturists i the person of Dr Fell 1t 15 very
umportant 1 think fo ask her whether or not these 1s any well documented

- vitro expenment n which growth hormone has mduced the growth of
any tissoe

FREDERICK Hisaw (Chairman) I know we all would be lad to hear your
opuion on that Pr Fell

HONOR FELL Well Idontknow of anything There have been some expert

ments reported by Ver Dam in Holland on organ cultures of rat bones but
we were not wholly sansfied with them ourselves He descrnibed an effect
but not one on the growth of the bones He mamtamed that they different:

ated better with the growth hosmone yet there was no mcrease i length
whatsosver 1 dont Lnow of any other such study with growth hormone
which 1s cogvineing

FRANK ENGEL 1 was very much mterested in Dr Fell s observations m re
spect 1o the influence of isulin on adipose tissue Could she tell us just
a little bt more as to how long the cultures were exposed to msulin prior
to the development of the marked wincrease tn glycogen? Was thus an acute
effect or was this an effect which was sustained over many days? I am
interested m this aspect because many people have postulated that the
deposison of glycogen wn adipose tissue m response 10 asulim and other
stunuly 15 2 pi which p fat dep Im d to
koow also whether Dr Fell has made any observations on the effects of
cortisone 1 this response of adipose tissue to msuhn We found rather un
dly that although had no effect on the concentration of
glycogen in the tissue when ammals pre treated with cortisone were given
msulm these was 2 much greater merease m glycogen m the tssue than
from smsubin zlone This was a Jmle surpnsing m view of the fact that
cortisone 1s reputed to inhibit fat synthests and 1 view of the glycogen
deposition gccurnng before this It would be of interest 1o know whether she
feels that the snsulin had any growth promoting effect on this adipose tissue

Hovor PELL Well the effect of the sasulin was a transtory thing which was

ded by fat dentally 1 shouid h that the wark
1s bewg done not by myself but by my young colleague Dr Sidman In
regard to your other powmt nsulin does appear to smprove both growth and
wuraval of the adipose tissue Dr Sidman finds that with more prolonged
culwation the mswhn freated cultures are always very much healthier
They seem ta be larger and better altogether then those vathout msuhn
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Growth Hormone Induced Bone and Joint
Changes in the Adult Rat

C W Asling M E Simpson, H D Moon,
C H Liand H M Evans*
Institute of Experimental Biology University of California Berkeley}

The demonstration by Evans and Long in 1921192212 that cheone
administration of pituntary extracts produced gigantism in exp:nmenﬂl
ammals confirmed the conception that this disorder 1 human bemgs results
from pituitary hyperfunction It 1s well known that generalized overgrowt
or gigantism m the human may ev lly be d with disproportioh
of skeletal parts and localized bony overgrowths which are among the mos:
characteristic features of acromegaly

Changes resembling acromegaly have been produced expenmentall)’ by
pituitary extracts i several animal forms 1n the dog by Putnam Benedict
and Teel ® and by Evans Stmpson Meyer and Reichert,* i the guined P&
and mouse by Silberberg and Silberberg ® Selye® had reported that growth
hormone sensttizes rats to the development of toprcal trntatson arthrits
Reinhardt and Li" have reported arthritic changes 1n the knee and ankle
jomts of gonad d adrenal d rats treated for a pl'Dll’“g'd
penod with punfied growth hormone 1n high dosage

The detailed studies of the effect of long continued admunistration of
growth hormone on skeletal growth mn the rat have recently been sem
marized by Stmpson Ashing and Evans 8 It was concluded that the gigants™
resulting 1n fats from growth hormone was primanly the result of ﬂfPl‘;’e‘

fT¢ ol

Iiferative action wathout panying ad i d

«Read by Dr Miriam E Simpson

T}\zxedacd b); grants from the U S Public Health Service RG-A409 A 366 and C-109%
the Research Board of the Umversity of Calfornia the American Cancer Society 106
New York and the University of California Cancer Grant
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skeleton by closure of the epiphyses Certamn of the epiphyseal centers in
the rat remain open and responsive to growth hormone late in life and any
disproporttons tn growth which may appear 1n the prolonged action of
excess amounts of growth hormone could concervably be due to the con
tinued activity at these centers inasmuch as the other centers disappear and
hence no longer participate 1n growth Certain abnormalities 1n growth of
the skeleton other than those dependent on epiphyseal resp have been
observed however in expennmental gigantsm® Among these 1s excess
p 1 as fested by excessive thickness of the cortex
of long bones and the p of thetr tub (eg the deltod)
Smularly the skull laminae and diploe are thickened and the muscular
h are dmr 1o

Other changes were observed 1nvolving both the dense connectsve tissues
and bone which could not be classified simply as exaggerated normal phe
nomena These fell instead 1nto the category of distortion or disease It
was noted for example that chromically mjected rats assumed a humped
position and that the spme could not be straightened completely after
anesthesia or even after death Occasional transient episodes of redness and
swelling of an ankle were noted The thorax was distinctly misshapen 1n
many wnjected rats 1t was wider and deeper and the lower rib margin flared
the xiphoid was markedly everted and the costochondral junction was
thickened and displaced laterally There was also a generalized stimulus to
the growth of fibrous connective tissues resulting m thichened dermis of the
skin and increased size of fibers 1n tendons and ligaments (Evans Simpson
and Ly) 111

It 15 proposed here to examine the skeletal abnormalities induced 1n the
rat by growth h with p 1 ipt on the changes 1n and
about the jomnts 1n order to determine whether or not they represent acro
megalic osteoarthropathy The analysis deals chiefly with the bones forming
the knee and ankle joints and with the vertebral column where the ma
Jonty of joint changes occurred The significant abnormalities were demon
strable m Histol has contributed to the

d ding of the path and to the of the growth
hormone induced osteoarthropathy as an entity distinct from other types of
Joimt derangement

The present report describes the bone and joint changes of rats of the
same groups on which a previous report was made regarding the high inci
dence of neoplasms after prolonged treatment with growth hormone (Moon
etal ) 11 The rats were females 237-239 days of age which had reached
the growth plateau Thus 1n therr sheletons only those epiphyseal centers
wete patent which persist into old age The groups mitially included 15 each
of hypophysectomized or mntact experimental atumals and their respective
controls An interval of 2 weeks was allowed to elapse between hypophysec
tomy and onset of the experiment 11 order to elimmate ncompletely hy

—
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pophysectomized ammals Highly punfied pituitary growth hormone was
mjected for over a year 1n each group, the hypophysectomized rats were
treated for a shorter perzod than the intact rats (380 as compared with
480 days) and accordingly recerved a lower total amount of hormone The
daily dose was mncreased at mtervals during the expertment, as may be read
from Figures 1 and 2 Hypophysectomized and normal controls were 1
jected with an mert protein human serum albumin  Although st was neces
sary to sacnfice a few animals before the end of the mjection period half
or more of each group was treated and observed for the full peried No
ammal 1s meluded m this study which had not been treated for at leat
10 months No operated ammals have been considered which did not meet
the usual cnitena for completeness of hypophysectomy, 1€ a sella turcca
free of epithehal tissue and histological ewidence of atrophic endocrine
organs

Figures 1 and 2 serve to demonstrate 1 terms of body weight, the
gigantism which resulted m the njected groups The first graph shows the
1mtal weight the doses used the duration of njection, and the body weight
increase of the hypophysectomized rats The lack of growth of controls

500;» 12 98
460 - Injected 7
Gontrol
= (Numbers of ats
w 420l shown obove cur es)
£
2
& 480
c
= 340
£
& 300
=
> 260
<
o N ~ B
D 220 P - -
|~ r~
180 o o3 ar D11 Dsemg
o;)sk +0|;X' -I;#xo»} 12 4 15 ok uTs 4 zok 25
1 N B Y

Y U DU AU NI ST 2
40 80 120 180 200 230 280 320 360 400
Days Injected

Fig 1 Curves showing body weights of adult hypophysectomuzed female 1ats
injected chronically with pituitary growth hormone at doses indicated com
pared with proteun 1njected coatrols
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Fic 2 Curves showmg body weighis of mfact adult female rats mjected
chroascally with piturtary growth hormane at the doses indicated compared with
protemn ingected controls

mdicated by the lower curve The second praph gives similar data for the
mtact ammals treated and control
In Table 1 55 shown the overgrowth n total body length (up of nose

Table 1

MEAN LENGTHs OF BODY AND OF TIBIA 1N FEMALE RATS APTER CHRONIC
INJECTION WITH DROWTH HOAMONE

Body Length Tibia
Ne o
Groups Rau, Toral dncrease Length  Increase
ot ) (&3 (mm ) (%)
Hyroruysecromzen
Controls 13 174::04% 504
Orowth Harmone 14 413x08 48x08
1s 1y
Nopmar
Controls 15 407 %07 400£02
Growth Hormone 15 47204 440203
1o e

* Standard error
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FiG 3 Skulls of normal adult female rat (A) and mtact growth hormvl’:
injected rat (B) d rugged Ily at the attachmen
of suboccipital and temporal muscles (X 2 25)

to end of tail} and in the length of a representative bone the tibia which
occurred 1n growth hormone myected hypophysectomized and intact ats
The body length 1s largely attributable to vertebral growth In treated 131
of both types 1t exceeded that of the respective controls by about 11 PEf
cent The ncrease in length of the appendicular skel as sndicated by the
tibsal length was of the same order

1t 1s of interest that the d: of pl p ly xeponcd was
found to be higher m the intact growth hormone treated rats, whereas n
will be shown here that the bone and joint abnormalities were more Pro-
m the hypoph; d treated rats

nounced and
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A sunvey of the skeleton by roentgenograms showed that jomt changes
were most frequent and deforming at the knee ankle, and m the vertebral
cofumn There were also certamn charactenstic changes n the skull and
mandible which are recorded m view of the pronounced changes which
occur n the skull of the human acromegalic with which the expenmentalfy
induced changes in the rat wall be compared

The mereased lenpth and breadth of skull of the mjected rat with m
creased height of the nidges constituting the regions of muscular attachment
can be seent in Figure 3 A section through the exaggerated temporal crest
of such an anmal shows the marked ncrease i heaght of the muscular
attachment 8s contrasted with the control (Fig 4) The ncrease n thick
ness of the laminae s also clearly shown m these sections The hema
topoietic marrow has been expanded within the diploe and even extended
mto the famnae

N
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Fig 4 Transverse section through the panetal bome of growth hormone
treated 1ntact rat (B) fncreased thickness of bone and prominence of temporal
crest as compared with the control (A} (H& E X 1875)
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Fic 3 Skulls of normal adult female rat (A) and intact growth hormvni
myected rat (B) it r pecially at the attachmen!

of suboccipital and temporal muscles (X 2625)

to end of tail) and in the length of a representative bone the ubia which
occurred 1 growth hormone injected hypophysectonuzed and intact rats
The body length 1s largely attnbutable to vertebral growth In treated rats
of both types 1t exceeded that of the respective controls by about 11 pet
cent The increase in length of the appendcular skeleton as indicated by the
tibial length was of the same order

Tt 15 of anterest that the mcidence of neoplasms previously reported %3S
found to be higher 1n the intact growth hormone treated rats whereas it
will be shown here that the bone and jomnt abnormalities were more pro-

d and 1n the hypoph d treated rats
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Fra 6 R of the lower of an I d

adult female rat which had recenved protonged treatment with Ero‘wth hormone
Note bulateral abnormalities at knee and ankle (Naturel size)

rat the lower molar musses the carresponding upper molar entirely The re
lation between the incwsors has also been changed In the rat these teeth
conttnue to grow th hfe and are worn down by action
one on the other Normally the mner margm of the upper mesor 1s eroded
at an obtuse anple wn the mewor of the treated rat this angle 15 no longer
present due to the antero-disph of the dibk

In the more severely affected anmmals both knee and ankle jomts were dis
figured as seen in Figure & The bitateral symmetry of changes seen here was
chasactensstic of all of the knee and ankle deformuties The srregulantses m
bony surfaces present in the partiular ammals the joats of which are de
bieted are so numerous and marked as to render difficult the complete
analysss of the changes ‘These joints wese by no means always so extenstvely
altered and 1t was posssble to classify the degree of damage The wjury to
the knee was graded from as shight, mod or marked
by the following cnitena
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The greater size of the mandible in the growth hormone injected rat and
the resulting dental mnloccluston are seen mn a lateral view of the shull
(Fig 5) The increase in length of the mandible has previously been shown
to result from stimulation of chondrog and g at the con
dylar cartilage 2°1 Although 1t 1s not possible to speak of prognathism m
the rat charactersstic dental maloccluston resulted from this disproporuon
ate growth of the mandible It 15 also to be noted that in the normal sat the
first lower molar articulates with about half of the first upper molar 252
result of dibular antero displ 1n the growth hormone injected

Fig 5 Lateral view of rostral part of skulls of normal adult female rat (A)
and growth hormone injected rat (B) Elongation of mandible molar malocclt
sion and change n shape of inner margmn of upper ncisor 1n the myected

rat (X 225)
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Fio 6 R of the lower af an hypophy
adult female rat which had received prolonged treatment with growth hormone
Note bilateral abtiormalsties at hnee and anhle {Natural size)

rat the lower molar musses the corresponding upper molar enuzely The re
tation between the sneisors has also been changed In the rat these teeth
contue ta grow throughout life and are 1y worn down by action
ane on the other Normaily the saner margin of the upper incisor 1s eroded
at an obtuse angle n the cisor of the treated rat this angle 1s no longer
present due to the antera-dupl of the mandibl

In the more severely affected ansmals both knee and ankie Jomts were dis
Bigured as seen 1n Figure 6 The bilateral symmetry of changes seen here was
chasactenstic of all of the knee and ankle deformities The rregularnities in
bony surfaces present m the particular anmals the jounts of which are de
picted ase so numerous and marked as to render difficult the complete
analysis of the thanges These jomts were by no means always so extensively
altered and it was possible to classify the degree of damage The mjury to
the knee was graded from as shight mod ot marked
by the following critenia
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The greater size of the mandible i the growth hormone injected rat and
the resulting dental malocclusion are seen 1n a lateral view of the shalk
(Fig 5) The mncrease 1n length of the mandible has previously been showa
to result from stimulation of chondrogenesis and osteogenests at the coo
dylar cartlage 12 Although 1t 1s not possible to speak of prognathism 1
the rat, characternstic dental maloccluston resulted from this disproportion
ate growth of the mandible It 15 also to be noted that i the normal fat the
first lower molar articulates with about half of the first upper molar 253
result of dibular antero displ 1 the growth hormone inpected

Fig § Lateral view of rostral part of skulls of normal adult female rat )
and growth hormone njected rat (B) Elongation of mandible molar malocelt
sion and change in shape of 1nner margin of upper i1ncisor n the mjected

rat (x225)
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Table 2
DEFORMITIES OF THE KMEE JOINT
Groupe Aumber | Degree of Deformity
of Rats l Nonz Shight Moterate  Marked

Normar

Controls 15 15 0 o 0

Growth Hormone 1" “ 8 4 o
Hreoenysectovuzen

Controls 19 p) ¢ ° ¢

Growth Hormone 13 1 3 s 4

AT o
~ e e \\'\"""{{\ \e“:
P o - m\,\\ o e

: i

HEXG B Hastologwcal sections of the haee jomt of hypopuysectamized female

A Cl; the parasapptal plane through the medal condyles (H & E x 9}

A nrol wjected with mert protesn B Growth hormone mected Thichen

bt b‘} ::d srregular outhine of articular cartidage and bone underlying 1t increased

. S tissue m subpatelar fat pad synovial hming and at junctional areas be
%en penosteum  cartilage and bone
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1 Irregular contour of condyles of femur and tibia

2 Patellar enlargement with indefimite and irregular outline of the sub-
cutaneous surface, and of proximal and distal borders

3 Irregular borders and enlargement of menisc1 and fabella

4 Malformation of proximal tibial epiphysis and tibial tuberosity

5 Appearance of an overhanging tibial epiphysis with radiolucence
distal to the ventral end of the eprphyseal cartilage plate lippug

6 Increased joint space (due to hypertrophy of cartilage)

In Figure 7 are shown a series of extremuties representing the progressie
degrees of deformity of the knee jomnt

Fic 7 Roentgenograms of the knee jomt of hypophysectomized adult female
rats (X 075) A Control injected with nert proten B C D Growth
hormone injected Slight moderate and severe degrees of deformity

The incidence of deformity of the knee jownts as judged by roentgend
grams 1S summarized according to sevenity m Table 2 No significant de
formuties were scen mn any of the untreated rats normal or hypophysecto-
mzed The deformitics were more common and usually more severe i the
hypophysectomized rats mjected with growth hormone than 1n gected
ammals possessIng a prtuitary

Histologic sections presented in Figure 8 show the knee jomnts of 2 hy
pcph)scclamlz:d control and of a growth hormone treated hypophyse¢
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tral aspect of the tibial diaphysis 1n the region where radiolucence gave the
picture of an overhanging epiphysis there 1s a great mncrease 1n fibrous tissue
1n the junctional area between perosteum cartilage, and bone In the con
trol the bony end of the diaphysis 15 closer to the epiphyseal plate and
more sharply defined

The larger size of the patella in the mnjected rat can be seen 1 Figure 8
but in the mid sagittal section of the same jont 1n Figure 9 the change in the
patella 1s shown to better advantage Irregular outgrowths from the surface
of the patella are seen to extend into the surrounding connective tissue
whereas i the control the contour 1s discrete In this figure 1s shown to ad
vantage the increased connective tissue at the junctional area which 1 this
case developed on the ventral surface of the femur The extension of bone
1nto this fibrous area s also well demonstrated

At the ankle joint there are two types of changes one developing i the
bones of the jomnt and the other 1n adjacent ligaments These changes do
not always parallel one another i intensity In the senes of roentgenograms
in Figure 10 are shown the progressive degrees of urregulanty of bony outline
atthe ankle especrally that mvolving the tibia and calcaneus In the extreme
the radiopacities are so diffuse and irregular that the individual bones can
not be defined

Fic 10 Roentgenograms of the ankle joint of hypophysectomzed female rats
(X 075) A Control injected with mert prottn B C D Growth hot
mone mjected Shight, moderate and severe degrees of deformuty
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_ & -

Fic 9 Histological sections through the femur and patella of hypophyse
tomized female rats (H & E X 12) A Control injected with inert proict
B Growth hormone injected Increase in size of patella with indefinite and
irregular outline of all surfaces and borders

tomized rat i which the roent; had disclosed moderate deformsty
The plane of section 1s parasaguttal to show the contour of the medist
condyles The wrregularly thickened cartilage on the articular surface of the
jomnt the treated rat contrasts with the thin cartilage 1 the control ¢
bone of the tibial and femoral epiphyses underlymg the cartilage shows
some 1rregulanty of outhne when compared with the control The sub-
patellar fat pad has become fibrous and more vascular The synovial 08
15 slightly more evident due to increased fiber content In the sagittal sectio?
1t could be seen n addition that the cruciate higaments were thickened and
srregularly ossified at their attachments to the ibia and femur On the ven
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Fic 12 R showing at the ankle jounts of normal

(left} and hypophysectomized (nght) adult female rats (X 075) A Nor
mal control injected with nert protein small opacity proumal to calcaneus
B Normal rat injected with growth hormone two long opacities near calcaneus
C Hypophysectomized control injected with nert protemn no opacities D Hy
pophysectomized rat imjected with growth hormone multiple opacities near
calcaneus and tibia

cancellous bone extend almost at nght angles from the ongnal surface of
the bone A squared-off’ deformuty 1s thus created which resembles the
sunilar malformation described 1n metacarpals and phalanges of human
An d. of blasts was found in the deep layer of
the p The 1 p of an erosion 1n the hypertrophic
cartilage at the ankle Jomt 35 also visible i Figure 11
In Figure 12 1s illustrated the second type of abnormality which occurred
around the ankle jomnt In the were seen op 1n areas
occupied by ligaments and tendons of this joint They were infrequent n hy
pophysectomized controls but 2ll normal controls showed at least a small
shadow All growth hormone treated rats hypophysectomized as well as
mtact developed these opacities which were longer and more numerous 1
rats which possessed a pituitary This incidence was 1n marked contrast to
that of the other changes at the knee and ankle In Table 4 are gien the
merdence and degree of these changes as observed m roentgenograms
ere was great vanability m the ) PP of these regions
of roen!genogmphlc opacity as shown in Fig 13 They ranged from bemng
in the t hilic areas of otherwise normal dense
and regular connective tissue of tendons or fascia to bemng true bony masses
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The ncidence and degree of the deformities of the bony structures com
prising the ankle jomt are shown 1n Table 3 As with the knee jomt nore
of the uminjected rats hypophysectomized or normal, developed these &
formities The ankle jounts of mtact rats recewving the growth hormone had
almost no deformities, whereas those of nearly all of the hypophysectomued
mnjected rats were deformed

Table 3
DEFORMITIES OF THE ANKLE JOINT
Number Degree of Deformity
Groups of Rats None  Shght  Moderaie Mol

NormaL

Controls 15 15 0 [ N

Growth Hormone 15 14 1 0 0
HYPOPHYSECTOMIZED

Controls 10 10 0 0 H

Growth Hormone 13 1 6 4

The exuberant bony growth sometimes present at the distal end of the
ubra and fibula 1s seen m the histological section m Figure 11 Masses o

Fic 11 Histological sections of the distal epiphyses of the tibia and fibuls
f two h)pophysecmmlzed rats treated with growth hormone Erosion of artict
;);r cartilage and excessive growth of cancellous bone (H& E X 72)
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One such ossicle lies in the deep crural fascia (just before sts descent atound
the calcaneus to become the plantar fascra), a bursa 1s present deep tot,
which 15 lined with synovial membrane and which has a cartilagimous trags
formation on the deep (bursal) surface of the ossicle The bony mass m the
tendo calcaneus 1s not easily distinguished from the surrounding coltagenous
fibers

Table 4

ECTOPIC BONE AND CALCIFICATION ADJACENT TO ANKLE JOINT

Number Extent o} Deposits
Groups of Rats None Stight Moderare Warkd

NormaL

Controls 15 [ 10 5 ¢

Growth Hormone 15 0 1 6 0
HYPOPHYSECTOMIZED 0

Controls 10 6 4 0 4

Growth Hormone 13 1 2 6

In Figure 13 are also shown the size and density of the bony structurt
m the os caleis of a hypophysectomized rat recetving growth hormone Such
masstve deposits of bony tissue occurred withm all the small bones of the
ankle which led 1n some to almost plete solidification Acth¢
bone formation was still occurring as judged by the many osteoblasts beng
altgned along bony surfaces The loss of fat 1n the synovial pads and therr
1nereased fibrous character was pronounced In a few instances there w28
evidence of some chronic inflammation of a non specific type 1 the fibrous
tissue and muscle adjacent to the ankle jomt It 15 to be noted that the ankle
was the only jomt in which mflammation was recorded during the Iife of the
animals

The major deformities were localized at either end of the b Other
jomnts of the appendicular sk were Ily found to be shghtly
deformed but the occurrence was sporadic and the degree was never marked
In no case had the joint cavity disappeared 1n fact an merease of approt
imately 50 per cent in the width of the jomt space was demonstrated b

from made 1n both groups of mjected
ammals at the knee and metacarpo phalangeal joints

Changes mn the vertebral column became obvious during the nfe of e
ammals Limitations of movement curvatures and fixation 1n the dxrecuo:
of kyphosis especially n the lumbar region were poted n 10 of the 1
wweated hypophysectomized rats Though the deformities of the spine ¢
not observed 1n all rats dunng hfe difficulty 1n straighterung them for
section was encountered 1n all It was immediately evident from examied
1 of roentgenograms of the vertebral column that many changes 1n bO%

tio

-~
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Fic 14 Histological secuons through the Sth thoracic veztebra of hypophysec
tomuzed female sats (H & E x 12) A Coutrol wpected with wert proten

B Growth horm treated Exp. of the center has fated to
keep pace with ventral penosteal prowth Fibrous tissue fills the resultant gap

mereased above that of normal controls the measurements were usually
withn the Iimits of normal On the other hand the vertebral dunenssons
were excesswve 1a almost all of the treated hypophysectomuzed rats

In Figure 14 are shown the histological appearance of the vertebral bodies
and the structures in the so-catted intervertebral space which 1s seen i the
roentgenograms The epiphyseal plates of the veriebrae were present and
active which accounted for the mcreased length of the vertebral column
However the fi d epsphyseal centers of on failed to expand
dorso ventrally mn pace with the periosteal growth on the ventral aspect of
the vertebral body The gap betwaen bones 1 filled with fibrous connectve
tissue the of which ts hat bike that ra an mtervertebral
disc though not so orderly The positton of the nucleus pulposus acts as a
converuent gwde m locating the onginal center of the ntervertebral disc
thus serving as a landmark 1 detetmmng the extent of ventral overgrowth
Where the thickened periosteum 55 contipuous with the mtervertebral dise
there 15 a fibro-cartilaginous transtitenal area An excess of osseous tissue
from the ends of the vertebral bodies has extended 1ata and around this
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One change was found to characterize almost all of the mjected anmuks
and 1t was virtually pathognomomc This was a marked alteration n the
shape of the spaces between the bodies of adjacent vertebrae The spat
widened markedly toward the ventral aspect of the vertebrae, creating the
mpression of a notch m the roentgenographic mmage This change could be
found 1n cervical thoractc and lumbar areas and i most affected rats
appeared 1n the majonty of the intervertebral spaces As was shown i the

1t resulted from an growth of the ventral aspect of G
bodies of the vertebrae The vertebral epiphyseal osstfication centers 23
not expand dorso ventrally at a rate comparable with this peosteal grosh
but retamed their former dimensions Instead of bone prohferating fbros
tissue and fibro cartilage filled the area ventral to the epiphysis creating the
impresston of a notch in the roentgenogram

Sice there was some shght regronal variation in the extent of the changes
m vertebrae an easily idenuified region of spectal interest was chosen for
analysts of incidence The junctional area between the lower thorace and
upper lumbar regtons has h 1 fi in quadrupeds
indicated by the change in the mclmation of the vertebral spines The
neutral vertebra at the chinal anticlnal junction 1s most frequently the nunth
thoracic

Table §
GROWTH AND DEFORMITIES IN VERTEBRAL COLUMN
Numb bk Y ertebral and Interseriehe!
Groups umber 1ameter Deformtie
of Rats %n T 9)* Nona—hioderate Markdd
NorMAL P
Controls 13 10+ 03 13 0 0
Growth Hormone 15 22+ 08 11 4
HYPOPHYSECTOMIZED o
Controls 11 10+ 04 11 0 o
Growth Hormone 13 28% 11 1 2 !
* Neutral vertebra at clinal anticlinal junction
{ Lower thoracic regron
Tn Table 5 15 p d the mcidence of hic alterations &

P

the level of the ninth thoracic vertebra None of the normal or hypoph)
sectomized controls showed deformed intervertebral spaces Some of the
intaet, mjected rats showed moderate deformities though n none wert
they marked whereas changes occurred i all but one of the hypophy
sectomized injected rats in which most were extreme The excessive dorso-
ventral thickness of the vertebral body can be seen from the measurements
made from roentgenograms and gven mn the table Though the averd®
dorso ventral diameter 1n some of the intact injected rats was shighthy
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Table 6

BONE AND JGINT CHANGES INDUCED IN THE RAT BY GROWTH HORMVONE

COMPARED WITH ACROMEGALY

Cntena for

Camparesan Rat Man
PROCESSES
Bone Periosteal and endosteal overgrowth osteo  Sinular
blosts active bone spongy vascular exos
tases
Cardlage Artieular hyperplasta with focatized erosions Simtar
Soft Tissue  Capsules thickened synovial membranes and  Simalar
of Junts fat pads fibrous
Inflammatory changes rare ankles only Varable (second
ary ta exostasesy
Junehional Excess growth of bone cartilage fibrous tssue  Sumalar
Areas ©g Ubal tuberosity patella vertebrae { hp
pimg™)
DistrmuTion
Skuft Changes wn contonr thick bony tables and  Acra enlarged
diploe
Mandible  Ags i condylar P
overgrowth
Phalanges No marked changes Ends tufted *
squared porous
knee and Irregular bony growth eiostoses (brush ke  Similar
Ankle ouigrowshs of porous bone)
Vertebrae Exostases ankyloses kyphosis Similar
Excess ventral perosteal growth mereased dt Swamlar
areter
Interverichral dist enlargement with protre  Simular
sion
Thorax Bell shaped” (flared ribs everted xiphord) ®  Barrel chest
Sesamords Increased number knee and ankle Simlar digitat ten
dons
Patella Exostasex Simdar®®
Jowt Spaces  Increased se: pasation of bone ends due to hyper  Sumufar
traphy of articular cartilage
Incmence Vanable m frequency and degree Simsfar

Mare tomman 1 absence of pituitary

Moze common sn hund hmbs than fore hmbs

Yaries i achive and
burned out cases.
Srmitax
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tissue n an wregular fashion and 1n much the same way as has b
described elsewhere 1n comparable junctional areas between fibrous tissie
cartilage and bone Occasionally such bony ledges spanned the gap betwees
vertebral bodies

From the wedge shaped intervertebral spaces seen roentgenographicaly
1t 15 easy to visualize how the vertebral column could become distorted mios
kyphotic curvature and the vertebrae could become ankylosed by extension
of the bony outgrowths 1nto the mtervertebral connective tissue

Dhscussion

There are many striking symilarities between the bone and joint changes
induced m the rat by chromc admimstration of growth hormone and those
found m the human acromegalic 1* These are presented mn Table § Ti
above mentioned changes 1n the vertebrae of rats with expenmen!al gigen
tism are 1n many respects comparable to the changes m the sertebra of
buman acromegalics The overgrowth of the ventral and latesal surfaces o
the vertebrae was recognized by Cushing and Davidoff,? and analyzed b
Erdheim? 3 An illustration from the former source 1s reproduced o
Figure 15 The fungus like character of the outgrowth of porous bone from
the veniral surface of the vertebrae 1s not, however the charactensi
change seen n the rat Here the excessive ventral periosteal bone is usually
reorgamzed and ncorporated so that only a famt rocmgenographlc shadow
remains to mark the boundary between the old and the added new bone
Exuberant outgrowths of bone were seen at the malleolt of the tbi and
fibula of the injected rats These were comparable to the overgrowths “";
on the ventral surfaces of the vertebral bodies and at the tips of the un@?
phalanges of acromegalic patients

Most of the excessive growth and abnormalities mn bone and jon®
described 1 man as in the rat can be interpreted as due to over stunu]:nwﬂI
by growth hormone of periosteal bone which confinues even after 00/
epiphyseal closure Erdheim and others assumed that m areas wher
cartilage persists as in the dibular condyle hondral junction 0
intervertebral fibrocartilage there 1s 1n acromegalics a sre-establishment ©

dochondral New bone f mrats at Hed jun uon!
areas where the transformation of periosteal fibrous tissue Into cartilagé
occurs may also be considered as endochond fi Tn respect
the long bones of the rat there 1s no need for assumng that new cartilagt
formation 1s obligatory for excesstve bone formation at buttress areas
although 1t can occur as an adjunct to deformity as at the knee where the
eplphyseal cartilage plates of femur and tibia remain The excessive boné
formation at the ankle where resorption of the epiphyseal plates had take?t
place before the onset of growth hormone adminstration resulted pnmaﬂl);
from penosteal st it even though pl was present 1 fibrov
tissue
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In contrast to the findings 1 human acromegaly erosions of artticular
cartdage m the rat ankle jont were not consprcuous although it »s true that
irregulanties i the width of the hypertrophic articutar cartifages were char
actenstic No atrophy extensive enough to give roentgenopraphte evidence
of ragefaction was noted in the trabeculae at the ends of the bones  Although
the paws of growth hormone treated rats were thichened thetr Jength did
not exceed normat and no tufung  of the phalanges was noted  An increase
m the number of sesamosd bones was found more frequently in rats than
has been reported for human acromegalics

Many of the skull changes n rats are dufficult to spterpret i terms of the
ctamal mandsbular and dental changes charactenstic of human acromegaly
Differences wn the degree of deselopment of the nasal accessory sious
system and m the mechames of mastication and the Jack of a chun m the
rat disgurse basie sumtlantes m the acromegahe process

The thoracie deformuties 1 man and rat are essentially attrsbutable to o
reanakened nb growth with attendant Iengthemng of me 1ibs and deepemng
of the thorax Both show the enlarg due to the
hypentrophic cartifage and the advancing endochondral and pertosteal bone
formatson

Like the acromegalic changes i man the growth hormone induced
changes sn rats are not hmued to the stimulation of excessive growth o
selected regions artseular cartiage for example 1s hypertrophied m both
species Many changes oceur 1 the connective tissues and those pertamnmg
partieularly to the joints mclude the fibtous replacement of fat pads thicken
g of the capsule and overgrowth at the yunctionat arens between penos
teum cartidage and bone

Wheteas the b hies w tats i from prot d treat
mwent with growth hormone have many posnts of resemblance to human
acromegatic arthropathy they have ittle 1n common with other polyarthatic
jomt disorders In these rats very few features were found which char
atterwe thevmatowd arthntis such as mfammatory changes within and
around the jomts synovial adhestons obliteration of the jont cawty and
atrophy of trabecular bone Simslarly sigps of degenerative osteoarthrisss
were lacking such as atrophy of atticular cactitage denudation and eburna
on of the condyles and joint puce  In some mstances old age n both
73t and man undeubtedly affects the picture while mflammatary changes
part y those dary to exostoses and weight beartng are probably
supenimposed m others

Sammary
In adtition to the antimipated gigantism wultiple bone and Jomt ab
mormakittes occurred i rats myected ly with growth k The

changes were more numerovs and more severe m the hypophysectomzed
imjected rats than n intact rats syndarly treated Only a few abnormahties
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FiG 15 Ventral bony overgrowth in the eleventh thoracic vertebra from 8
case of human acromegaly (below) as compared with the normal (abo¥e
After Cushing and Davidoff Rockefeller Institute for Medical Research Mon®”
graphs No 22 1927 Fig 83

The localization of finer detals of the abnormalities s the two spEcies
may be expected to differ because of nherent biologic differences ¢E
orthograde versus pronograde posture and the persistence im rats of somt
epiphyses even in aged amimals The bone and jornt changes rcpor“d mn
human acromegalics probably will always be somewhat vanable nasmuc
as some cases are studied while still actively progressive and others art
mmactive or burned out acromegalics On the other hand 1n rats it wis
obvious from the size and the number of osteoblasts present that growth
was still continuing even after prolonged treatment

In the growth hormone mnjected groups of rats the chref source of
varability was the presence or absence of the pituitary The changes wete
always more severe mn the hypophyscctomuzed rats The relatively ﬂP“:
appearance of changes 1 the knee and ankle noted by Remnhardt and Llh
m ad d gonad d rats under the influence of ErO%
hormone and the greater number of changes described here as occurrn?
i the hypophy d rat as d with the mtact rat pont to the
importance of the hormonal balance
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Connective tissue fitled the space between the vettebrae ventral to
the epiphyses

Penostesl growth covenmng the widened stenvertebral disc some-
times caused anky losis

Counterparts are found m human acromegaly for the majomy of the

ere desernh

result

R N N

)

P h 3 and for the gross deformities which
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of the types noted in experimental groups were seen in their respectne
controls

1 Excessive proliferation of osseous, cartilagmous and fibrous tissues led
to the gross changes

(a) Penosteal bony overgrowth led to thickened enlarged and defomed
bones to exaggerated osseous attachment sites of hgaments
and tendons and to exostoses

(b) Excessive chondrogencsis m articular cartilage led to meread
separation of bones at joints i regions where there was attend
ant endochondral osteogenests (such as at epiphyseal dscs
mandibular condyle and the patella) it led to increased bone

(c) Excessive prod of fibrous tissue led to fibrosis of
mntra and penarticular structures such as fibrous replacement o
fat pads thickening of joint capsules and periosteum and enlarge
ment of tendons and ligaments

(d) Metaplastic transformations also occurred 1n fibrous tissue Jeadng
to bone or cartilage development in abnormal places such »
ectopic nodules 1n higaments and tendons

(e) At junctional regions between bone cartilage and penosteut (s
in the so called buttress areas of long bones) where overpro
duction of more than one of these tissues occurred the dis
turbed balance resulted m such gross changes as overhanging
epiphyses and lipping  These deformties mcluded excessive
periosteal bone formation with adjacent defects in cndochundra{
bone formation due to deficient expansion of the epiphysed
disc and replacement fibrosis

2 The roentgenographic survey showed the majonty of these deformities
to be located in the hind limb (knee and ankle) and i the vertebra!
column the other joints being spared or mconstantly affected g

(a) At the knee the femoral and tibtal condyles, sesamoid bones an
menisct were enlarged and irregular
The epiphyses showed malformation and lipping with rarefaction
of the contex of the neighboring shaft
The jomntspace was mcreased
(b) At the ankle overproduction of bones and malformation was found
The malleoh of the tibia and fibula were squared and the
calcaneus was deformed Ectopic calesfications and scsan'\O‘d
bones appeared n the tendons and ligaments behind the 10"';
(c) In the vertebral column Iimutation of movement and kyphosts ha
been evident during life
The dorso-ventral diameter of the vertebral bodies had increased
by penostCal osteogenesis there was no accompanying mnerease
1n the eptphyses
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sectomized ammal o rases them above normal i the mtact ansmal Growth
hormone preparations will do this * ' although preparations of equat
growth promating activity show great vacability m thew tenal effects The
information pamed by thes sccond type of procedure cannot be any more
defimte than the separation and purdficabion of the vanous antenior lobe
hermones

We may first consider some obsenvauiops with the first type of pro
tedure  After thyrodectomy there ate shight falls i saubn and
Diodrast® (1) clearance and m TmD but these are much less than
after bypophysectomy The values are restored essentwlly to normal with
desnicated thyroid 01 g /kg ~day orally  Bilateral ovanectomy has no
effect on these clearances of on TmD  The unsupported adrenalectomzed
dog of course shows preat falls in these renal functions but it was con
cluded that the falls i renat function seen after hypophysectomy are not
due to the resuliant depresston of adrenal cortical functton Fust DOCA
support adequate to mamntamn the renal funchion of adrenalectonmized dogs
at or near normal has no protective effect on the renal function of bypophy
sectomized dogs Second our ACTH prepamxons had no effect on mc
venal funcuons of hypopt d dogs bable to

the 1 enh efiect of one ACTH preparation m

hypophysectomized dogs was also seen in adrenalectomized dogs and must
therefore be ascribed to some effect other than adrenocortical stimulatson
The concluston was therefore reached that the majox part of the effects of
hypophysectamy m depressing the clearance and Tim values 15 due to the
loss of some aatertor lobe principle(s) other than the thyrotropse gomado
tiopic or adrenotropic although loss of thyrotropn undoubtedly plays a part

We may begin our consideration of the observations carned out through
the second type of procedure with those on growth hormone admmstra
ton ! 33 When 05 mg /kg daly of growth hormone preparaton 3PRR3
generously supphied by Dr 1 M Bunding of the Armour Research Labora
tories was given subcutancously to normal dogs great mereases n muhn
and PAH clearances and in TmPAH were scen This effect has not appeared
w5 days but 1s present m 9 or 10 days Siwsar effects were obtained with
Armauc s greparation 22KR2

When the same dose of esther of these preparations was given to by pophy
sectomzed dogs even greater were ob and the
effects were manifested eather

The question of whether these effects might be due to the presence of
thyrotropin or ACTH must be considered While thysatropn 1 sufficient

doses as well as d thyroid sub or thy will raise the
teaal fi under di the of thyrotropm present m out
doses of these growth b P were derably fess than
the mmmat of th d to produce d ble effects

on xenal function The dazly doses of 0 5 wg /kg of 3IPKR3 and 22AR2
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Growth Hormone and Renal Function

H L White
Department of Physiology Washington University School of Medicine St Lovs

It 1s well established that removal of the adenchypophysts or depressio?
of its function 1n the dog rat or man 1s followed by dimution in remal
plasma flow (RPF) as measured by diodrast or para aminohippuratt
(PAH) clearance or by Diodrast® clearance/Diodrast® extraction n
uren clearance 1 glomerular filtration rate (GFR) as measured by msuhv:
or creatimine clearance and i Dsodrast® PAH and glucose Tm? %
A water load 1s excreted more slowly *© Ability to conserve sodium 00 2
restricted intake has been reported as essentially normal * and as shghty
but measurably impatred 8 Rate of excretion of a salt load 15 unchanged
after hypophysectomy 1t the dog® Ammonia excretion tn responsé 10
acidosis 1s unct d by hypophy y 10 as 15 renal glutamnase 2t
ity ' In spite of chromically reduced renal blood flow and filtration rate
plasma levels of urea nonprotemn nitrogen sodium potassium and chlonde
remamn within normal hmts with ammals on reasonably normal diets
Diminished urea output 1s a reflection of diminished protemn ntake blood
urea levels although sull withn normal Itmits bemng somewhat ighet
than those for normal dogs at comparably reduced protein intakes

The question anses as to what 1s the anterior lobe principle(s) whos¢ Toss
1s responsible for the changes m renal function following hypoph)sccmm)'
Two types of procedure are available The first 1s to remove vanous target
organs from otherwise mtact ammals and see whether renal functional
changes are produced comparable with those seen after hypophysectom
Thus 1f changes were seen after castration similar to those occurring & ter
hypophysectomy one might conclude that a major part of the hypoph)se®
tomy effect 1s due to lack of gonadotroptc hormones The other type of prC;
cedure 1s to give various anterior lobe hormone preparations and see whic
of these restores to normal the depressed renal functrons 1n the hypophy
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stance not yet sep d from st It s d that the renotropic actngty
15 mare eastly destroyed than the growth p actwty 1 p d
designed to separate growth hormone

Earle de Bodo et al® reparted even greater falls w clearances after
hypophysectomy than had been found by White Hernbecher and Rolf  and

found that growth hormone f the dep d clear
ances the datly water wntake and the rate of elimmation of 2 water load 1n
hypophy d dogs* although <l values were mot restored

completely to normal They later reported'® that admumsteation of ACTH
or of cortisone or hydrocortisone also raised the depressed clearance values
of hypophy d dogs although not to normal and concluded that the
adrenocartical regression resulting from loss of ACTH 15 one of the factors
responsible for the marked reduction in certain renal functons of hypophy
sectomuzed dogs

‘Why hypophysectomy mth the Ncw York mvestigators resulted 1n so
much greater p n than with us 1s not clear
our anunals were prmed by seral sections to have complete Joss of adeno
hypophysis Their finding of ncreases n function on gning ACTH as
compared with our usual fadure to get such merease may be related to
therr lower levels obtamng before ACTH to the somewhat Jarger doses
employed or to thewr longer penods of admimistration They do not report
on whether DOCA smproves these functions after hypophysectomy

Boss Oshorn and Renzs* found that adrenal cortical extract administra
tion to hypophysectormzed rats did not rasse the lowered PAH clearance
1t had ne effect on GFR 20 or more days after hypophysectomy but pro
duced shight nises before the twentieth day It also increased the rate of
water sodinm and potassium excretian

In a patent with disbetes msiprdus and antentor lobe hypofunction
growth hormone had no sigrsficant effect on mnulin or PAH clearances
while ACTH caused about a 50 per cent 15¢ m wuhin but no significant
change 1n PAH clearance

Very targe doses (400 to 600 mg darly) of ACTH to normal human
subjects rarsed inulin and PAH clearances about 30 per cent while large
doses of cortisone {100 to 200 mg darly) produced no sigmficant change
In cases of Addssons disease pmbab!y significant mcreases in muhn but

not 1n PAH cl were produced by
H)pop'hysccwmy bmught about large falls 1n mulin and PAH clearances
mp i DOCA supp dogs Growth hormone

pmduccd large wereases i inubin and PAH clearances in adrenalectomized
DOCA-supported dogs Only a part of the effect could be accounted for by
the contaminant thyrotropin an isignificant fraction wath one preparation
and about half wnh the other h was concluded that in these dags the drops
m hyp y were not related to Joss of ACTH
zmd that foss of both thy pia and growth h played a part 3*
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were assayed to have thyrotropic activity equivalent to 90 and 15 gamme
respectively of Armours standard thyrotropim It was found that 130
gamma, kg duly of Armour s standard thyrotropin had only a shght or 20
effect on clearances ind none on oxygen consumption 1 3 normat dogs®
This 1s about 50 per cent more than and 9 tumes as much as the thyrotropa
contents of our doses of 3PKR3 and 22KR3 respectively

Contamination with ACTH 1s believed not to be responsible for the
renal effects of our growth hormone preparations Furst the amounls of
ACTH were neghgible there being less than the equivalent of 002 m*
standard ACTH per mg of growth hormone Second, 1 only I of 5 expen
ments on 3 hypophysectomized dogs given rather large doses of ACTH w3
a certain mcrease 1 renal functions seen with a quesllonable ncrease i one
other There was no effect with 1 normal dog In 1 of 3 experiments ot an
adrenalectomized dog however a significant increase was also seet mdicat
1ng that the response when present 1n hypophysectomized dogs need not be
ascribed to adrenocortical stimulation

Difficulties 1n the interpretation that the antenior Jobe principle respon
sible for the above effects 1s growth hormone arose when some additr
growth hormone preparations while active 1n promoting growth had 1o
effect on renal function n normal dogs although stll effective 1n hypoph
sectomized dogs It 1s clear that the hypophysectomized dog 15 2 more
sensitive subject whatever the nature of the active principle

Three possible explanations of the lower renotroptc/growth promoting
ratio of certam growth hormone preparations were considered Furst that
the activity 1s not due to growth hormone but to a renotropically actié
contamunant (not thyrotropm or ACTH) present in larger amount 1m the
more active preparations Second that the low actvfy of the less acte
preparations 1s due to a substance which mhibuts renal effects without 10
hibiting growth effects the mhibstor contaminant being present 1n the less
active and not i the more active preparations Third that the mother
molecule of growth hormone may be differentrally damaged n such a way
that the renotropic actvity 1s imparred while growth promoting activity
ss retamed this change being more marked in the less active batches

In an attempt to get information on the first two possibilities varovs
fractionation products low mn growth promoting actvity and kindly supplied
by Dr A E Wilhelmt were tested No renotroprcally active contammant
was found 1 any of the fractions tested Furthermore none of thest
fractions had an mhibitory effect when added to known renotropically acte
preparations Since no evidence was obtained for either of the fust t%0

tilities of the preceding paragraph the third 1s y accepted

We may SUMMANZeE OUT Views at this stage by stating that a major part
of the depression of certain renal functions after hypophysectomy 1S due
to the loss of some anterior Jobe principle(s) other than gonadotropl;
thyrotropin or ACTH This 15 probably growth hormone or some sU
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theirs while destruction of ptressin formung cells was achered m both
cases

Growth hormone effects on electrolyte excretion may be seferred to
brefly It has already been menttoned that one group has found the
abiuy of hypophysectomized dogs to consenve sodtam on a low salt intake
to be essentially normal * while another grosp has found some 1mpairment @
Growth h g produced transiory retention of sodwm
and chlonide s normat rats and wm adrenalectomuzed rats with or without
adrenocortical extract support Potassium and mtrogen retemtions were
mamtaned throughout the peniods of growth hormone mjecuons Since
these retentions oceurred m adrenatectornized rats st was concluded that
these actions of growth hosmone are not dependent on a release of
d tical b but are probably due to a direct effect of growth
hormone on the penpheral tissues or on the tubular cells 2

On reasonably normal diets dogs reman i sodium balance and show
nermal plasma sodmm levels both with long tasung decreases of glomerutar
filtratton rate 1duced by hypophysectomy and with long lasting increases
mduced by growth hormone admimsiration These findmps show that
essenttally normal tubular adaptations to changes 1 Sltered load of sodum
can sbif ocenr

Vanous workers have shown that growth hormone adnmsiration
creases total body water in normal and hypophysectomwzed sats and m
nomal dops and cats The thiocyanate space n normal and hypophysec
tamuzed yats and plasma volume 11 dogs s mcreased by growth hormane
Total body water (antipynne space) extracellular water (el or thio-
cyanate space) and tatal exchangeable sodwm per Xidogram body weight
O per square meter are higher m acromegalics than in normal human
subjects 3
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There 15 a unammity of opinion among different mvestigators that
hypophysectomy produces large falls sn mulm and PAH or D clearances
and 1n Tm and that a part of this effect 15 due to the resultant depression
of thyroid activity There 1s some difference of opinton as to the relate
importance of the loss of growth hormone and of ACTH All of our growth
hormone preparations have raised oxygen consumption and more wt
believe than can be accounted for by their thyrotropin content How
important a factor s the fall n bolic rate after hypophy andthe
nse with hormone administration 1s not clear Only in the work of Davis
and associates'® has food intake been carefully controlled Smce they ob-
tained changes m clearances with no change n food mntake 1t 15 apparest
that the effects cannot be ascribed merely to changes i1n intake resulung from
lack or admimstration of hormones In an attempt to make 2 statement
acceptable to most workers m the field we believe 1t 1s fair to say that the
falls 1n kidney function observed after hypophysectomy can be explaned
only 1n part by loss of thyrotropin that loss of gonadotropin plays Tnttle of
no part that loss of growth hormone or some substance not yet separated
from 1t plays an mmportant part and that loss of ACTH may play som¢
part less :mportant than that of Joss of growth hormone "

A quite different view has been expressed by Keller and associates »
While there 1s nothing in their work to contradict the view that Joss of
anterior lobe depresses 1nulin and PAH clearances and TmPAH they pre
sent the further concept that complete destruction of the neurohypophysss
(including rather extensive destruction of the ventral tuberal and ventral
anterior hypothalamus) without obvious severe adenchypophyseal mvolve
ment produces comparable effects i addition to diabetes 1nsiprdus They
further report that these depressed renal functions can be restored to norm
by pitocin but not by pitressin admimstration Their evidence that antenof
lobe nvolvement 1s only shight appears convineing It 15 based on the
nature of the operative approach the relatively normal gross and microscopic
appearance of the antenior lobe the relatively shght increase in snsulm
sensittvity and absence of marked sexual regression and adrenal cortical
atrophy

‘These findings were unexpected by us n view of our finding that anteriof
hypothalamic Iesions producing permanent and maximal diabetes msipidus
through complete destruction of the supraoptic and partial destruction of
the paraventricular pathways and nucler resulted 1n only shight and tran
sitory falls 1n renal function which were ascribed to moderate and reversible
damage to the antenior lobe We can only conclude that their lestons pro
duced more extenstve damage in the anterior hy pothalamic areas entical for
amntenance of renal function than did ours In order to reconcile thes
sets of findings on¢ must assume that prtocin forming cells 1 the yentsal
antenor hypothalamus escaped destruction with our lestons and not with
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We have repeated these studtes and have obtamned similar results In the
bone of the untreated ammals there 1s a general distribution of calcism
(Ca**) with no evidence of concentration in the epiphyseal region which
1s the type of picture obtained with very mature bone In the bone auto
radiographs of the ammals which received growth hormone one finds a
very heavy Iine of Ca's uptake in the region of the growing epiphyses and
along the penosteum This would mdicate that new bone salt was being
lad down 1n these areas as mdeed was evident mn the histological sec
tions

The experiment was repeated in young ammals which were hypophysec
toruzed for 3 weeks and then given 12 mg of growth hormone duning the
ensuing 3 weeks From the bones of the mtact normal animals both un
treated and treated with growth hormone autoradiographs demonstrated
heavy lines of Ca** deposition In the area of epiphyseal growth In the bone
of the untreated hypophysectormzed anmal a small amount of Ca** was
observed 1n the epiphyseal region but not nearly as much as was found n
the growing epiphyses of the growth hormone treated ammals From these
expeniments it 1s evident that growth hormone causes restoration not only of
normal cartilage growth but also of the active deposttion of caleium 1n that
regron

We have carned out further expenments of a prelminary nature on the
effects of growth hormone on ammals suffering from severe phosphorus
deficiency and I would like to say just 2 word or two about these They
were carried out with Freehe Van Houhuys Rohl with the cooperation from
the Institute of Experimental Biology University of Californta

Now phosphate 1s as important for the growth of soft tissue as 1s pro
ten When an animal 1s deprived of dietary phosphate that which 1s neces
sary for growth of tissue 1s obtamed from the skeleton through an active
resorption of bone The excess bone calcium s excreted i the unne and the
ammals develop severe osteoporosis In addition they develop advanced
tickets because of the low level of phosphate and the sevenity of the rickets
depends on the degree of growth which 1s obtaned In this experiment we
restricted weanling rats of 3 weeks to a diet which was practically free of
Phosphate 1e it contamed 50 parts per mullion The phosphorus deficient
ammal consumed only about one half as much food as the ordimary controls
50 that 1t was necessary to restrict the pair fed controls to 6 grams per day
of the control diet contaming phosphorus Some growth occurred 1n both
groups but it was very hmited At the end of 4 weeks on the diet the
ammals received growth hormone 10 mg per day intrapentoneally fol
lowing which there was utrogen retention and an increase of weight In the
10 day period of the experiment the weight gain amounted to 6 grams
for the phosphorus deficient ammals and to about 14 grams for the pair
fed controls An accelerated loss of mmeral was observed m the deficient
ammals and when radioactive strontium was mnjected into these animals as 2
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DISCUSSION
Effects of Growth Hormone on Certamn Structures

Designated Discussion

o HarOLD coPP {The Umversity of British Columbia, Faculty of Medt
cme) 1 feel very humble for being called on to open the discussion of these
two excellent papers for I am a novice in the presence of experts and I
came here princpally to hsten and learn 1 shall not presume 10 dhscuss
Dr Whites paper because there are many i the audience who 2r¢ far
better qualified to do so I will confine my remarks therefore to 2 coft
sideration of the effect of growth hormone on the skeleton and pamculsﬂy
on the mmneral of the skeleton

It 1s common knowledge that the adnunistration of growth hormone to
both mtact and hypophysectomized rats will result 1n a positive calcium and
phosphorus balance and 1n an increased mineral content of the sheleto?
Parks and Remhardt m 1942 attempted to demonstrate an effect of growth
hormone and hypophysectomy on the uptake of radroactive strontiuil by
the bones of the rat They were unable to find any significant effect and
this dampened enthusiasm for such studies with radionctive sotope Ut
almost 9 years later The reason 1s I think that at the me the expertment
was carnied out some of the difficulues and problems mherently connecte
with 1sotope studies of bones were not fully understood This work was then
repeated by Ulnch Remhardt and L1 who used radioactnve calcium n
month old male rats which had been hypophysectomized 2 months earhes
and given growth hormone for 3 weeks prior to the injection of the radio
active calcium They were able to demonstrate that the retention of calcum
(Ca*s) i the b of the treated animals was greater than that of lh: C"fﬂa
trol group More sig] fi was their d atron by | of
change 11 the distribution of the newly deposited radioactive calcmm
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tag for calomm which it resembles biologically the skeleton was unable
to retaimn much of the tagged element As a result the amount of strontum
retaned 1n the defictent animals was about one filth of that found 1w the
normal controls The admmstration of growth hormone had na significant
effect st the controf anunals but in thss short penod it appeared to increase
the severity of the nuneral deficsency in the depleted ammals In the x rays
of the bones of these anumals the controt group showed well minerahized
skefetons with very nasrow epiphyseal piates The x rays of the deficient
ammals umtreated with prowth hormone sevealed the wide epiphysent
cartdage charactenstic of nichets and the low mtensuy of the muneral m the
skeleton In the ammals treated wath growth hormone the epiphyseal
castilage 15 considerably wider than m the untreated ansmals This 25 shown
very clearly i the hustological sections n Figure 1 The upper two pictuses
are the bone sections of the normal paw fed controls m which the
epiphy seal cartilage 15 narrow and about that winch you would expect in a
hypophysectomszed smmal There 15 very bitle evidence of growth hormone
effect perhaps 2 suggestive vadening of the epiphyseal plate but 1t 1s nat
very sigmficant In the sections from the phosphorus-deficent ammal not
receiving growth hormone shown in the lower left prcture the epiphyseal
plate 1s wader as you would expect m an amimal developing rickets Follow
mg the admimstration of growth hormone {(lower night) bowever theres a
uemendous growth of cartiage and a furiher increase in the formaton of
uncalafied osteord matsyx sesulting m an eprohyseal plate which wn one
ansmal was almost one malhmeter thick

These experiments suggest two things Firstly that growth hormone can
stimulate cartilage growth even mn the presence of a severe dietary deficiency
From this observation 1t would appear hkely that the effect of growth
hormone 1s primantly on the growth of cartilage and bone proten and that
the 1merease m mumeral content of bone 1s secondary The second pomnt
which I would Uke to rawse 1s that prowth hormone may pqu.de 3 con
vement additional growth stress m the develog of
and as such may prove to have seme auxshary expennmental uses

General Discussion

HANS SELYE I would hike to ask Pr Smmpson two questions Fustly was
there any change the adrena!s ot these prant anumais treated chromceaily
with growth h } Particularly was there
any change s weight? In our expencnc: the adrenal weight dud not
crease i ammals which became quite gigantic under the influence of
enommous doses of STH This 1s not the tune to discuss the manster m
which STH acts on the adrenal We thunk st has an effect without progucing
an actnal ncrease 1 adrenal weight I would Iike to know what her expent
ence was

Secondly what 1s the correlation between the changes she described here




P DEFIC -UNTREATED P DEFIC+GROWTH H
A B
Fig 1 Tibial metaphyses of phosphorus deficient and parr fed control raty

(A) vntreated (B) treated with 1 mg hypophyseal growih hormone per day for
9 days (X 45)
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myection of some muld trrtant such as formahin i deses which normally
would not cause much mfammation

Finally 1 confirmation of Dr Sunpsons worh I might mention some
other observations we have made 1 coliaboration with Dr E Salgado It
will bring out 1ho an addmonat point which has not been mentioned today
and which 15 worth discussing The anmals in Figure 2 are all hypophysew
tomized They hase been shaved to show what the skin looks ke The ant
mal on the far nght 15 untreated while the arumal 10 the middle has been
treated with STH theoughout the expensment The animal became giantic
and note that its jonts espectally the ankie Jomts are much swollen and the
skin )5 extremely tense n comparson to the control animal The same
amount of growth hormone was piven to the ammal on the left but the
harmone whs mterrupted when the two had reached the same weight The
same jomt changes are apparent Y ou can see that «t lost considerable weight
as a result of STH withdrawal at a me when under continued hormone ad
muustration  growth did not continue Now  this so-called  resistance to
chrome growth hormone treatment s 2 well known fact If you give Jarge
doses of STH the growth curve gradually flattens out X think the type of
observation stlustrated by Figure 2 definutely proves thit there 1 no actual

Fw 3
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and those which have been described 1n a paper from the same Iaboratory
by Dr Liand others and which appeared mn Science? This paper presented
some rdiological evidence of ossification m the jomnt region which was
mterpreted as an arthnitis Now, I wonder whether that was just a diference
of interpretation or whether there was a difference i the actual findigs
1 realize that 1t 15 very difficult to make a clear cut distinction between 2
purely inflammatory phenomenon and proliferation of connective tissue The
end result of chronic inflammation 1s a scar which though a manfestation
of infl 10n 15 not itself panied by infl I ells
Nevertheless 1t 1s a reaction to mjury Perhaps the excessive proliferation
of connective tissue 1n regions of local stress, 1 ¢ , Insertion points of tendons
etc might be a type of local reaction to the injury of mechamical trachon
We agree that mnflammation of the jomnts 1s rare after STH treatment (i
the absence of topteal injury) but quite n agreement with Dr Simpson if
this does occur we find 1t only 1n the paw and ankle jomts of the hind Tegs
of ammals chroncally treated with small ascending doses of growth hor
mone We find 1t much more frequently 1 animals given large doses of
growth hormone abruptly or 1n ammals recerving any amount of growth
hormone 1n addition to even mild local stress The latter 15 produced by 20
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mjection of some nuld wrtant such as formaln i doses which normally
would not cause much inflammation

Finally 1 confirmation of Dr Smpsons work 1 might meaton some
other obsenations we have made tn collaboration with Dr E Salgado Nt
will brng out also an addional pont which has not been mentioned todm
and which 15 worth discussing The ammals w Figure 2 are all hypophysec
tomized They have been shaved to show what the shin looks hike The am
mat on the far right 1 untreated while the ammal m the mddle has been
treated with STH throughout the expensment The amimal became gigantn
and note that its joints espectally the ankle yomnts are much swolien and the
skin s extremely tense m companson to the control ummal The same
amount of growth hormone was given 0 the anmal on the left but the
hormone was mterrupted when the two had reached the same weicht The
same jomt changes are apparent You can see that i lost conssderable weight
as a result of STH withdranal at a ime when under continued hormone ad
munstration yrowth did not contnue Now  this so-called resistance to
chromie growth hormone trestment 1s a well Anown {act ¥ you give large
doses of STH the growth cunve gradually Nattens out 1 thiik the type of
observation tlustrated by Figure 2 defimtely proves that there 1s no actual
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reststance to the hormone 1tself since 1t can mamtain an abnormally laree
body werght If the hormone 1s now interrupted the ammal still shows the
lack of 1t so the hormone still has some effect

In Figure 3 1s shown the result of an expertment which 1s pertinent to Dr
Sumpson s findmgs of the changes mduced in joints by growth hormone The
amimals are held 1n exactly the same position and both are deeply anes
thetized Just as Dr Simpson said the hypophysectomized control on the
bottom has a flexible spine and accordingly bends when extended while the
hypophysectomized and growth hormone treated animal has a spme so much
mvolved 1n whatever you call the lesion that 1t remamns nigid when similatly
extended

MIRIAM SIMPSON  In regard to the first question there was no increase It
the size of the adrenals Now as to the comparison of our work with that of
Reinhardt and L1 it 1s very mteresting that our major findings were 1n the
hypophysectomized anmmals I described only those changes which occurred
chronically while they were concerned with changes which developed
rather quickly It 1s mteresting that in their gonadectomized and adrenales
tomized animals they observed the lesions which we had seen i our by
pophysectomized animals This suggests that a hormonal mmbalance 15 ¢¢f
tainly part of the picture We cannot say what earlier changes took place n
our ammals There was nothing which simulated rheumatism or theumatord
arthnitis and we saw only an occastonal mnflamed ankle jomt No cellular
infiltration into the connective tissue about the joints was noted but there
was an increased density as a result of a transformation of fat tissue 0
connective tissue

CHARLES DENKO (University of Chicago) We have studied the effect of
growth hormone on cartilage using radioactive sulfur as a tracer We ha¥é
noted that hypophysectomy causes a decrease in the uptake of radwoacti¥®
sulfur which we interpret to mean a d 1n the synthesis of chondrotin
sulphate We have observed that growth hormone causes 2 3 to 4 fold 10
crease 1n the uptake of sulfur indicating erther a greater synthes:s of chont
droitin sulphate or an increase 1n the mass of cartilage

KARL PASCHKIS When Dr Simpson presented the admurable compansoft
between the findings m growth hormone treated rats and those in acromé
galics I planned to ask if she had ever seen osteoporosts in the rats

would Iike to put the word osteoporosis i quotes This 1s a change fré
quently though not regularly seen in acromegalic skeletons After Dr Copp
prcscmcd his paper Twould have directed the question to him as well Docs
Dr Copp think that the extreme conditions under which his rats opeu\ltd
had anything tn common with nutritional conditions 1n humans? It seem$
unlikely to me If that is not the case 1t would sull leave the question opefl
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as to why the rarefaction of the skeleton ss such a common fading sa human
acromegaly since it is not found in the growth hormone treated rats

MARGARET BEs~AR (Unnersity of Ottawa) I would ike to refer back to 2
plate of Dr Selyes I think the first one which he showed was a picture of
the heart amongst other orgins which was secy much enlarged This pic
ture was taken of an ammal which had recened DOCA  but he sard the
same results could be obtuned with STH or with LAP Now we have fol
lowed the weight werease of the heart which results from expenmentalty
produced nortic stenosts in male ris of from 150 to 200 grams Inergased
cardiag weights developed 1n otherwise normal rats whale the sume degree of
aortie stenosts caused no weight werease w the hearts of hypophysecta
muzed rats In repard to the hormonal replacements tn our hypophysecto
mized animals we have used rather large doses of LAP and same growth
af Atmour Lat 1es Each rat recened from 25 to 50 mg
per day for 5 days With some preparations of STH we could obtain in the
hypophysectomized rats the same cardiac weight inerease as occurred i the
normal rats white with other preparations we found no change This may be
pertinent to Dr Whate s first remark in the sense that we have growth hor
mone preparations wath stmdar effects m the growth test but have quite dif
ferent effects m our study Now with these Jarge doses n the hypophysec
tormzed rats 1 did not observe hearts which were larger than m the
ding normals If an add ! stram hke 2ortic narrowmg was put
to the henn however then the same dose level of the hormone would result
1n very large heasts
I would hike to know whether Ds Selye has observed farge mereases m
cardiac wesghts either m hus hypophy d anmals g STH or
LAP or m his normal rats 1€ normal i the sense that there had been no
untfateral nephrectomy and that sadim chiorde was not used as dunkng
water” If so what doses of STH were used and for how Jong was the hor
mone admmnsstered?

HaNS SELYE We have not d any cardiac ent with LAP or
STH beyond that which was proportionate to the snerease m body weight

unless the ammals had been specally smsmzed by the high sodum chloride
diet By um or p bly by both { fufly agree that
some stress sitwation must exist as im your expenments where the hy

pertrophy was due to mereased work agasmst aortic stenons Some condr

tomng factor must be present and m our expenments the umdlateral
nephrectamy was sesponsible

MARGARET BIS\Ah With the same dose level”

HANS SELYF Yes with the same level of hormone

b
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Importance of the Nutritional State for the
Biological Funchon of Growth Hormone

EW McHenry

Department of Public Health Nutrition University of Toronto

‘The nutritional state of an indmvadual 1s the result of the ratio of absorbed
Rutnients to the requirements of the indrvidual The amount of a nutnent
absorbed depends upon the quantty ingested and upon the efficiency of
di estion and of absorption The of a given individual can be
vaned by metabolic changes induced by hormones by activity, or indeed
by the amount of a nutrient which has been absorbed To cite one example
of the last factor requirement for vitamun Bg vanies directly with absorbed
Pprotein Since only approvimate methods are available for the estimation of
nutritional state  descriptions of 1t i experimental work on ammals are
hmted generally to observations on changes 1n appearance m body weight
Or In some particular metabolite Descriptions of nutntional state of human
subjects are fy q voluble but ) Ths d will be

Testricted to the effects of ngested food on the biological actwvity of growth
0rmone

Calornie Intake

1t 15 assumed generally that the First Law of Thermodynamucs 1s valid
for biological systems For ths reason the werght gam produced by growth
ormone must result from either an mcreased mtake or a decreased ca
1abolism or more efficient energy production An effect of calorie mntake on
Tesponse to growth hormone mught be expected However 1t 15 clear that
Bowth hormone can produce effects without alterations n calone intake
and mdeed 1n the absence of food ingestton As early as 1934 Lee and
Schaflert recognized that the effect of growth hormone on bodv weight
might be dye to creased consumption of food and they used 1socalorc
ff’d""g Rats treated with growth hormone showed a better appefite than

197






ENERGY SOURCES 199

preater efhiciency of food utdization wnd that the extra weight gamn offered
a good method for testing the nutntine value of a diet

In a separate study Deuel and associates® found that growth hormane
caused no weight merease wn fat deficient ntmals and that the hormone did
not te the defi of 1 Satty saids The only observation
made regarding an effect of growth hormone was in relation to body weight
which did not change ¥t is possible that biochemical studies would have
shown mcreased mitrogen retentton even i the fat deficsent animals
Recovery of the antmals was expedited by giving growth hormone am con
Junction with hnolewc acsd

Vitamns

In 1937 Marguay Becht and Wallner'* gave a crude piturtary extract to
rats 1 whnch body weight had been plateaved by a lach of vitamun A the
extract did not cause an mcrease m weight Eight years later a similar lack
of response sn vitamin A deficient rats was teported by Ershoff and Deuel 18
However the growth hormone tnjections caused a marked precipitation of
vitamun A deficiency symptoms and sncreased mortaltty Ershoff and Devel
8id not report data on food consumption and 1t is reasonable to assume that
the deficent rats had g definttely subnormal mtake

An mteresting approach 1o the interrelation of growth hormone to
vitamans was yade by Beher and Gaebler’® who studied blood vitamm
levels several tissue enzymes and excretion products m adult bitches Ad
mmstration of growth hormone caused a marked decrease in the unnary
cutprt of N methyl micotigamude but there was no increase sn esther
coenzyme I or 11 m red blood celis Parpllel studies with testosterone
showed decreased outputs of mboflavin and of ascerbic acid It was sug
gested that induced gasns 1n body werght increased vitarmun requitements

Lotspeicht? gave growth hormone to two groups of rats one fed a low
ft diet and the other a hugh far digt and the body weight had been
Plateayed by deprvation of pantothenie acid In both groups the hormone
¢aused defimie gaims m weight but appeared to aggravate the external signs
of pantothere a¢id deficiency Since there was not used a pon hormone
treated group similanly lackng the vitamun 1t 1 difficult 10 decide whether
there was an actual acceleration of vitanua deficiency

In our laboratory several studies’® ¥ on the possible mierrelation of
growth hormone and B vitamuns have been carsied out Imtially we were
partrevlarly interested mn the effects of vitamun Be-depuvation because of
the generally assumed relation of fhis vitanun to ammo acid metabohsm
Our stuthes on vitammn B have shown that dietary ack of this vitarun
C2uses 1ats 1o unduly uthze body stores of fat and to lessen the retention
of amuno ackds The ablty o mamtain body protem and wmdeed to
synthesize new proten 1s not pared  As n all exper Ny induced
Wtssonal defictencies there 15 a loss of appette which markedly reduces
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did controls in that the supply of food, equal to that used by the controls
was consumed more quickly Despite the food restriction, hormone trested
rats gamed more weight than did the parr fed controls Stmilar results stre
obtained by Marx et al * using hypophysectomized rats with pair feeding
Restriction of food intake to the non hormone, post operative lesel madt
possible a response to growth hormone 1n a study reported by Bennett ard
associates 3 In 1940 Harnson and Long* found that growth hormone caused
a significant decrease 1n protemn loss n fasted rats but did not dmmnsh &
loss 1 body fat Somewhat analagous effects have been observed severd
other laboratories #7 A defimite effect of growth hormone 1n rats recowr
ing from 1namtion was seen by Quimby, Bartlett and Artress ®

Wiile 1t 1s clear that biochemical effects of growth hormone cat b
demonstrated 1n fasting, rats and 1n those with restricted food intake the
magnitude of response 1s related to the calorte intake Consersely, 8 d¢
crease 1n food intake means that a smaller quantity will be available for
retention and for mcrease 1 body weight This relation of calore mizk® 10
growth hormone response will be referred to 1n connectton wath effects of
nutrient deficiencies

Dietary Protemn

Gordon et al®° mantamed plateaued female rats on a 6 per cent caséit
diet growth hormone mjections caused nitrogen retention but no define
gam n weight If this diet was supplemented with methionine 2 smilar dose
of growth hormone caused gain 1n weight The same authors®® tested \h;
response of growth hormone i respect to 5 proportions of protein an
found optimal effects on mitrogen retentron and on body weight whea 1b¢
diet contamed 24 per cent casein It should be noted that the test ammi\§S
were plateaued female rats and that ssocaloric feeding was employed 1
1s mteresting that the optumal ratio of dietary protein on the basis of grow
hormone response 1s roughly equal to the ratio which has been assumed for
years to be optimal for the growth of young normal rats od

The quality of dietary protemn was studied by Chow and Greep who fd
a protein free diet and 4 diets each containing different proteins After & i
mumstration of growth hormone differences 1 body weight were obsent
and these were attnibuted to the varous protems Data on food consumption
were recorded and these showed that there was a rough agreement betwecn
gun m body weight and dietary intake Consequently 1t 1s not possibie ©
decide on this evidence whether variation in the kind of ammno actd mtake
alters the response to growth hormone

Dretary Fat

The response to growth hormone with diets contaning vanious types of
fat was studied by Deuel et 11! and no differences were noted In d‘sd
cussing the results the authors pointed out that growth hormone produ ©
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by more efficient energy production to meet current needs or by decreased
energy expend Hypophy d fly reduces food consump
ton and the adminsstration of growth hormone mmproves appetite and
wnereases food consumption The sesultant gain in body weight s thus
augmented Even In wntact rats growth hormone has at Jeast a muld effect on
appetite However the effect is proportionately smalf and ats nufificatron
by ssocalone feedng s not sufficiently drastic as Lee and Schaffert demon
strated to prevent growth h from slightly body werght
Under such circumstances the weight mcrease 1s clear proof that growth
hormone prod: brach HE i the ammal which esther de
crease energy expenditure or which merease the efficiency of energy pro
duction Nevertheless an wncrease 10 body weight can be prevented by 2
senous restriction e calonie mtake despue the fundamental metabolic

effect of growth hormane The magnitude of resp d 1 werght
gan 15 related to the calone mtake If weght change 1s the only ertenon
used to d growth & P observations should be
mterpreted 1 the hght of of food ption The con

clustons of Chow and Greep™ on the effects of several kinds of dwetacy
prater are thus open 1 question

A deficiency of almost any nutrient c2uses & decrease 1n appetute and 1n
food D Freg the 1n food use ts so marked that
the antmat 15 suffenng not only a deficiency of the omutted nutment but
5o 2 matked amount of mangion Such an anunal could hardly be ex
pected ta show an tacrease in body weight after growth hormone admuns
tration 1f the conteol 1s fed ad hibuwum 1 will show a weight response The
conelusion could then be drawn that the deficiency of the omutted swutnient
bis prevented the biolomeal action of growth hormane If the appetute
effect of the autrient deficiency has been marked growth hommone vall not
cause a weight mcrease i a paw fed control because of the drastic reduc
tion m calone intal.e of the control 1o the level of the deficient ammmal This
was found by us 1 studses on vitamin B,

Even under 3 of sexerely d food intake or wndeed
fasted arumals brofogical actty of geowth hormone can be demonstrated
1 biochemucal observations are made on the tssues of the treated ammat
I biochemical alteratrons are used as entena of grawth hormone actwvity
our conclustons separding the relatson of nutriton to such activity may be
Gt dufferent If we re examine the extsting evidence on this baws we find
that growth hormane can function 1f the food ttake s drastically restsicted
A caorses or deficiens 1 protein sn thuamine of 1 vitamun By Tt 15 doubt
Tl whether rowth hormone can produce metabolic changes w rats deficient
npantothensc acid 1t 1s clear howener that growth horrmane can be shown
 function not only s fastug snswtals but in those acutely deficient m one
of several provided that bioch crtena are used The gen
ttal eonclustons of Ershoff are thus, hardly valid
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food intake Injectrons of growth hormone did not cause a weight merese
i the deprived rats and possible interpretation of this fadure will be ds-
cussed presently Growth hormone did not alter the proportions of proteis,
fat and water n the tissucs of either deprived or control ammals The
acrodyma which 1s charactenstic for vitamun Bg deprived rats was 2
centuated by growth hormone A typical biochemical finding in vitamn
Bs deficient rats 1s an elevated fasting blood urea This was further mereased
by growth hormone It 1s interesting that growth hormone caused a reduc
tion 1n the quantity of vit ymin Bg i the lver

The effects of growth hormone have been studied 1n deficiencies of three
other B vitamuns (thramme niboflavin and pantothenic acid) In rats de
prived of erther mboflavin or pantothemic acid growth hormone dd aot
cause an increase 1n body weight but did do so m thiamne deficient 2%
mals An mncrease in nutrogen retention was produced by growth hormon
1 rats deprived of niboflavin and im the thiammne deficient ammals but flot
m those lacking pantothenic acid In all of these three deficient states
growth hormone brought about a reduction 1n fasting blood urea 21 effect
opposite to that seen 1n vitamin B, defictency

Discussion

In a fauly recent review on the mterrelation of nutnition and anteriof
pituttary function Ershoff © made the following statement Constderable
data are available indicating that the functions of the anterior pitmtary 3“1
the target organs of 1ts secretions are largely dependent on the nutnitiosd
state and the composition of the diet fed Somatotropin will not
promote a weight increment 1n ammals that are nutntionally deficient
It 15 interesting to consider these statements in the light of the eviden®®
which has been summarized in the present paper

There are reports from at least five laboratories that growth hoxmoﬂz
will cause mitrogen retention n fasting rats and i those for which fooh
mtake has been somewhat curtaled It could be concluded that growt
hormone can function even in the absence of dretary calories Surely fast
ing rats or even those with restricted food intake could be described 35
bemng nutritonally deficient and on the basis of Ershofis conclusiot
should not respond to growth hormone ¢

One of the reasons for conflict of opmion regarding the relationt ©
nutrition to growth hormone response 1s the choice of criterna used t0
determine the response In a number of published reports the criteron h::
been an increase n body weight It has been pomnted out that body wem]
can increase whether we call it body weight increase or growth U“z
\f there 1s a surplus of food after the current energy expenditure of th
ammal has been pard That 1s the meaning of the First Law of Thcﬂ“;"
dynamics when applied to animal bodies The surplus to be used for boo{
weight 1r can be d by an 1 of food
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One other aspect of the effect of nutnitional deficiencies can be further
considered It has been reported that growth hormone aggravates defictency
of vitamm A' of pantothemc acid ' and of vitamun Bg!® Because of
famihanty with the findings I shall consider the last named deficency
Dietary deprivation of vitamin Be causes a reduction n food mtake and
catabolism of depot stores of fat A somewhat greater proportion of
mngested ammo acids are catabolized than in the control ammal It has been
shown in a number of laboratones that growth hormone causes the anmal
to burn an mcreased amount of fat and 1t has been suggested that this
crensed burning of fat makes possible the improved retention of proteit
At any rate this effect of growth hormone on fat cataboltsm whether it be
primary or secondary 1s 1n the same direction as the effect of vitamin By
deficiency This may be the explanation of the aggravation of vitamm B
deficrency and could apply also to a deficiency of any of the B vitamus
all of which smularly affect fat utthzation Vitamin A deficiency also mduces
1 decrease m the amount of body fat ! and the same explanation micht
here agan be vald An alternative explanation 15 that growth hormon®
increases the load on enzyme systems for which the various vitams ar®
needed as co enzymes Evidence 1s not available to make possible & correct
choice of explanation

References

Leec M O and N K Schaffer J Nutriton 7 337 (1934) ]
Marx W Simpson M E Remhardt W O and H M Evans Am
Physiol 135 614 (1941-2) J
Bennett L L L1 C H and B Laundne Proc Soc Exp Biol Me
68 94 (1948)
Harrison H C and C N H Long Endocrinology 26 971 (1940)
Whitney J E Bennett L L L1t C H and H M Evans Proc Soc EvP
Biol Med 69 118 (1948)
Szego C M and A White Endocrinology 44 150 (1949)
Milman A E andJ A Russell Endocrmology 47 114 (1950) ”
Quimby F H Bartlett R G andJ L Artress Am J Physiol 1665
(1851)
Gordon G S Bennett 1 L L+ C H and H M Evans Proc Soc EV
Biol Med 65317 (1947)
10 Gordon G S Bennett L L Li C H wnd H M Evans Endocrinolo®
42 153 (1948)
{1 Chow B F andR O Greep Proc Soc Fxp Biol Med 69191 (19““1
12 Dewel H J Jr Henduck C and M E Crockett J Nutrition 31 3
(1946)
13 Devel J H Jr Greenberg S M Calbert C E Savage E E and
T Fukut J Nutrion 40 351 (1950) 9
14 Margtay Becht E and E Wallner Zeuschrift Vitamunforsch 611
37
15 Ers;!ogﬂ l; H and H ¥ Deuel Ir Endocrinology 36 280 (1945)
16 Beher W T and O H Gaebler J Nutrition 41 447 (1950)
17 Lotspech W D Proc Soc Exp Biol Med 73 85 (1950)

W LA W N

[



ENERGY SOURCLS

203
18 Beare J Beaton J R Smith F and E W McHenry Endocrinology
52396 (1953)
19 Beare J L Bewon J R and E W McHenry Endocrinology 55 40
(1954)

20 Ershoff B H ¥ yanuns and Mormones Vol X New York Academmc
Press Inc 1952 79

21 Patterson J M McHenry E W and W A Crandall Biochem J 36792
(1942)



12

Growth Hormone and Nitrogen Retention

Paul D Bartlett
Edsel B Ford Institute for Medical Research Henry Ford Hospital Detrot

The mechamsm by which a rapidly growmng immature organisi retains
nitrogen and accumulates body proten has intnigued myestigators 10 the
field of proten metabolsm for many years and still remains one of the
most chall g problems in bioch 1 research My own imterest
mitrogen retentton and growth dates back to about 1938 when as 2 graduat¢
student under the stumulating direction of O H Gaebler, [ had the op-
portunity of studyng the effects of anterior pituitary preparations and
1odine on mitrogen excretion creatnuria, and basal metabolism 1 the
adult female dog * As I look back on this experence and on the obsen?
tions which we made there stands out most vivdly m my mind the pro-
found effect of growth hormone on the overall mitrogen metabolism Here
indeed was an expenimental procedure which seemed made to ordef for
the study of the mechanism of mitrogen storage and growth processes Witk
growth hormone one could turn on so to speak, a perod of mtroges
storage in the adult ammal and could bring about nitrogen retentio
resumption of growth processes n the immature, hypoph)scctomlztd rat
As1s 5o often the case however the suggestion and prosecution of 1deas ar
widely separated and not until several years later did I have the oppot
tumity to return to Dr Gaebler s laboratory in the Edsel B Ford Institute
for Medical Research and resume work on the mechamsm of miroge?
storage induced with growth hormone

The subject Growth Hormone and Nitrogen Retention assigned ©0
me by the sympostum commuttee 1s one of considerable magnitude nﬂ’
one which has been extensively reviewed by L1 and Evans ? by Russ!
and more recently by Gacebler ¢ Because of this and the fact that several
aspects of the nitrogen retention problem are to be considered by othet
icipants on this symposium I have taken the liberty of confimng my
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subject matter to studies from our own laboratories on the kinetics of the
process I refer sp lly to the ch ization of mitrogen storage
mduced 1n the adult dog with growth hormone 11 terms of rates of protein
synthesss, amuno acxd catabolism and protem degradation

1 should like to first briefly review the protocol and results of some of
our eather studies® mn which the kmetics of ammo acid and protem
metabolism were evaluated In general two types of experiments were con
ducted on each of three adult female dogs In one experrment the anmmal
was maintamned 1 mitrogen balance on a constant dretary intake and mn
the other expeniment mitrogen retention was mnduced m this antmal by the
subcotaneous admimstration of small daily doses of antenor piturtary
growth hormone At the desired time duning the expertment 1n which the
anmal was 1n nitrogen balance and on the fourth day of the mitrogen
storage experiment the diet was supplemented with 32 5 atom per cent
excess N*? labeled glycine tn doses of 10 mg per kg of body weight Col
lections of unine were then made at 3 6 9 12 24 and 48 hours after
administration of the labeled ammo acid Total urinary mitrogen excretion
and the N enrichment of the total uninary mitrogen were determmed 1n
each collection and from such data rates of protemn synthesis and size of
the mitrogen pool wese evaluated by the 1cal of Sp
and Ruttenberg ¢ and rates of amuno acid bolism by the h !
treatment of Hobermanp 7

Table |

RATE OF PROTEIN SYNTHESIS AMINO ACID CATABOLISM AND SIZE
OF THE NITROGEN POOL

Dog 44
N Balance N Storage*
Weight Gam (kg ) None 023
Nitrogen Stored (g ) —028 1006
Rate of Protein Synthesis
(g N/kg Body Wt /24 br) 049 086

Fraction of Ammo Acid N
Catabolized and Excreted

(% /hr ) 385 126
Swze of Nutrogen Pool
(g N/kg Body Werght) 089 130

* N storage mduced with § mg growth hormone per day
for five days

Results of studies on Dog 44 are summarized 1n Table 1 Dunng the
Ssperument m which mtrogen storage was induced with growth hormone
both the rate of protein synthesis and the size of the mtrogen pool were
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increased while the rate of amimno acid catabolism expressed 1n tems of
the percentage of ammo «cid mitrogen catabolized and excreted per hour
was markedly reduced These results were confirmed m Dogs 52 and 55¢

Now 1n the kinetic analysis of p as plex as amno zcd and
protein metabolism, certain simplifying assumptions and approximations
must be made to permit mathematical treatment of the postulated metabele
sequence Oversimplification mught thus be expected i the fiest analyss
and as has been recently demonstrated 8 such was clearly the case m the
assumption made by Sprinson and Rittenberg ¢ that the rate of excreton
of N5 1n the total urinary mitrogen could be used as a measure of the rate
of protemn synthess and the size of the mtrogen pool In the further analyis
of this aspect of amino acid kinetics and protein metabolism m the human
San Pretro and Rittenberg? have shown that the rate of excretion of uea s
a rate determining step Values for the size of the mitrogen pool (cat
culated from equations which took into consideration the sze of the
urea pool the rate of clearanice of urea from its pool and the tume 2

o24r DOG 44

N STORAGE EXPERIMENT

_Sur014T at T:0

Cy= 0 107 et Ts0

ATOM *, EXCESS N!5 IN BLOOD UREA NITROGEN

O 08
N BALANCE EXPERIMENT
0 06
00— — 4,
0 20 40 60 80 100 120

TIME — MINUTES

Fig 1 Effects of growth hormone on the N3 concentration of blood nred [litd
gen of labeled urea
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which 1sotope concentrition of the urer pool reached a maumum)
were found to be more 1n accord with the total free amino acid nitrogen
content of the human Rates of protem synthesis were found 10 be some
what higher than previously reported #2 In view of these developments in
the treatment of the kinetics of ammo ncid and protein metabohism 1t
seemed highly desirable to agamn determine the size of the mtrogen pool
and the rate of protemn synthesis m the same senes of dogs used 1n the
earhier studies © In this respect the results of our most recent mvestigations
are now to be presented We have determined the effects of growth hormone
on the size of the urea pool in Dogs 44 52 and 55 and have completely
evaluated once more the size of the mtrogen pool and the rate of protein
synthesss m Dog 44 dunng typical mitrogen balance and mitrogen storage
experiments
In measurements of the size of the urea pool a trace dose of N3

labeled urea 1s admumistered intravenously and the extent of dilution of the
labeled urea m the blood determuned as descnibed by San Pietro and
Ruttenberg ® In Figure 1 are presented typical data 1n plot form on the N!

ennchment of the blood urea mitrogen versus time of withdrawal of the
specimen durning the nitrogen balance expennment and dunng the expeniment
m which mtrogen storage was induced with growth hormone Extrapolation
of the linear portion of the curve to zero time (indicated by the broken
line) gives a value €, which 1s taken as the N'5 enrichment of the blood
vrea nitrogen corresponding to instantancous dilution It will be noted that

Table 2

EFFECTS OF GROWTH HORMONE ON BLOOD UREA
NITROGEN AND SIZL OF THE UREA POOL

Dog Blood Urea St e of
Number Nitrogen Urea Pool
Nutrogen Balance

mg & &N
44 1380 128
52 996 079
55 280 110

Nutrogen Storage

44 1020 092
52 586 050
55 602 078

* Nitrogen storage induced i afl ammals with
5 mg growth hormone per day for a penod of 4
days and the size of the urea pool determimed on
the 4th day
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the N5 enrichment of the blood urea mitrogen of this ammal 1s hugher dunng
the mitrogen retention experiment than dunng the expenment n which the
amimal was mamtamed m mitrogen balance This indicates that the trce
dose of NS labeled urea enters and mixes with a pool of unlabeled urta
which 1s relatively smaller during the nitrogen storage expeniment Thest
results were confirmed 1n two other anmmals used 1n the series From N°
ennichment values of blood urea mitrogen at zero time and from the numbet
of miliequivalents of N5 introduced into the urea pool at zero time the
size of the urea pool 1s calculated by the usual 1sotope dilution procedures
In Table 2 are summarized these data for the three dogs It will be noted
that the size of the urea pool 1s substantially reduced dunng mirogen
storage as 1s blood urea nitrogen 1©

Results of a detailed study on the rate of utrlization of the nitrogen of
N5 labeled glycmne are presented in Table 3

Table 3

]
EFFECTS OF GROWTH HORMONE ON THE RATE OF UTILIZATION OF GLYCINE NITROCE
BY THE ADULT DOG

i

Urea Nitrogen N'3 Concentration  Per Cent N Admumnustert

Time Excreted Urea Ammonia  Excreted as Urea Nitrog?

Dog 44 Nitrogen Balance
Jative
Atom % Atom b Per Cumul

Days me Excess Excess Cent PerCent
0o oo 58 0056 3055 023 %
0022-0 065 179 0153 0577 192 36
0065-0091 151 0140 0158 148 3
0091-0 151 516 0107 0060 388 4
0151-0 193 433 0078 0046 237 S8
0193-0245 579 0067 0037 272 15 7
0245-0 309 717 0054 0031 272 14 "
0309-0 943 2650 0049 0036 912 2‘ »

0943-2 000 5425 0018 0016 685 3
Dog 44 Nutrogen Storage*
0 -0026 64 0040 no data 018 gg
0026-0 044 51 0075 0742 027 161
0044-0085 176 0094 0352 116 1o
0085-0157 454 0078 0127 248 4
0157-0236 589 0065 0055 270 M
0236-0330 716 0049 0035 246 o
0330-0955 2660 0041 0030 766 %
0955-1945 3535 0018 0018 447 2

* Nitrogen storage_induced with 5 mg growth hormone per day for 5 days

N*3 labeled glycine on 4th day of h

It can readily be seen that both the quantity of urea excreted and the pef
centage of d N as urea are reduced dunté
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mtrogen storage nduced with growth hormone N5 ennchment of wrea
nirogen reaches a maximum between 0022 — 0065 days mn the nitrogen
balance expenment, and 0 044 — 0 085 davs 1n the mtrogen storage expen
ment

In connection with the amount of N! 1n urinary ammonia two observa
tions seem of anterest In both mitrogen balance and mitrogen storage ex
perments the N** enrichment of this fraction was found to be higher than
that for urea during the first few hours following, admimstration of the
labeled glycme This 1s as one would expect since the size of the glutamne
pool from which uninary ammoma 1s denved 1s refauvely small compared
with the size of the urea pool The second observation which seems of
greater mtetest because 1t may mdicate changes in the size of the glutamine
pool and thus reflect changes i glutamme metabolism or ammno acid
metabolism s concerned with the relative N enuchment of unnary
ammomnia dunng the mitrogen balance and mitrogen storage experiments
In the present study the N! content of unnary ammons excreted dor
ing the first few hours following aduinistration of labeled glycine 1s higher
during mitrogen storage than during mitrogen balance This suggests that
the freshly formed glutanmune labeled with NS in the anude group enters
and mixes with a pool of unlabeled gl which 1s rel y smaller
duning mitrogen storage than dunng mtrogen balance In confitmation of
eatlier studies * both the rate of proten synthesis and the size of the mtrogen
pool evatuated as described by San Pietro and Ruttenberg ¢ were found to
be Tugher durng mitrogen storage mduced with growth hormone than
during nutrogen balance These data are summanzed i Table 4

Table 4

EFFECTS OF GROWTH HORMONE ON THE RATE OF PROTEIN
SYNTHFSIS AND THE SIZE OF THF NITROGEN POOL

Dog 44
N Balance N Storage*

Rate of Protein Synthesis

(g N/kg Body Wt /24 hr) 165 300
Swze of the Nitrogen Pool

{mg Nrkg Body Wt) kAl 897
Size of 1be Nitrogen Poo)

(2 N/Total Dog) 0346 140

* See footnote 1o Table 3

In an effort to obtam as complete a picture as possible of the kmeucs
of the alterations which growth hormone produces m mitrogen metabohsm
ol the adult dog we have also determmned rates of proten degradation and
Pprotein loss 3t The procedure wich was followed and treatment of data
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were essentially the sime as described by Hoberman! In general the
animals were mamtained on a constant mtake of stock diet and as soon 25
daily measurements of body weight were constant and determuations of
24 hour urnnary total mtrogen idicated that the ammal was in mtroges
balance a period of fasting was begun and continued for 6 days N'* labeled
glycine was administered intravenously at the beginming of the second dav
of the fast and the excretion of the N label was determined in the vrinary
mitrogen for each day durmng the subsequent § day penod In the evper-
ments concerned with measuring the effects of growth hormone on rates o
protein degradation and protein loss the hormone was admimistered sub
cutaneously for a period of 5§ days beginming with the second day of the
fast Rates of protein degradation and protein loss were caleulated for the
period between the fifth and sixth days of the fast corresponding to the
fourth and fifth days of hormonal stimulation In general the percentar of
administered N' excreted 1n the total urinary mitrogen was reduced during
the second third fourth and fifth days of hormonal stimulation  This
observation seems all the more strshing since the decrease occurred during
the period when protemn stores in the fasting arumal were probably being
mobilized to supply carbohydrate and to meet the calonic and geners]
metabolic requirements The average rate of protein degradatron for the
three dogs was found to be 6 97 (=0 17) X 10-3 per hour and the aver
age rate of protem loss 303 (=0 70) X 10—3 per hour during fasting
expenments Stimulation of the same amimals with 5 mg of growth hormot¢
per day for a period of 5 days reduced the average rate of protem degrada
tion to 6 07 (0 41) X 10~ per hour and the average rate of proteit loss
t0227 (=0 57) X 103 per hour Statistical analysts of these data by the
methods of Fisher’® for small samples mndicates that although the rates
were reduced the diff were not at the P level of 00!
Since however a P value between 002 and 005 was obtamed i the
statistical analysts of the rate of protein degradation data 1t might well be
that simular data from a larger series of antmals would produce a sigmificant
alteration

In view of the theoretical nature of the data on kinetics of anuno aod
and protemn metabolism I should like to summanze brefly some results of
closely related studies on the adult dog which have been obtamed by more
conventional procedures In respect to the rates of ammo acid catabolism
and the size of the mitrogen pool the effects of growth hormone on plasm?
glutamine and total free amino acids'* seem of special interest In this study
a sharp drop 11 glutamune amide mitrogen of plasma was observed m the
first 24 hour périod rmmediately following the subcutaneous administration
of a 200 mg dose of growth hormone The carboxyl nitrogen of total fre¢
amuno acids i plasma mereased reaching a maximal value duning the s¢¢
ond 24 hour period following hormonal stumulation  One may considet
these findings as being 1 agreement with the above mentioned observalions
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of a reduction n the rate of amino acid catabolism dunng mitrogen storage
mduced with growth hormone The alteration in the level of free amino
acids 1n plasma ts m agreement with the ncrease found m the size of the
metabohc pool of mtrogen measured with the 1sotope technique Smce the
fatter observations were made dunng a penod of mitrogen retention with an
elevated rate of protem synthesis we ate wchined ta favar the view that the
decrease 1n the rate of amino acid catabolism s a primary effect of growth
hormone and not a dary effect resulting from an d pora-
tion of aruno acds 1nto protewns

In connection with some of the earlier N' Jametic stuties S we also
snvestigated the effects of growth hormone on the concentration of plasma
protemn and the uptake of N5 m the pnmary fractions separated from
plasma by method 10 of Cohn and associates The mduction of mtrogen
storage 1 the adult dog with growth hormone resulted m higher plasma
protemn conmventrations m both the globulin nch F-I+4-11 § 1T and the
albumn nch F ~ IV 4 V fractions Fvaluation of Nt3-uptake data 1n terms
of speasfic activities expressed as per cent of fed N$ per gram of protem
mtrogen indicated that the N'® was inorporated mto both the albumm och
and glabulin nich fractions more rapidly dunng mtrogen storage than duning
nitrogen balance '3 Thus alterations in plasma protens are 1 agreement
with the observation of an mcreased rate of protem synthesis m the adult
dog durmg imnduction of mtrogen storage with growth hommone

Inaddinon to these studies 1 should also indicate that we have caleulated
the mtrogen content of total free amno acids of an ammal 1 mtrogen
talance and found this value to be m excellent agreement with the size
of the nutrogen poot determined from N8 excretion data Thus for example
assuming that the concentration of free amino acids 1 total body water 15
the same 25 that 1n blood we have calculated the mirogen content of total
free amino acids 1 this ammal to be 0 40 g or approxmately 25 mg per
kg of bady weight This was denved from an expenmentaifs determined
Tevel of free amino acid mtrogen m plasma which averaged 4 4 mg per
cent and from total body water of 57 8% of the body weight This agrecs
excellently with a value of 22 mg of mtrogen per kg of body weight ob
tamed by the lanetic treatment of N5 excretion data Studies now 1o
Progress in our laboratories will soon permit a companson of simifar data
obtamed during mirogen storage wduced by growth hormone

Briefly summarnized results of kmetic studies and more conventional
Procedures appear to indicate that the growth hormone mnduced utrogen
storage in the normal aduli dog mantamed on a constant dietary ntake
15 charactenzed by a agher rate of protem synthesis a lower rate of amino
acid catabohsm a smaller urea pool and a latger metabolic poot of mtrogen
than »5 observed 1n the same ammal mamtamed 1 ntrogen balance
Stimulation of the fasting aduit dog with growth hormone reduced the rate
of praten degradation
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Effects of Growth MHormone on the Metabolism
of Amino Acids®

Jane A Russell

Divisian of Basic Sciences wn the Heolth Services Emory University Geargra

Because one of the prmepal end effects of the action of growth hormone
ts the synthesis of new protemn the nature of the role of growth hormone m
the metabolism of amno acids accupies & central position 1n any discussion
of the mechanism of action of this hormone A primary question 15 does
growth hormone by some means favor the synthesis of prote from amino
acsds does 1t mhibit the breakdown of proten to the ammo acid stage or
does 1t indirectly enable the budding up of more protein by slowmng the
catabolic destruction of amino acids” Most of the avadable evidence tends
fo support the first of these possibshities that of enhancing the uptale of
amno acads 1nto the tssues i the form of protem although perhaps 2t s
still not possible to make a final decision as to the biochermeal site of action
of the bormone

Agamnst the probability that growth b whibits the of
amugo acuds several argumeants may be rused For one thing the yuamediate
effect of the ad: tfration of growth | ts to deptess the level of

BImno nitrogen m plasma ang hver’ 2 and possibly mn other tssues In o
tustration 2 selection from observatsons made on the non protem nitrogen
components of the hiver 4 hours after the mjectton of a swgle dose of growth
hormone 15 shown  Table | Here 1t may be scen that both free ammo
Attrogen and the sum of anude and ammoma mtrogen were significantly
dumiushed in concentration after growth hormone The effect on airculating
amuno mtrogen may be seen also d m adrenalectomeed
or m alloxan diabetic anunals 234 &t appears probably to be a faulv direct
result of growth hormone action If protein hydrolysate 1s gsen to growth

Supported by a grantin aid from the Amerwan Caacer Society wpon recom
m#ndatian of the Commuttee on Growth of the National Research Council
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hormone treated ammals the rate of removal of exogenous ammno acids
from the blood 1s niot dimushed If anything st 1s mereased® and the efeat
on amino and amide mtrogen 1n liver 15 just as evident when casem hydro-
lysate 1s given as when 1t 1s not (Table 1) If the catabolism of ammo acidy
were mhibited at any stage by the hormone, one would expect to se¢ i
increase n the concentration of one or more of these materals m blood of
lwver and not the dinunution which has been observed

Table 1

o
EFFECT OF GROWTH HORMONE ON LIVER NON PROTEIN NITROGEN IN FASTING RATY

Growth Hormonet

1mg /1002
Untreatedt 4 ]107: r{r before Difference

Sampling
Fasting Rats mg per cent Nitrogen
Amino N 55 47 —8=1n
Amude + Ammomia N 18 13 -5£01
Rats fasted then given casein hydroly
sate (10 mg N per100g 11)
15 hrs before sampling
Ammo N 54 8 -6=18
Amude + Ammonia N 2 16 676

# Ostashever and Russell unpublished observations
1 7-10 observations in each group
1 Standard error of difference

A second pomnt s that an effect of growth hormone on disposttion of
amino acids may be demonstrated 1n eviscerated functionally hepatec
tomized ammals In the rat so prepared and mamtamed with glucost
pituatary extract or growth hormone alone usually cannot be shown 10
affect the rate of release of ammo acids from penpheral tissues® (FIg )]
As shown also in Figure 1 when an amino acid mixture 1 gven m
travenously to such a preparation the concentration of ammno mitrogen 11
the blood plasma at first 1s very high as would be expected Then as it
amino acids are distributed through the ussues the concentration mn the
blood falls to a plateau 1 to 2 hours after the mfusion and before the con
tinuing release of amino mitrogen from the tissues agan becomes evident
If ammals given amno acids i this fashion have been prelrented with
growth hormone a short time before operation the level to which the blol;‘t:
or plasma amino nitrogen falls at the intermediate pont 1s lower thanin t
controls and 1t remains lower for the next few hours The dxﬂcrcnu;
engendered by growth hormone treatment in such circumstances althouzc
not very large are quite consistent 8 As a result of the growth hormon
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GROWTH RORMONE 1n EVISCERATE NEPHRELT RATS
GIVEN CASEIN HYDROLYSATE OF SALINE 1V 2 KRS PO
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Fig 1 Effect of growth hormone on semoval of ammo nitrogen from the
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blood m rats (from
Russelt) 8

mfluence administered amino acids are removed from the circulation m
the absence of hiver function Smce the liver 15 the major site of deamnation
of amino acids 1t does not seem hikely that a principal mechantsm af action
of growth hormone could be the mhbitton of amusa acid catabolism or of
urea formation

That growth hormone mubits proteolysss does not seem prabable exther
although the evsdence here 15 sather ndirect For one thing 1t 35 quite
difficult to demonstrate effects of growth hormone on the rate of nutrogen
catabolism m the fasting ammal although it can sometmes be done with
energetic treatment during a day or more In short term experiments
nesther the release of armino acids from tissues (n eviscerate preparations
not the rate of urea formation m nephrectomized ammals 13 substantuatly
affected Under otherwise 1dentical d but i p of
ammo aads however growth hormone brngs about an increased rate of
removal of ammo acids from the blood and at the same time dunimishes
the rate of their catabolism to urea (Fig 2) In acote expenments as m
long term observations the effectiveness of growth hormone m intact
ammals thus appears contingent on the supply of ammo acids

Further mdication of the relatonship of the contmung supply of amuo
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hormone treated amimals the rate of removal of exogenous amuo acds
from the blood 1s not dimimshed If anything 1t 15 mcreased® and the effet
on ammo and amude mitrogen 1n liver 1s just as evident when casen Dydro-
lysate is given as when 1t 1s not (Table 1) If the catabolism of amuno s
were mhibited at any stage by the hormone one would expect to see an
increase in the concentration of one or more of these matenals i blood of
hver and not the diminution which has been observed

Table 1

EFFECT OF GROWTH HORMONE ON LIVER NON PROTEIN NITROGEN IN FASTIG BATS

Growth Hormonet

1 1002
Untreated} 4 "':;5 r{\‘ bejore Dufference

Sampling
Fasting Rats mg per cent Nitrogen
Amino N 55 e ~g240
Amude + Ammonia N 18 13 —507
Rats fasted then given casen hydroly
sate (10 mg N per 100 g 11}
15 bhrs before samphng
Amuno N 54 48 B E
Amide + Ammonia N 2 16 -62"

* Ostashever and Russell unpublished observattons
} 7-10 observations 1n each group
1 Standard error of difference

A second pomt is that an effect of growth hormone on disposition of
ammo acids may be demonstrated in eviscerated functionally hepatet
tomized anmals In the rat so prepared and mamtamed with glucos‘t
prwitary extract or growth hormone alone usually cannot be shown @
affect the rate of release of amno acids from peripheral tissues® (Fiz 1)
As shown also 1n Figure 1, when an ammo acid muxture 1 S1eeR n
travenously to such a preparation the concentration of amino mitrogen 1B
the blood plasma at first 15 véry ligh as would be expected Then 3 the
anuno acds are distributed through the tissues the concentration 1t the
blood falls to a plateaut 1 to 2 hours after the mnfuston and before the cuf;
tinung release of amino nitrogen from the tissues again becomes cvndenh
If ammals given amino acids i this fashion have been pretreated Wit
growth hormone a short ime before operation the level to which the blol "
at plasma amurio pitrogen falls at the intermediate poimnt 1s lower than mﬂs
controls and 1t remams lower for the next few hours The dxﬁertl:lc:h
engendered by growth I m such :mhoo;c
not very large are quue consistent ® As a result of the growth horm
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The important pomnt here 15 that the actron of growth hormone was evident
only duning the active metabolism of armne acds In these exrcumstances
1t would appear that the h affected the b of the admun
wiesed ammo acds xather than the cotabolism of proteins afready present
m the body

Add 1 evid that growth h does not affect the hiberation
of ammo scrds from body protemn may be drawn from the data of Hober
man ® In {astmg anmals gaven 1sotopic glycine and growth hormone over
a pertod of days the total was reduced Ty mn
the presence of the hormone At the same tme the excretion of 1sotope
was dininished propostionately Thus there was no change 1 the con

of d isotopic and dingly no app

alteration 1n the contribution of non isotopic mtrogen from the body durmg
this tume

Another set of observations of a different type perhaps may be mter
preted 1n & stmilar Bight Volk and Lazarus T reporting observations made
wn fasting fats could not demonstrate a sigmificant efiect of growth hormone
ircatment on ntrogen excretion When however the rate of mitrogen
cstabolism had been about doubled by the admmistration of phlondan
then the same and rather small amount of growth hormone was able to
teduce the nitrogen excretion sharply It the wncreased amounts of ammo
auds coming from body tissues in these conditsons may be conadered as a
contebution to the supply of g comp fable for anabok
under the mfluence of growth hormene this observaton becomes ex
plicable

A final consideration relevant to this discussion pestans to the nature
of the amino acds avalable dunng growth hormone action and to how it
conditzons this action If the effect of growth hosmone were to esther mhibit
the catabolism of ammo acids m general or the formaton from them of
U or equally if it were 1o depress proweolysis the effectiveness of the
hormone cught not to be altered much whatever assortment of amino
acsds 15 presented Yet it has been clearly shown in mitsogen balance expent
ments that the action of growth hormone 15 hmited not only by the amount
of iitrogen given but greatly by the avarlabiity of an essential amno acid
methiomine * Parallel evidence 1 sespect to the acute achion of growth
hormone has not vet been obtamed but there are mdications that the
effectiveness of growth hormone on the rate of urea formation observed

1

n the nep 3 rat also 15 d by the types of ammo acuds
gven A difference m behaviour of two types of protem hydrolysate has
already been d In another when a single amino acid

alanne wag given mstead of the hydrolysate little effect of growth hormone
could be seen Further observations on the role of the different ammo acids
 the nitragen retaimng acton of growth hormone wail be of much mterest
in respect to the mechanism of action
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EFFECT OF GROWTH HORMONE ON UREA FORMATION

IN FASTING RATS cl‘lﬂGH

SALINE CASEIN HYDROLYSATE
ENZYMATIC ACID 133 MG N
8.8 MG N
ST MR 2 ND.HA 1ST KR, 2ND HR

i s
T
o ot

: |

T
1

>
T

1ST HR. ZND.HR

i L L

Fio 2 Effect of growth hormone on the increase 1n blood urea mitrogen 1t
nephrectomized rats (3-5 hours post operative) with and without 1ntravenous
admmstration of protem hydrolysate and with and without growth hormvﬂ:
(1 mg per 100 g 1 hour before first blood sample) Figure at foot of colum
mndicates number of observations m the group vertical hine at top indicates
standard error

INCREASE IN UREA N = NQ /100 ML /HR.
o
T

w

acids to the action of growth hormone 1s seen n the companson of results
t d 1n the ney d animal with two types of casein hydrolysat¢
also shown n Figure 2 Here 1t may be seen that an enzymatic digest
(Amigen ® Mead Johnson) and an acid hydrolysate fortified with trypio
phane (Parenamine ® Winthrop Stearns) differed in therr effects on the
rate and duration of urea production Although a larger amount of nroge?
was given 1 the enzymatic digest the increase 1n urea formation did not
perstst past the first hour, as 1t did with the acid digest The plasma amin®
nitrogen fell to about the same levels in the two expenments so that ap&
parently the ammno mitrogen from the enzymatic digest had becn remote
from the blood more rapidly and stored to 2 greater extent in the t1ssUs
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EFFECT or DIET o« GROWTH HORMONE ACTION

N RATS GIVEN CASEIN MYDROLYSATE CHHGH
FASTED UNFASTED
24 ¥OuRS a8 HOUNS WOAMAL TIEY HIGH PROT WG FAT

e KARBONYL) MIGH FAT
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Fio 3 Effect of growth hormone on the increase in blood urea mtrogen after
casewn hydroly sate {except saline contral at left) n nephrectomuzed rats Un
fasted animals allowed food ad fib until immediately before operation had
been fed enher the usual diet (Punina Laboratory Chow} or for the last 4 days
sem synthetic diets contaimng respectively 40 per cent fat 40 per cent proten
and 10 per cent carbohydrate or 60 per cent fat 20 per cent protemn and 10
per cent carbohydrate

the dhet was low yn carbohydrate but hugh m protemn (40 per cent casem)
and fat 2 stmdar result was obtaned no signfficant effect of growth
bommone was evident an the unfasted ammal The rats were then fed for a
few days a diet very lugh i fat low 1n carbohydrate or 1ts precursors and
contaning adequate protein (20 per cent casem) In thus case the rate of
urea formation 1 the control antmals was fower than in any other serics
but when growth hormone was given further retention of mitrogen was
Cleatly evident These results suggest that not only is ingested carbohydrate
ot required with the amuno acids if growth hormone 15 ta be effectise sn an
aeule expennment but that the action of the hormone 1s mare easily demon
strated of fat yather than carbohydrate or its precursors s furmshing the
Prucapal source of ene 1y

Further experiments of sumlar type were next carned out to determme
if the acute admuustration of carbohydrate to a fasting ammal wounld affect
the action of the hormone (Fig 4) In paralle] experuments i which either
a fat emulsion or gucose solution was fed by tube shortly before the opera-
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If from these hines of evidence, 1t 1s constdered that growth hormone does
not directly affect the catabolism of either amino actds or body protems we
are left with the most likely alternative that growth hormone acts upon
some phase of protem synthesis from amino acids The experments dis
cussed below have been mterpreted in this light

Whatever the site or mechamism of action of growth hormone but per
haps 1f 1t 15 concerned particularly with anabolism, the synthests of proten
which results 1s a process requining energy A question of some tmportence
1s whether or not there 1s a preferential source of energy dunng the mitrogen
retention of growth hormone action As has long been known there 1s a1
intimate although still 1ll defined relationship between mtrogen balance ard
the metabolism of other food stuffs Carbohydrate 1s generally considered to
be protemn sparing  but fat also may act in the same manner under cet
tain conditions ¥ With this m mind 1s either carbohydrate or fat to be
considered a protem sparing agent when growth hormone 15 effectg
mitrogen retention? In observations on the disposition of admnstered amino
acids 1n neph d rats r growth hormone ewidence b
recently been obtamed which may provide partial answers to these ques
tons

In all of the presently reported experiments the technique Was that
previously described 1 Normal adult rats were nephrec(omnzed given 3
standard amount of casem hydrolysate (Parenamine ® Winthrop Stearns)
and the rate of urea formation measured during the following hours A
single dose of growth hormone (1 mg per 100 g body weight) was ghet
shortly before the amino acid mixture The difference 1n amount of urea
formed in parallel observattons on control and hormone treated ammals
was taken as an indication of the degree of mitrogen retention nduced by
growth hormone under the condrtions of the expeniment

The 1mtial observations of this type had all been made upon animals
fasted 24 hours before the expertment with results simlar to those shown
n Fig 3 Of interest alone 1s the fact that such a clear mdication of growih
hormone action could be obtamed 1n the absence of foodstuffs other than
the 1njected amino acids Even a fast of 48 hours did not greatly alter the
cffectiveness of growth hormone m this respect It 1s evident then that
exogenous carbohydrate 1s not required for growth hormone action o the
metabolism of admimstered ammo acids

Attention was next directed to the possible influence of foodstufs on the
action of the hormone Instead of using ammals which had been fasted
overnight we made our observations on amimals which had been eating their
gormal deet until the morming of the expeniment We were somewhat suf
pnscd to find that the usual effect of growth hormone on urea formatto?
was scarcely evident This diet had been of the usual sort rather high 1t
carbohydrate (Purma Laboratory Chow) Accordingly the expeniments
were next repeated on ammals fed diets of different composition Where
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hydeate deet thus affectang perhaps the action of growth hormone (Fig 5}
In one senies rather large amounts of sodum f-hydrovybutysate were ginen
subeutaneously a short time before and dunng the period of metabohe
utihization of casemn hydrolysate The nature of this salt and its high osmotic
quired the ad: of a large volume of materal

Accordingly the expeniments were not entirely satisfactory from a physio-
logical standpomnt and as one type of control sodwm acetate was given m
stdar molar mounts From the data at appears that a signficant effect of
grawth b could be ob d 11 the 3 asumal when ot was gven
these large smounts of a parally oxidized diate 1n fat bot

In & further set of obsetvations in this senes an emulsion of vegetable
ol i water was mjected mtravenowsly about one half hour before the

UREA FORMATION IN UNFASTED RATS

CONTROL GROWTH
HORMONE

NO ACETATE O OH BUTYRAYE FAT EMULSION
24| TREATMENT s.¢ sc. "
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Fi5 5 Effect of growth hormone on the wacrease in urea nitrogen after casein
b)’dmlysat: i unfasted ammals (normal diet} given sodim acetate or sodwm
§ bydroxybutyrate (0 3-0 5 mM per 100 g 1 § per cent solution) subcutane-
ously or an o1l emulsion (10 per cent 1 water 05 ml per 100 g) ntra
venously 30-40 minutes before sjection of ammo acrds



220 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS
EFFECT of GLUCOSE ov GROWTH HORMONE ACTION in FASTING RATS

FAT FED  GLUCOSE FED GLUCOSE INJECTED SC. CGH
S HRS. 5 HRS. 30 MIN BEFORE {AND AFTER) AMINO ACIDS l_lﬂ
Z‘)_ 25 MG X 2 100 MG 100MG X 2

T
e

i

£

—3
3
j..

.3 N
T

INCREASE IN URTA N = MG /I00 ML /2 MRS,
>
T

s|is s(f7 alfa g 2
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Fic 4 Effect of growth hormone on the increase mn blood urea nitrogen after
casein hydrolysate m nephrectomized rats fasted 24 hours then given glueos¢
or fat Glucose (20 per cent 1 ml) or olive otl emulsion (10 per cent v\:t:rr
1 ml) was fed about 1 hour preoperatively (5 hours before experiment) ©
glucose (5 or 10 per cent 05 or 1 ml) was injected subcutaneously 1] houi
before experiment and in 2 of the 3 series also ¥ hour after the mjection ©
ammo acids (All quantities Iisted were given per 100 g body weight)

tion 1t was found that while the prior feeding of glucose somewhat
dimiished the rate of urea formation from the amuno acids grven later ¥

pletely p d the further red by growth hormone Somehat
similar results were obtamed when glucose was injected more or less con
comutantly with the amino acid muxture Here small amounts of glucos®
given before and after the hydrolysate made little difference Sumlar results
were obtained when a larger amount was given only before the hydrolysate
but 1 the latter mstance the action of growth hormone was confined wholly
to the second hour The contmued admimstration of carbohydrate while
resulting m a marked mitrogen sparing effect itself apparently prcvcntcd
further activity by growth hormone Thus 1t appears that exogenous carbo-
hydrate certainly does not the action of growth
hormone and 1t may indeed lmit the Iatters effectiveness m an acute

expeniment le
1n a final seres of experuments attempts were made to alter the metaboll

mixture of unfasted animals which previously had been on a high carbo
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tions were made and 10 this case the bnef interval mght explamn the
discrepancy The differences here are not large and perhaps no great
weight may be attached ta them If the concentration of hetone levels
the blood may be taken 23 a gualntative indication of the partiipation of
fat 1 the metabolic muxture however these data substantiate other esidene
of some degree of parallelism between the nature of the metabolic substrate
and the effectiveness of growth hormone on nitrogen retention

The observations presented here 1nvite some speculation concermng the
normat role of the pitwitary growth factor 1 mtrogen metabolism We know
that one of the requirements for mtrogen retention and growth m mam
malan species 1s a normal metabolism of carbohydrate as regulated by
msulin Jtmay be haweser that msulin 1s not the only hormone concetned
10 the usual conteol of nittogen batance 1m the aduit and that growth hor
mone also has a regolar function m this tespect

Twa sets of observations may be recalled m this connection One is that
the hypophiysectomized ammal not only fails to grow but m fact may lose
mirogen Fhis was first shown m the now-classic observations of Lee and
Ayres 1 o winch control amimals wer. lmutud to the some rather fow
voluntary food intake of the operated subjects The controls Jost no mirogen
wheteas the aperated animals lost a large fraction of thewr bodv protem
a few weeks Long and Fry' have observed that »f rats are hypophysec
tomized and then nmmediately fasted for 2 or 3 days thy mtrogen excretion
wn this post operative period 1s higher than that of the controt fasted animals
We have confirmed this in a few ammals On the other hand as Leun?
and others have shown 1f the hypophysectomuzed rat 15 force fed ample
quantsties of 2 normat diet the loss of mitrogen which otherwise oceurs may
be reduced to minor proportions These cbservations indicate that the pitus
fary 15 essential for normat mirogen retention at least dunng fasting ar m
perods of msufficient food if not when the food intake s high

As has been known for manv years the varbohydrate and proten moe
ties of the dit must be fed essentially together if nitrogen balance 15 to be
mamtaned i the adult aithough 1 15 not certain that this 1s necessary for
growth in the young smmal Cuthbertson Webstes and Young" some years
2go made the important observation that when the wtakes of dietary protem
and carbohydrate were separated 1n time the expected loss of nitrogen could
be overcome completelv by the isyection of a crude antenior pituitary extract
nich 1 growth hormone These observations need now to be repeated with
punfed growth hormone but there can be hule doubt that this hormone
was the operat Je m this The results of these several
expenments together with our observations presented above supgest that
one of the functions of growth hormone 1 the normal ammal might be to
enable the retention of mtrogen especially dunng conditions when for
One reason or another carbohydrate was not 5 le In ths
sense the action of growth h would be comp 'y to that of




222 HYPOPHYSLAL GROWTH HORMONE NATURE AND ACTIONS

casem hydrolysate The emulston was prepared with some difficulty from
small amounts of monostearate and bile salts Because of the nature of the
emulsion and because such large volumes of matenal were given intraven
ously to nephrectomized ammals—certainly not a happy necessity—the
results were rather vanable Even so, a sigmficant effect of growth hormone
was demonstrable 1f comparison was made between the control and treated
animals which had been studied simultaneously These results, although sot
conclusive 1n themselves, suggest that the mtrogen anabolc effect of growth
hormone can be favored by an acute shift mn the metabohic muxture toward
fat or its metabolites as well as by the more chromc admimstration ofa
high fat diet over a penod of days

Table 2

ENERGY SOURCES AND GROWTH HORMONE ACTION
m Nephrectomized Rats Given Casein Hydrolysate

Blood Retones®
Experimental Condition G H Effect Ay tmnal
onUreaN mg percent
Fasted 24 hrs + 17
48 hrs + 36
Unfasted Carbohydrate - 7
Protein Fat Dret - ?
Fat Dset + 15
Unfasted Acetate sc¢ - 8
(CHO Dtet)
8 OH Butyrate sc + 18
Fat Emulston 1v + ? 7
Fasted Fat Fed 5 hrs + 17
Glucose Fed 5 hrs - 3
Glucose Iny ¥ hr
50 mg + 19
100 mg _ 10

* As acetone

A final table summarizes these experiments on the sources of energy and
growth hormone action (Table 2) Here it may be seen that the disposttion
of administered amino acids was affected by growth hormone only when fat
was being used Accompanying this summary are presented the average
blood ketone levels 1n the several experiments at the time of injection of the
amino acid mixture The growth hormone treated animals exhibited some
what higher ketone levels m all senies but the data from both control and
treated ammals have been combined here for illustrative purposes In all but
one case the Letone level was higher in conditions 1in which gmwth
hormone action was evident The exception was the expeniment 1n which
fat 1 was given ly only a short time before the observd
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tions were made and 1 the case the bref interval might explain the
discrepancy The differences here are not large ond perbaps no great
weight may be attached to them If the concentranon of ketone levels
the blood may be faken as a qual d of the p P of
fat in the metabohic myxture however these data substantate other evidence
of some degree of paratielism between the nature of the metabolic substrate
and the effectrveness of growth hormone on Mtrogen retention

The observations presented here savite some speculation concernmg the
narmal role of the prtmtary growth factor m tutrogen metabolsm We know
that one of the requirements for mtrogen tetention and growth 1 mam
malan species is 3 normal metabolism of carbohydrate as regulated by
msuhn £t may be however that msulin 1s not the only hormone concetned
s the usual control of mtrogen balance i the adult and that growth hor
smone also has a regular function in this respevt

Two sets of observations may be recalled i this connection One ss that
the hypophysectomized ammal not only fais 1o prow but i fact may lase
pitrogen This was first shosn 1 the now-classic observations of Lee and
Agres ¥ an which control ammah were limnted to the same rather low
voluntary food intake of the operated subjects The controls lost no mirogen
whereas the operated anmals lost a large fraction of therr body protein 1
a few weeks Long and Fry’ have observed that if rats are hypophysec
tomized and then immedtately fasted for 2 ot 3 days the mitrogen excretion
wn ths post-operative peniod 1s hugher than that of the control fasted animals
We have confirmed this 1 a few animals On the other hand as Levn®
and others have shown f the hypophysectomuzed rat 1s force fed ample
quastities of a normal diet the loss of nitrogen which otherwise occurs may
be reduced to minor proporuons These observations indicate that the pitw
tary 15 essentrs} for normal mitrogen retention at least dunng fasting or
periods of msufficrent food 1f not when the food intake 15 lugh

As has been known for manv years the carbohydrate and protemn moe
185 of the dict must be fed essentially together if nitrogen balance 15 to be
mamtaned i the adult although it 15 not certam that thus 15 necessarv for
growth i the young anumal Cuthbertson Webster and Young! some years
220 made the important observaton that when the ital es of dietary protem
and carbohy drate were separated 1n time the expected loss of mtrogen could
be pletely by the of a crude antenor putuitary extract
tich i growth hormone These observations need now to be repeated with
punified growth bormone but there can be httle doubt that this hormone
Was the operat ple 10 this The results of these several
€ipenments together with our observations presented above suggest thay
one of the functions of growth hormene 1n the ponmal ammal mught be to
enable the retention of mtrogen especially dunng conditions when far
one reason or another carbolndrate was not sufficiently avadable In this
sense the action of growth h would be 3] 'y to that of
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insulin in respect to mitrogen retention It would represent a most vsehl
function for the hormone and one unaffected apparently by other agents
This 15 obviously an hypothesis but 1t 15 one susceptible to addional
expenimental study

Summary
From a y of lab! dence, it 1s Tuded that mtroges
retention effected by growth hormone m acute experiments is not the resl
of an mhibition of amno acid catabolism or of protem breakdown but2
result rather of the hormone apparently favoning the uptake by the issues
of amino acids as proteins The effectiveness of the hormone was shown
to be dependent to a large extent on the contmuing supply of amino ands
for synthests In observations made on nephrectomized rats given proteis
hydrolysate mitrogen retention under the action of growth hormone &
found not to require the presence of exogenous carbohydrate Instead
r was best di rated when fat was serving as the pnn
cipal energy source The metabohsm of fat thus might be considered 25
the protemn spanng effect which possibly supplies the energy for protett
synthess during growth hormone action From these and other observatoss
1t 1s suggested that one of the functions of growth hormone m the adult
anmmal might be to enable the conservation of mitrogen dunng conditions

when the supply of carbohydrate 1s hmited
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The Role of Insuln in Nitrogen Retention®

F O W Lukensand § M McCann
George § Cox Medical Research inshivte ond the Depgrtmen) of Physislogy
U -

v of Pennsyh Philad

The waportance of insufin 1n the retention of mitrogen and i proten
bafance was well demonstrated by Minkowski who showed that the mtrogen
excretion duning fasting was doubled by pancreatectamy The correction of
this exaggerated protein catabohsm by msulin some thirty vears later made
it clear that msuln had a part m protein metabohsm Houssav! discovered
that the anterior pitustary was responsible for the excessive protem catabo
Ism of diabetes At the same ttme Evans ® and others® defined the remark
able anabohe power of growth hormone L1% % and Wilhelm:" described pts
punfication and others recorded the mtrogen retaiming action of testos
terone Thus at present we are aware of multiple anabolic hormones as
measured by mirogen balance studies This naturallv leads to the question
of Where and how each hormone acts and how they are mterrelated In con
sidenng the effect of msudm on protesn metabolism I shall begn by asking
three questions

T To what extent 15 the anabolic action of growth hormone dependent
upon msulin?

I To what extent 15 the anabolic or protetn spanng action of msulm
:’CPendcm upon growth hormone? One could ask the same questian about

A

and other anabolic § but these will not be considered
at this time
T Tsthe effect of msulin on protein metabolism a primary one of 151t
secondary to the d util of carbohydrate?

The answers ta anv question of this magnitude will eventually be ob

tained by the vse of several methods There are abvious himitations to mfor
—

!h‘ Supporied by a grant from the Division of Research Gyants and Felfowships of
s Natiosal Institutes of Health Unuted States Public Health Service
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mation dertved solely from studies of the mitrogen balance which will not
reveal the stmultaneous processes of anabolism and catabolism 1 different
ussucs But since knowledge of the met mitrogen balance 1s Iikely fo be &
useful foundation for further studies, 1t has been used at this stage of the
work and some of the information about the three questions asked abowe
will be outhined on this basis

Table I
RESPONSE TO GROWTH HORMONE (GH) IN fIOUSSAY CATS*
Arerage Uninary Arerage Uninary
No of Glucose Nutrogen Nutrogen Retamed
Cats +SEM
Before GH ) During GH | Before GI ] During G
g perday g perday g perdvy
7 24 [ 47 250 | 244 006014
5 Normal cats given 3 mg GH dailyt 090007

* The hypophysectomized-depancreatized vats recenved no insulin Each cat %28 fl‘:d
2 constant diet before and dunng the admimstration of growth hormone of the
Houssay cats $ cats recerved 3 mg and 2 recenved 10 mg daily of Armours growth
hormone

1 From (9)

I To what extent 15 the anabolic action of growth hormone dependet!
upon nsulin? This question has been examimed m many ways by the 0t
of crude and later of highly punfied preparations of growth hormort
Gaebler and Robinson® first showed that 1n depancreatized dogs matamed
on fixed doses of msulin the action of growth hormone on nitrogen balance
was present but greatly reduced When the amount of msulin was increased
two to three fold the normal degree of mitrogen retention oceursed Milman
de Moor and Lukens® obtamed simular results in depancreanzed cats In
addition they observed the effect of growth hormone mn the complts
absence of msulin by using hypophysectomized depancreatized (Houss)
ammals In the absence of msulin growth hormone failed to cause Mutrogen
retention  The mean mitrogen retention of seven expertments shown 11
Table 1 15 006 = 14 g per day 1¢ essentially zero In Figure 1 15 5
trated the erratic behasior of the Houssay animal In sprte of these wide
variations when the results are viewed together with those from depanct®
atized ammals which have been cited 1t seems probable that growth hot
mone 1s almost entirely dependent on insulm for its nitrogen spanng effect
This raises the possibility that growth hormone might exert all of 1ts effect
by sumulating the production of more msulin but before discussing this
possxblhly the second question will be exammed "

I To what extent 1s the anabolic or protew sparing action of ms® in
dependent upon growth hormone? To examme this question one woul
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EFFECT OF GROWTH HORMONE
IN HOUSSAY CATS

oel o
NITROGEN
BALANCE a4l
AVERAGE

GM PER DAY 02
N RETENTION ("

N LOSS
02
.
o4
a6 .

Fi6 1 This shows the distribution of the experiments summarized n line 1
of Table

first Iike to know what effect msulin had on protem metabolism 1n the
absence of growth hormone which means in the hypophysectomized animal
Little work has been done on this topic but Salter and Best!®1¢ have de

scribed growth 1 hypophysectomized rats treated with sulin Bancroft
Geiger and Hagerty!! reported that the protein sparmg action of carbohy

drate was the same m hypophysectomized as in normal rats We have
studied the protein spaning action of carbohydrate m normal and hypophy

sectomuzed cats The purpose of these experiments was 10 test the effect of
the 1nsulin which 15 presumably secreted in response to the added glucose
and yet to avoid the risk of insulin reactions mn hypophysectomized animals

We have begun experuments on the effect of msulin m Houssay cats

Methods

The operative and chemcal methods have been described ® The animals
Were kept m metabolism cages during the experimental periods and were
fed measured diets of fresh horse meat which were constant for each animal
throughout all peniods which were compared In these experiments  nitro
genretamed means the difference between the amount of unnary mtrogen
excreted during a control period and the amount excreted during, a peniod
of treatment The food mitrogen urmary mitrogen balance has not been used
s 1t seemed to be less accurate than having the observed mitrogen excretion
ot each animal as a control Nitrogen analyses of different lots of meat have
Suggested that the diet was quite constant in its protein content The normal
i“d hypophysectomized ammals were fed 100 g of horse meat daily The

ypoph d dep d (Houssay) ammals were fed 50 or
100 g daity according to their appetites but the amount selected for each
animal was constant dunng all perrods which have been compared Like
wise the addition of 2 g datly of Viokase® a desiccated pancreanc




226 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTION

mation denved solely from studies of the mitrogen balance which wil st
reveal the stmultaneous processes of anabolism and catabolism i differest
tissues But since knowledge of the net mitrogen balance 1s ikely to be 2
useful foundation for further studics, 1t has been used at this stage of the
work and some of the information bout the three questions asked sboie
will be outlined on this basis

Table 1
RESPONSE TO GROW TI HORMONE (GII) IN HOUSSAY CATS®
Average Urinary Anrerage Urinary
No of Glucose Nutrogen Nitrogen Retained
Cats = SEM
Before GH | During Gl | Before Gt | During Gt
& perday g perdav J g perday
.
7 [ 2 | a7 ] 250 | 24 006014
5 l Normal cats given 3 mg GH dailyt 0902007

* The hypophysectomzed depancreatized cats received no insulin Each cat M!f;d
a constant dict before and during the admimistrition of growth hormos¢ of the
Houssay cats § cats received 3 mg and 2 receved 10 mg daly of Armours "
hormone

1 From (9)

1 To what extent 1s the anabolic action of growth hormone dependert
upon insulin? This question has been examined 1 many ways by the st
of crude and later of highly punfied preparations of growth hormont
Gaebler and Robinson® first showed that m depancreatized dogs mamtaned
on fixed doses of msulin the action of growth hormone on mtrogen balancé
was present but greatly reduced When the amount of nsulin was mereas
two to three fold the normal degree of nitrogen retention occurred Miman
de Moor and Lukens® obtaped simular results mn depancreatized cats In
addition they observed the effect of growth hormone in the complet®
absence of nsulin by using hypoph d dep 1zed (HoussaY)
ammals In the absence of mnsultn growth hormone failed to cause mitroge®
retention The mean mitrogen retention of seven experiments showR m
Table 1 1s 006 = 14 g perday e essentially zero In Figure 115 s
trated the erratic behavior of the Houssay ammal In spite of these wide
vanations when the results are viewed together with those from depancte
atized ammals which have been cited 1t seems probable that growth bot
mone 1s almost entirely dependent on nsulin for its nitrogen sparing effec
Thus rarses the possibility that growth hormone might exert all of 1S effect
by stumulating the production of more nsulin but before discussing ths

bility the second g will be e d
i II To what extent Is the anabolic or protemn sparing action of 1S9
dependent upon srowth ? To this one woul

i
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CAT 6 (HOUSSAY)

AVERAGE 8
GRAMS 6
PER
DAY 4
swcose [
2
NITROGEN r__a
ol 2
PERIOD CONTROL INSULIN CONTROL
DAYS 5 5 4
Fis 2 Cat 6 Hyp y 36 days 3 days before the

beginning of the first of th"c consecutive metabolic periods charted The diet was
30 g of meat daly throughout these periods The change mn glycosuria due to
\nsuftn 1s obvious the average nitrogen retention of 0 45 g per day during 02
units of protammine sulm datly exceeds the average protemn sparing action of
5g of glucose 1n normal cats (cf Table 2) The three amumals with less utiliza
fion ;f glucose and no mtrogen retention were studied for sumlar metabolic
penods

‘The striking contrast between tnsulim and growth hormone 1n the Houssay
ammal 1s apparent when the findings 1n Tables 1 and 2 are compared As
poted above growth hormone appears to be meffective 1 the absence of
msulin yet insulin appears fully effective m the absence of grawth hormone
Before discussing these findings some additional facts about the exper
ments with nsulin 1n the Houssay amimal may be mentioned We have
found no reference to the metabolic effects of msulm 1 Houssay ammals
although the senstuvity of these animals to single doses of tnsulin s known
Several of our amimals died from hypoglycemia as we confirmed this ex
treme msulm sensitwvity In the experiments bsted 1n Table 2 the dose of
msuln given to Houssay cats varied but 1n the most recent experiments it
Wwas 05 umt of protamine nsulin daily This may be contrasted with the
doses of 10 1o 20 umts per day needed to mamntain depancreanzed cats ®
When snsulin reactions were avorded the great suscepubility of Houssay
€315 o mnsulin conld at times be revealed by the large amount of glucose
utlized per unrt of insulm As 1s shown 1n Table 3 the utilization of glucose
m these €xpertments means the dumnution 1n unnary glucose during the
Perod of treatment with msulin
The data 1n Table 3 are based on metabolic periods 1 the 4 animals
whose mitrogen balances are summanzed m Table 2 Allan' reported a
simtlar range of glucose utilization by msulin n depancreatized dogs fed
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preparation supplied by the Viobin Company Monticello Illinots was con
stant duning all periods of study n the Houssay animals In the normal and
n the hypophysectomized ammnls the metabolic penods were 6 days wib
rare exceptions In the Houssay ammals 3 to § day periods were used In
all experiments the effect of glucose growth hormone or msulin on nitro-
gen balance was based on consecutive periods Howeser in summarizig
multiple study periods 1n the same antmal, the average results of all control
and all sinlar treatment periods were employed Protamine insulin (Lil)
and punfied growth hormone which was generously provided by The
Armour Laboratories were the hormones used

Table 2

NITROGEN EXCRETION OF CATS UNDER VARIOUS CONDITIONS

)‘g’ of Average Urinary Nitrogen N : Condutions
| MeatOnly | Meat & Glucose | Fe1me
¢ tdav £ /day & /day
I
16 338009 305010 | 033=008* | Normal
o
13 325007 3122005 | 013=006% | Hypophysectomsed
Meat & Insulin
4 357+ 318 039 Houssay

* SEM

In our first report of the study of growth hormone and insulin,’ the itro-
ger spaning effect of 5 grams of glucose was easily demonstrated 1n normal
cats That 13 hypophysectomized animals so tested displayed less than half
the nitrogen retention of the normal cats 1s shown 1n Table 2 Since the df
ference between the mitrogen retention of the normal and hypophyseci®
mized cats (020 == 010 SEyx) 15 of doubtful significance one can 00
say that 1n the mnsulin sensitive hypophysectomized cat ths effect of glucose
seems to be less than 1n the normal amimal In this respect our cats differed
from the rats studied by Bancroft et al ! but when our results ar¢ viewed
with those of Salter and Best'®1° and of Bancroft et al 1! the data suggest
that insulin can spare protein i the absence of growth hormone although
this occurs to a subnormal degree in the case of the cat

In Table 2 (lne 3) 1s summarized the effect of msuln on Houssay €3t
and one will note that when msulin 1s admmstered under these crcum
stances fully normal mitrogen retention occurs in spite of the absence of the
pitwtary In Figure 2 15 illustrated the response of a single animal Yet whet
an equivalent amount of glucose 1s utilized by the animal's own smsulin
(Table 2, ine 2) the mitrog 15 d This emph the
mportance of the metabolic background in studes of this sort
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HOUSSAY CATS
EFFECT OF INSULIN

MNITROGEN RETAINED
GM PER DAY
Q Q Q e} o
- N Ao Ey L=
.

Q

4 & 8 o 12
GM PER DAY
GLUCOSE RETAINED
Fio 3 Relation between the increase sn the amount of glucose whiized (de
crease in glycosurta) and agrogen setained dunng wsubn treatment of hypophy
sectomized depancreatized (Houssay} cats The four amumals which used maoce

than 5 grams of glucase dunng tnsulm treatment are the same as those shown 10
Tables 2 and 3

glucose available from protewn dunag fasting using conventional D N ratios
would 2mount to 5 or 6 grams of glicose dady in the case of the cat This
means that the nrrogen retentson caused by growth hormone mn fasting ant
mals'® " accurs at or above the mnmmal hmit observed mn our Houssay
animals

These experiments which demonstrate the essential role played by insubm
10 sparing protewn and the apparent necessity of wsubm for the action of
grawth hormone must be related to certam other observations Growth
hormone does not act entuely by stmulating the secretion of tnsulm be
Cause msuln alone does not reproduce afl of the effects of growth hormone
There are many ways Jn winch the mitrogen retajung effect of wnsulin and
that of growth hormone may differ and we need only pomnt out two areas of
difference One of these s the tume factor Tusuhie causes nitrogen retention
foraweek ortwo se of relatively brief duration (Fag 4) In this respect
1t resembles the bref nuitrogen refeation of androgemic steroids ! On the
othier hand the pro} fect; of adi d growth hormone
has been known since the production of acromegalic dogs® ¢ as a result of
months of hormone treatment Insuhn and testosterone appear to set optmal
Tevels for nittogen equihbrium  growth hormone 15 capable of causing a fong
Sustamed posttive nitrogen balance Ths 1s also alustrated by the observa
tion that hyperinsulimsm due to 1slet cell adenoma of 6 1o 7 years duration
does not produce acromegaly
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meat and 100 to 150 grams of glucose, but gave no data on dogs fed dets
of meat only which are known to result 1n less cfficient utilizatron of glucos.
The marked diminution of glycosuria by insulin i Houssay cats 1s perhaps
noteworthy because 1t occurred at unusually low insulin dosage and &n
regimens which ordinanily do not yield such results

Table 3
FFFECT OF INSULIN ON GLYCOSURIA OF HOUSSAY CATS

o Uninary Glucose Glucose Insulin®
d
I Dier Meat Aear & bf'];’:m(hn per Dav
Only Insubn
) A
. £ perday 8 /day _'TL—
63y [ 50 3 9 1o i
156 180 131 12 9 4R
5 %0 31 I 63 0sP
. o ke 8 e 0sP
8(s4) | 100 101 20 WL

* P = protamme msulin given once daily
R = regular insulin total of divided doses

Regardless of the dose of insulin the amount of glucose utilized per day 28
a result of treatment with insulin appeared to have an important relation 10{
mitrogen retention In normal cats 5 grams of glucose added to the duet o
100 grams of meat were found empirscally to have a farly consistent prote?
sparing action Larger amounts of glucose (10 g per day) cccasxon:ﬂ)’”;
creased the amount of mitrogen retamed but often seemed to make no di
ference Smaller amounts of glucose have not yet been tested 1t norm
animals )

In the case of the Houssay cats given msulin those shown m Tables
and 3 were selected on the basis of two criteria  they survived good meld
bolic periods and they utthzed § grams or more of glucose daily as dud the
normal cats fed glucose However we tested for metabolic pertods of 4 10
5 days three other Houssay cats in which for unknown reasons the 1msul
given was less effective None of these cats used as much as 5 grams ;c
glucose daily and none had sigmficant mtrogen retention In Figure 3
amount of glucose utilized 1s related to the amount of mtrogen retained 1
this series of 7 Houssay cats selected because the metabolic penoda were
satisfactory Small as this sertes 15 1t suggests that mn the Houssay cat under
these conditions there may be a mummal Lt of about 5 grams of S‘“C"S;
daly at or above which mtrogen 1s retammed When less than 5 grams O
glucose was retamned by the nsulm administered there was no mtrogen ""
tention If there 1s such a munimal lumt 1t 15 1n accord with the concept !hl;‘
nsultn does not act prumarily on protein metabolism but acts mdxrech{
through accelerated carbohydrate utilization One may note here that t!

~
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cate that continued study of both Iiver and muscle will be required to define
the sutes of action of insulin on protemn metabohism

In summary the protein anabolic action of growth hormone and of 1n
sulin has been measured n terms of the urmary nitrogen balance Although
hypophysectomy 1s more than simple growth hormone deficiency 1t has
been used to observe the behavior of 1nsulin in the absence of growth hor
mone Because of the great sensitavity to msulin of hypophysectomized cats
the protein spaning actron of carbohydrate has been studied 1n them and
the efiect of insulin has been observed 1n hypopt d dep
(Houssay) cats In hypophysectomized cats there was shght mpairment 1n
the mtrogen retention normally caused by the addition of dietary glucose
Inthe Houssay cats normal nitrogen retention or better occurred when mn
sulin reduced the glycosuna by 5 grams or more The difference 1n response
of these two types of ammal both lacking in growth hormone indtcates that
this response to mnsulin may differ under different experimental condrtions
and that insulin may under some conditions (e g the Houssay ammal)
spare protein to a marked extent in the absence of the pitunary

In contrast to this behavior of msulin the failure of growth hormone to
cause nitrogen retention 1n the absence of msuln (Houssay ammal) has
been confirmed The transttory nature of the protein sparing action of carbo
hydrate has been demonstrated in the cat This effect which depends on the
presence of insulin differs from the continued anabolism which can be pro
duced by growth hormone Some differences 1n the anatomical sites of
action of msuln and growth hormone have been postulated from the obser
vations of others

Our results suggest that the presence of msulin 1s essential for protemn
anabolism and that an increased secretion of msulin 1s needed 1f the max
mal response to administered growth hormone 1s to be obtained On the
other hand nsulin can cause marked nitrogen retentron 1n the absence of
growth hormone (hypophysectomy) at least under some conditions The
nature of this interrelationship suggests that growth hormone may act m
some way to drrect the fundamental anabolic mnfluence of msulin (glucose
bemg available) into that duration and location of protemn synth=sts which
1s called growth
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NORMAL CAT

MEAT] MEAT + GLUCOSE

W
o

30-\

URINARY NITROGEN
AVG GM PER DAY

20

CONSECUTIVE 6-DAY PERIODS
Fi6 4 When 5 g of glucose were added to the constant meat 1ntake of 100¢

daily tn this normal cat the mitrogen spaning action of glucose was sett ot
for the first two 6 day periods of added glucose

The actions of growth hormone and msulin differ not only m their dura
tion but 1n their location Latile 15 known of the sites of action of 20Y hot
mones which influence protein metabolism but 1t 15 obvious that smsulin has
no such special effect on the bones as that produced by growth hormort
It seems proper to say this about man and probably about the dog The fact
that msulm 1s essential to the action of growth hormone has been seen 18
recent years by the prevention of diabetic dwarfism by msulin treatment
The apparently adequate nsulin supply of nondiabetic human dwarfs has
clearly faled to remedy therr defective growth In contrast to man, "
demonstratton of a posttive tibra test 1n msulin treated hypophysectom
rats 1n Dr Best's laboratory®® 10 appears to be an exception due to SPEES
difference However this may be explamed 1t 1s necessary to constder more
than the overall or net mitrogen equilibnum as measured by unnary excte
tion 1 order to learn something of the sites of action of these anabolic
hormones

The need for thinkeg of the nitrogen retention of particular tissu h
demonstrated by Addis Poo and Lew?® and by Munro and Nasmuth'? 2
studies on nutrition by Greenbaum and Young!® in connection with grow
hormone and by Krahl'® and Swmex et al *° 1n terms of a specific protein
synthesxzed i vitro Ulnch Tarver and L1 ! found that growth hoﬂﬂU‘]‘°
exerted a strikmg effect on plasma protems which 1n turn are formed laurse()j’
or entirely by the Iver The studies on liver and diaphragm 1 vitro™®” “r
the observations on the effect of glucose and msulin 1n hcpatectcmlzfd o
cerated ammals which have been summarized by Flock, et al  md
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Elfect of Growth Hormone on Liver Protems
ond Mucleic Acids

E Rerd
Chester Beatty Research Institute fnstitute of Cancer Research Royal Cancer
Hospital tondon SW 3

That pitustary and adrenal hormones influence the nuclere acid concen
trabion i rat hiver has been shown 1o 2 number of laboratorses notably those
of £11 DiStefano  and kosterlitz {for review see 3) Following hypophy
sectomy the rib acid (RNA)Y d esther in absolute amount
or at least relative to desoxyssbonuclesc acid (DNA) but admumsiration of
growth hormone (GH) prevents this change ' The effect of adrenalectomy
s ssmifar to that of hypophysectomy

These effucts an nuclerc acid levels possibly refiect changes protein syn
thesis a process i which the hondria and especially the
appear to be of umportance? 38 (inrer ahia) Accordingly st was of 1nterest
fo ascertam whether the site of these hormonat effects 1s the mutochondea
the microsomes or the supernatant fraction  In general this wmvestigation
has been concerned with hormonat effects on the yeld and compaosition of
these fractions ag solated by differential centnfugation 1t 1s mdeed sur
pusimg that ths techmque has been extensively apphed i the study of can
©erous changes 1 liver but rather neglected 1n the study of endocrine
1nfivences on normal liver
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Fic 1 Data for female rats {age approx 20 weeks wt approx 250 g)

the only sigmficant effect of GH per se was an merease 1n the yeeld of the
nuclear residue and concomuantly of muclear RNAP Possibly the

homogenates from GH treated sats contained a higher proportion of un
broken cells

The yields of fractions obtamned by differential centrifugation are shown
mFigure 2 No significant effect was obtamed with GH but it 1s of interest
that the yreld of the nutochondral fraction was decreased by adsenalectomy
Recent experiments have established that this fall i the mitochondrial frac
ttont can be revessed by adnumstration of cartisone but cortisone also ele
vates total hiver weight and the yield of the supernatant fraction

No such fall 1 the nutochondnal fraction affer adrenalectomy was found
0 the case of kidney (Fig 3) although 1t 15 of wmterest that the adrenalec
tomuzed rats given GH showed a rise 1 relative kiduey weight and a fall m
e microsome fraction The data do not exclude the possibility that these
effeats are b le to the ad i y alone

Before d g the p of the hver cytop fracttons ¢or
respanding data (Fag 4) will be presented for the second part of ths study
which d { hypoph d rats and also hypophysec
fomuzed rats pven GH usually 0 3 myg /day for 10 days so as to reverse the
growth arrest The rats were males of 2bout 200 g werght and meluded not
only mtact or sham operated controls given the same amount of food as the
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Mecthods

The mvestigation was performed with groups of albino fats kepton
diet generally fed 1n constant amount of which the protem content vas
20% (dry weight basis) The rats in each group usually consisting of fout
rats including at least one control rat were all killed on the same day after
an overmight fast—about three weeks postoperatively 1 the case of oper
ated rats To mmmmize the effect of possible day to-day variations i lech
nigue the data for experimental rats have been expressed in terms of contrd
rats within corresponding groups, rather than drrectly averaged over all the
groups

After perfusion of the liver i1 situ with cold 0 25M sucrose soluties
under nembutal anesthesia a weighed amount of minced liver was homo®
enized 1n this medium? with a Potter type homogenizer The debns ob
tamed by low speed centnfugation was homogenized and centnfuged twie
more The final nuclear fraction (containmg any unbroken cells) adt
portion of the supernatant cytoplasmic fraction were treated with cold
trichloracetic acid solution de fatted and dred for subsequent deter
mination of nucleic acid phosphorus (DNAP and RNAP) by the Schmudt
Thannhauser procedure

Centrifugation of the remainder of the cytoplasmrc fraction for 20 mi
at 12 000 g (maximum value at extreme tip of tube) gave the mitochon
dnal fraction which was washed once Further centrifugation for 90 mt
at 20000 g gave a microsome fraction and a supernatant fraction (Cx)
Electron microscopy kindly performed by Mr F W Cuckow, showed 8

clear cut duff in P between the hondrial and m‘mﬁ
some fractions Each fraction was freed from sucrose by dialysts m the €0 )
against water this a trace of carbonate to prever

the pH becoming acidic ® and was freeze dried the following day

Gross Yields, in Terms of Body Weight

In the first part of this study plateaued female rats of about 250 8
weight were employed to ascertamn the effects of adrenalectomy (with mnmE
tenance on salt) and of a two week treatment with GH at a daly dos¢ o
06mg (Fig 1) Notonly mtact rats but also adrenalectomized rats W¢*
given GH with a view to venfymg that its growth promoting action Wt
quanmalxvely as marked 1 rats lacking adrenocorticoids as m ntact 12
consuming the same amount of food In agreement with data i the lnn'l
ature no mmpairment of the growth response was found 1n the absence ¢
the adrenals even if the ovanes were also removed but nevertheless there
remains the susp that adrenal i ammals may have tissU¢
capable of secreting traces of corticods sufficrent to play a permissive
role 1n the growth promotng action of GH "

As shown 1n Figure 1 adrenalectomy led to a nise n liver DNAP 1Y
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expeimental anumals but also conteols fed ad &b Tt was found that the

, @ifferent controls within each group could be regasded as equivalent n all

]

sespects, sith the possible exception of relatine hver weght In companson
with only the mtact controls fed ad &b the by pophs seciomized rats showed
no merease i liver weight (cf Fig 4) although there was no mdication of
a decrease a5 poted in the laboratorses of L1 and of Gaebler ® The present
findag that hypophy sectomized rats m comparnson with parr fed controls

have an increased ratio of liver weight to body weght 1s n agreement with
data published by Bartlett and Glynn * Howeser on giving GH to hypophy

srctomized tats hept on a restricted food mtake Bartlett and Giyna noted a
devrease mn hiver weight contrary to the findsngs 10 the present study

LIVER COMPOSITION™ data_calculated as §/l00q_body weight
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Fio 4 Data for male rats (age approt J0 weeks wt approx 200g)

The 21l m total hver RNA now observid hypophysectonuzed rats
&ven no GH (Fig 4) 1 1 general agrezment with data m the hteratore
(£ 1) but there was no rse i DNA such as was reported from
B Stefano s laboratory

In Figure § are shown the ytelds of cytoplasmic fracuons from dif
feretial fi In the hypoph d rats gnen no GH as
the adcenalectomized amumals there was a decrease 1 the muochondrsal
fraution Conversely an mcrease m the ancrosome fraction was found w the
Bypoplysectomzed rats with or without GH There was no change 1n the
Yield of the supernatant fraction nor was agy sgatficant chinge found m
theyeldofan ul gal fraction  as obtaned from the sug
2 few expenments by further centrifugation for 90 minutes at 145 000 g
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effect of hypophysectomy n reducing hidney weight was partially although
not completely, reversed by GH No analyses on the hidney fractions for
nuclesc acid or other constituents have so far been performed

It was noted that hypophysectomy affected the relative weights of two
other organs—the heart which was diminished by 10% and the lungs
which were increased by 50% These effects which were not modified by
GH treatment suggest that anilysis of the composition of these organs
would be of snterest

The remaining data to be presented deal only with the liver With the
kind collaboration of Dr A L Greenbaum and Mr T F Slater of Um
versity College London counts were performed under dark ground illum
nation on mitochondnal fracttons freshly isolated from Iner homogenates
(Table 1} ‘The number of particles was not sigmficantly altered by adrena
lectomy or hypophysectomy but a strking increase was observed m hy
pophysectomized rats gnven GH

Table 1

COUNTS OV SUSPENSIONS OF LARGE PARTICLES ( MITOCHONDRIA )
ISOLATED FROM RAT LIVER

Particle Number * as o of that for
Hormonal Status control rats siudied  sunuligneously
(values cale as no /100 g body wt)

Hypophysectomzed 123175 (n =5)

Hypophysectomized 371257 (n=6 P 1%)
+GH

Adrenalectomzed 116 2390 (n=$)

*Mean+se n denotes no of observations and P the prob
ability that difference from controls could be due to chance

Analyses on the Liver Cytoplasmic Fractions
The data for the hypop d rats are ly dered 1n
conjunction with those for the adrenalectormzed rats (Fig 7) The data
for the GH treated female rats whether mtact or adrenalectomized showed
1o notable effect of the GH and wall not be presented here Samples of each
freeze dried fraction were treated with cold trichloracetic acid solution and
then with lipid solvents to extract the Lipid P the residual P was assumed to
be entirely RNAP an assumption which cannot be seriously s error
As shown in Figure 7, the only sigmficant change m ipid P was a dunmu
tion observed i the microsome fraction from hypophysectomized rats given
GH But the RNAP analyses showed some striking changes The RNAP
levels 1 the hondnial and were reduced in hy
b d rats and esp 1n the case of the microsomes n
hypophysectomuzed rats given GH On the other hand the RNAP m the
supernatant fraction was markedly elevated in GH treated hypophysecto-
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In the case of kidney (Fig 6) there was no sigmificant effect of hypophy
sectomy or of GH on the yields of the freeze dried cytoplasmic fractions
The hypophysectomized rats did however show a decrease 1t relatne
kidney weight as previously noted in Gaebler s laboratory ® and ko de
creases in the yields of the defatted nuclear and cytoplasmic residues The
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the mitochondnal fracton but decreased that from the microsome fraction
With GH treatment the yields after aqueous extraction were consistently
fower than with hypophysectomy alone but with adrenalectomy alone there
were no significant changes

Analyses of the 1queous extracts for total N amide N and total P have
shown an elevation of extractable P with the mitochondmal fracton from
adrenalectomized rats and an elevation of extractable N with the micro-
some fraction from adrenalectomized rats given GH Although these were
the only significant effects observed the same tendency o an mncreased

y of hondrial P and of N was evident with all
three studred—ad; 1 y GH 1 mmact rats and
GH t after ad; y No parable analyses have so far
been perf; for the hypoph d rats used in the latter part of
this study

Conclusions

The poncipat findings from the hver studies are summarmzed 1 Figure 9
Although GH can reverse the effect of hypophysectomy n dimmushing the
Mitochondrial yield the fall 1n yeld Iikewsse observed with adrenalectomy
Stggests the mvolvement of ACTH also with an action similar to that of
GH 1t will be recalled that a fall n the mitochondril RNAP
%as observed with hypophysectomy (with or without GH) but not with
adrenal 5 Iy the hondrial RNAP Iculated 1 terms
ofbody werght (Fig 9) shows a marked fall i the case of hypophysectomy
but not of adrenalectomy
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mized rats and in adrenalectomized rats although not mn untreated hypophy
sectomized rats These findings suggest the possibility that the supcml‘“’;;
RNAP 15 affected not only by GH but conversely by ACTH This cﬂcclm:
GH 15 not exerted predommantly 1f at all on the fraction 1solable from
supernatant by ultracentrifugation

So as to obtain aqueous extracts sustable for study of the proteit cﬂml"”‘d
tion by paper electrophorests portions of the mitochondnal microsome and
ultracentrifugal fractions were treated with » butanol at room tcmpcral\n:b
and the residue extracted with borate buffer (Fig 8) With regard to the
electrophoretic analysis of these extracts and of the supernatant fmcnz]ﬂi
I need only say that crude compansons of the protein patterns s TeNE: ::
by finally dyeing the filter paper and elutmg the proten bound &€ h“;[
shown no consistent hormonal effects on the protemn composttion of any
the cytoplasmic fractions This aspect does however warrant a mﬂnh::h
fined study which should include analyses for nuclerc acid the bulk of %
ran zhead of the protem under the electrophoretic conditions employ
(PH83) .

Some interesting hormonal effects have emerged from the actual eYtr
tion data (Fig 8) In the case of the mitochondrial and ullmcenmfu;1
fractions the yield of residue from the butanol extraction was shightly dunhal
sshed 1n the hypophysectomized rat given GH, a finding which suggests tmy
the lipid content of these fractions was elevated Moreover hypoph)stdﬂ

increased the yield of water insoluble residuc from the further extracton ®

" ~
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fectomy have no significant effect on the patticle number but that admuinss
traton. of GH to hypophysectomized rats leads 1o an ncrease greatly ex
ceeding that n the weight yield 1t would appear that there 15 a pruntary
bormone other than ACTH which has an action converse to that of GH
on the patticle nurber 1n the nutochondesal {raction

Some pitwtary hormone other than ACTH may likewise influence the
yeld of residue obtawed on aqueous extraction of the microsome fraction
Here there 1s a fall after hypophysectomy which 1s actually enhanced by
GH but no fall after adrenalectomy But tn the case of mutochondnal ex
yactabiiity GH could be the only factor concerned since the decrease m
extractability after hypophysectomy can be reversed by GH

The complex picture emerpng from these vanous analyses is not readidy
nterpretable especially in relation to cutrent views on protesn synthesss
which s held ta occur particularly 1a the microsome fractiont 3 € Qnrer elia)
and to depend 1n some way on RNA®Y (anter alia) and possibly on phos
phohpids ' If admsnstration of GH to the hypophy sectomized rats tndeed
fed to incrensed protewn synthesis 1 the tver—a conclusion admuttedly con
trary to that suggested by Bartlett and Glynn —then one could reasonably
have expected such treatment 10 elévate bver RNA and this to be found 1
the rucrosome fraction The contrary 1s the case for it 15 m the supernatant
raction that we find an wncrease m the mitochondral fraction and m the
whtracentnfugal fraction  there 15 9o marked merense while 1n the micro
some fraction there 15 defimtely a decrease It 1s true that n studying protemn
synthesss Siekevitz® found 1t advantageous to use an  ennched  microsome
fracion ssolated pH 5 This pH § centnfugation it contrast with the ultra
centnfupation now performed leaves no ENA n the supernatant and one
wondess if 1 entails aggregation of matersal which was scarcely particn
late ¥t would be unprofitable to discuss the defimtion of the term  micro
some  Ewidently it 1s by no means proved that the shifts m lner RNA
now observed have some sigmficance unconnected with changes i protemn
synthesis

The gbsence of changes e phospholipid concentration other than a
decrease 1 the microsome phospholipid i GH treated hypophysectomized
1ats 15 10 general agreement with the findugs reported by Geschwind I
and Evans'4 for whole liver The rate of incorporation of P a0 hiver phos
pholipid 15 however known to be reduced by hypophysectomy and restored
by GH 34 It would clearly be of mterest to know i which cytoplasmic
fraction or fractions these metabohe changes occur

Clearly there 15 a need for further study of hormonal nfuences on rat
hver wth to the d and also the composition
and metabolic tornover of nuclere 2cid This study shonld melude nuclear
RNA since this has 2 particularly high turnover rate and since spectro~
photometric studies® have shown that the effects of hypophysectomy and of
GH ace exested on nuclear RNA as well as on cytoplasmie RNA
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With the microsome fraction the net effect of the nse m yield and falé
m RNAP concentration following hypophysectomy 1s that there 1 n:
change 1 total microsome RNAP 1 terms of body weight Butin the ca;
of hypophysectomized rats given GH the fall 1n microsome RNAP C°“°: o
tration outwerghs the nise m microsome yield so that there 1s an z«ctlmlh "
1 total microsome RNAP No consistent effect of adrenalectonty 35
emerged from the few analyses so far performed with microsome fractll;:ﬂm

The total RNAP 1n the supernatant fraction 1s markedly rased bo .
adrenalectomized rats and in GH treated hypophysectomized Fats .
absence of any change in untreated hypophysectomized rats 1s readly € s
plicable if the RNAP of the supernatant fraction 1s mfluenced m n:omer;C
directions by both GH and ACTH But 1t 1s paradoxcal that r:mnsn}|e
given to adrenalectomized rats tends to increase rather than dimenish tcd
supernatant fraction RNAP Reference should be made to results obt:gﬂn
by Lowe and Williams 1« who subjected the livers of cortisone treate lc
tact rats to differential centnifugation in saline In these rats given cumsunc
acetate at the heroic dosage of 25 mg /day there was virtually comP“*e
deletron of mitochondna and microsomes or at least of the RNA 1 thc;c
fractions On the other hand there was a marked nise 1n the RNA Qlfh'm
supernatant fraction and particularly of the ultracentrifugal fraction bt
fesults may be of no phystological significance but are of mterest 28 &'
ing an effect on the supematant fraction somewhat simlar to those
observed 1m adrenalectomized rats with or without low cottisone dusgs "

"The mitochondnal counts have shown that hypophysectomy and adre!
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Mr James Salter has been domg m my laboratory and (2) aspects of the
work which Dr Otakar Sireh another of my graduate students has just
completed

Dr Lukens has already referred to the effect of nsulin on completely
hypophysectomized rats and to the two papers which have been published
from our laboratory on this subject After a very brief review I will mention

S

.—:;
[ X

Fio 2 The ph graph on the left a sechon of the epiphyseal
disk from the tiia of an untreated hypophysectomized rat Cessation of growth
1s indicated by marked narrowtny, of the disk and by the extensive replacement
of the metaphysis with marrow

The photoricrograph on the nght shows the simulatmg effect of msultn on
bone growth in the hy rat The epiph disk 15 much wider
than that of the control and shows a marked increase i the number and size of
proliferating cartilage cells In contrast to the control the metaphysis 1s wider
and good bone growth 15 evident upon the degenerating carttlage spicules (See
also Salter J M and C H Best Brir Med J 2353 (1953) )
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DISCUSSION
Growth Hormone and Energy Sources
Designated Discussion

CHARLES H BEST (Unnversity of Toronto} For this ten minute dxscussx(:
which I am hsted to give I have been uncertain whether I should comme! .
on the pres1ous papers or introduce some new materal Fashton favour

h

latter course and I will attempt a brief description (1) of the work whl
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UNITS OF INSULIN "

Fic 1 Weight changes 1n a hypophysectomized rat induced by the 3:;)3;; A

munistration of nsulin The weight of the ammal remained constant Drabetes

five month period prior 1o insulin treatment (See also Best C H

1266 (1952) Salter J M and C H Best #rit Med J 2353 (1953))
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only much heavier but 1t 1s actually Jonger The mcrease in weight and size
of the ammal 15 quste obvsous and 1t has been shown 1 comparable animals
that thus 1s due to an increase in fat protes and water content of the body

Iwill turn now to more recent work Mr Salter who 1s here today has
been working on Houssay rats 1e  completely hypophysectomized ammals
which have subsequently recenved farge doses of alloxan There was a pre
hmmary loss sn weight and these alloxanized ammals were constantly gle
cosuric 1n sptte of the absence of the pitutary After five days $§ anumals
were given insuhm alone 5 were given growth hormone tn doses ranging
from 100 to 300 gamma per day and another group of S acted as controls
The msubn treated anmimals began fo gam weight and the slope of this
weight gun increased as the dose was augmented No increase 1 the weight
of the growth hormone treated anumals resulted unti? they recewved insulin
as well as the growth hormone and followmng this ze  after the eleventh
day there was a steep nise m body weight The rate of gam was a httle
faster than the wsulin treated ammals exhibited at this particular phase
Both groups of ammals were recerving the same dose of msubn e the
dose of growth bormone at this stage was superimxposed on that of the
msulw which the other group recetved

Another point which may be d 1s that hypoph d rats
when miven thyroxin ncrease 1n wesght The first reference ta these obser
vauons of our laboratory was made by Professor Leblond some six months
380 1n Endocrinology The detatls have not been published yet but 2 paper
by Salter and Melgaard will go to press 1 the sear future The first report
on this positive findmg with thyroxm m bypophysectomized ammals se
the first convincing positive report was made by Scow m a recent number
of Endocrinology Qur findings are essentially sumdar This gaim 1 weight
with thyroxmn 15 due fo an mcrease of all the body consututents 1e  fat
protein and water and there 15 a defimte mcrease 1n the width of the epiphys
¢at e Professor Evans and Ius colleagues have already shown a marked
synergism between the growth effects of thyroxin and pitustary growth hor
mone ag aspect which Dr Geschwind discussed yesterday In the three
groups of ammals the greatest imcrease i werght 1s 1 the mnsuhn and
thyroxin group the mtermediate group 15 nsulin thyroxin and cortisone
the group which shows a shightly smaller mcrease 1s the one with wsulin
alone Interestingly enough the food mtake of the group recerving msulin
thyroxn and cortisone 1s considerably greater than the ones seceving 1
subn and thyroxin although the growth rate of the latter was appreciably
greater The rats treated with msubin and thyroxin synthesized proteis at a2
very rapid rate as judged by the total body protemn The average mcrease 1
total body protesn of these hypophysectomized ammals over the contyols
Was approumately 8 grams m the fifteen or stxteen days of the expenment

The work which Dr Otakar Swek has been doang under my general
supervision dunng the last three years may be summanzed very bnefly as
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some of our more recent findings In Figure 1 the growth curve of a con
pletely hypophysectomized rat 1s shown The amimal had been hypophysee
tormized several months prior to treatment and had not grown at all The
slide 15 shown to dispel the illusion that a profound smcrease 1 weight doss
not result when insulin alone 1s given to a completely hypophysectomied
amimal In three wecks this ammal almost doubled its weight The merease
w width of the epiphyseat cartilage 1s shown i Figure 2 where the width
1s almost twice that of the untreated control amimals The figures for miro-
gen retention have been published and need not be mentroned 1 detar here
In Figure 3 1 control 1nd test rat both hypophysectomized are shovs
above and below on the right the msulin treated ammal This ammal » ot

of
Fic 3 The upper . show two d hypop d rats
e same size and weight
th The two lower photographs show the same ammals 30 days later Durig fil:::
latter period the rat on the right has received daily mnjections of protamineé
nsulin and shows 2 marked mncrease 1 weight and size
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m stmulating the ovidation of carbohydrate but the energy thus made
avarlable 1y used m part for anabolic purposes It restores growth to the
young dbetic orgamsm just as thyrord h for example )}

ths process i the thyrowdectonuzed anumat There 1s an abundance of data
suogesting that one of the actions of somatoteopsn s to directly of spduectly
Iberate tasulin Considerable funther suppact fos this mechanism probably
wil be provided at this meeting I was not copvinced by Dr Lukens sugges

t10n that the action of insulm s transient Jt conld be that the effect of sugar
on the bberation of msuhin 1s a transient one while the effect of growth hor

mone on the same system 1s Jess tronsient Whatever the answers 1t 15
abuous there is a great deal to be learned of the interactions of the vanow
growth hormones
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follows He hns been studying depancreatized dogs 1e  ammals from wheh
11l the pancrens has been removed Thesc dogs arc treated with msulm il
they re 1n good shape at which time the insulin 1s withheld for 24 ol
hours and the response of the antmals to growth hormon s and to n et
to the two together 1s measured The blood sugar and blood amino sl
have been followed In drabetie dogs 24 hours without insulin the prowth
hormone m1y produce a rise or 1 fall n blood sugar and the direction of
this seems to depend on the il leve!l of blood sugar Tt will be appe
ciited that the level of blood sugar 24 hours after insulin 1s withdrawn ¢
be readily controlled by the amount of msulin given on the previous day
When the blood sugar on the expenmental day 1s high 1¢ well dbore ¥
mg percent there 15 a significant fall following the admmistration of growth
hormone When the blood sugar 1s selatively low there is 2 rise 1n the Jd
after the administered growth hormone These findings are i extenson of
those of our friend de Bodo The amino acid content of the blood of the
ammals consistently falls irrespective of the level of the blood sumt
Dr Swek has found that the nise i blood sugar can be completely efm
nated when the adrenergic system s blocked by dihydroergotamta® Thest
findings mdicate thercfore that this carly nise 1s associated with the action
of epinephrine It will be bered that i the normal dog growth o
mone does not cause any rapid change in blood sugar level but the blood
amino aud concentration falls In diabetic dogs 72 hours after the Jast do<e
of msulin growth hormone produces a much smaller fall n blood sueat
level and no change in that of the amino acids If these duabetic doos ¢
pre treated with growth hormone (the dose has always been 12 mulhorams
per kilogram of body weight and grven 1n two 1mjections) there 15 no chan®
1n both blood sugar and ammo acid concentration 24 hours after the } st
dose of insulin A fourth port 1s that ammals given msuln 24 hours aftef
the previous dose show a fall in both sugar and ammo acid concentrations
as would be expected 1f given growth hormone they have 2 £l m the bl
level of sugar and amino acids But the pomt we wish to make here 15 that
1f the growth hormone 1s added to the dose of msulin 1€ the two g0vét
together there has not been any augmentation of the effect pmduccd b
either substance alone

The general conclusions from this work are that a certamn amount of
residual mnsulin 15 necessary for the protemn anabolic effect of growth h‘"r
mone as judged by the fall of blood amino acids and for the uttlizateon o
sugar as Judged by the fall in blood sugar Dr Sirek will contnue with ths
type of work on Houssay dogs and Mr Salter will concentrate for a time O
the growth effects of the various hormones 1n Houssay rats ¢

Insulin 1s one of several growth promoting hormones It has a vaneiy'0
anabolic effects which favour the synthesis of protein fat and carbohydra¢
1t stimulates the growth of bone epiphyses (as Dr Honor Fell has told HS‘
and of cells 1n the chick heart explant (Dr Leshe) It hasa catabotic effe
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“in stimulating the oxidation of carbohydrate but the energy thus made
available 15 used 1n part for anabolic purposes It restores growth to the
young diabetic organism just as thyroid hormone for example reestablishes
this process n the thyroidectomized ammal There 1s an abundance of data
suggesting that one of the actions of somatotropin 1s to directly or indrectly
Iiberate insultn  Considerable further support for this mechamsm probably
will be provided at this meeting I was not convinced by Dr Lukens sugges

' tion that the action of 1nsulin 1s transient It could be that the effect of sugar

' on the liberation of msulin 15 a transient one while the effect of growth hor
mone on the same system 15 less transicnt Whatever the answers it 1s
obvious there 15 a great deal to be learned of the interactions of the vanous
growth hormones
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General Discussion

RENNTTH crispetl (University of Virpmia School of Medicme) Dr
Willinm Parson Dr Guy Hollifield and I have been using the N** tagged
glycine technique as described by San Pictro and Ruttenberg to study amno
1c1d metabolism tn patients with vanious types of endocrine disorders Th
1s the same techruque that Dr Bartlett used in hus dogs

We first studied four healthy medical students on a standard metabdlc
regime nd found the size of the amino acid pool to average 12 mg o
nitrogen per hg body weght (range 10-17 mg ) and the proten synthess
rate to average 780 mg of mtrogen per kg body weight per 24 hours (rangt
610-970 mg ) Data from this study arc shown in Figure 4

We then studsed a 20 year-old pituttary dwarf This boy at age 8 %8
operated upon for a suprasellar tumor and a large mount of pituiary Ussi®
was removed This dwarf had not recersed hormonal therapy at any bm¢
and was nether perceptibly growing nor matuning

Dr Maunce Raben hindly supplied us with a growth hormone prepart
tion from his laboratory Alter a two week balance period 1 which the ds
was 1n nitrogen equiltbnium on a diet containing one gram of proteis Pf
kilogram of body weight he was given njections of growth hormone 20mg
every six hours for six days

Figure 5 will bring out the following points

1 The growth hormone altered mitrogen balance somewhat erraticaily
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However dunng the six days of growth hormone there was a total nitrogen
(N) retention of 2 0 g as compared to the six day control pertod

2 There was no evidence of adrenal or thyroid sumulation at least as
could be determined by increases 1n 17 ketosterord excretion 1n radicactive
todine uptake or in basal metabolic rate
3 There was no glycosuna at any fime he was recerving growth hormone
4 The N studies were carried out in the control peniod and during the

of growth | as d on the chart On the ‘tag

day while the pattent was recewving growth hormone 1t will be noted urmary
N was the same as on the tag day during the control pertod Actually on

J

PROTEIN SYNTHESIS RATE-"S
mgN/Kg/24hrs
mgN/Kg/24hrs CONTROLS DWARF
1200

Growth
Hormone

1000

800

NN\

A\

2
400 é
Un';/eund %
200 é g
LG GH Sa AS AS
METABOLIC POOL—P
mq N/KQ
mg N/Kg
20
Horomdne
10 b
Untreated g
%
O3t oM sA - AS A5

FiG 6



254 HYPOPHYSLAL GROWTH HORMONL NATURE AND ACTIO\S

the tag day of growth hormone administration the patient was i pegatae
balance because nauser prevented him from taking the bedume feedime.
As you see his 24 hour int ke decreased

In Figure 6 1s shown the markedly decreased synthesis rate as me
natrogen/hg /24 hours for the dwarf as compared to that of the ormals.
The size of the metabolic pool 1s nlso markedly decreased Note that 2%
the administration of growth hormone to the dwarf there was a matked
Increase 1n protein synthesis rate and 1n the size of the metabolic pool Ths
was not due to any alteration in the size of the urea pool which waste
same on both occasions
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Now as seems to be the order of the day we have demonstrated on one
occasion the growth hormone effect but have fmled in the next three
attempts  Since this first patient we have studied another with pruntary
dwafism a pavent with hypoadrenalism and diabetes mellitus and finally
2 patient with hypopituitanism due 1o post partum pitustary necrosis The
fast patient was studied while <he was bong mamtained on cortisone In
none of these patients have we been able to show any ewdence of growth
hormone effect either by classical mtrogen balance methods or by this
ssotope techmque However we have not fost faith completely and will con
timue 1n our attempts to show that growth hormone can produce changes
which are measurable by this techmgue

Next one mught ask why should we use this complhicated technique 1f 1t
does not give any more infotmation than can be obtained from the classical
ritragen batance stuches We feel that similar ssotope studies 1 patients
with myxedema have gven information not supphed by the more trady
tional batance studses Four patrents with 1dvanced myxedema were found
to be shightly in mtrogen storage when the usual balance techrique was
employed yet all four patents were found to hme decreased protem
synthesis rates when thewr data were compared to those of the controls (see
Fig )

We have recently completed similar studies on one of these patients 1n
whom the euthyroid state had been obtaned by the admnstration of
L triodothyronine There was a profound change in the synthesis rate from
4 pretreatment level of 350 me of mtrosen kg /24 hours to a treatment
ferel of 1300 myg /kg /24 hours

Pethaps this notopic techmque will prove to be a way by which the
overall proten synthests rate for the whole orgamism can be studied We
feel that st warrants contmued study

ERNEST kNopit (Harvard Medical School) I would hike 1o continue in
the frame of reference 1muated bv Dr Wilhelm In Jus paper of yesterday
he fustrated quite plamnly cestain species differences with respect to the
fesponsiventess to a g wven prowth hormone preparation To be more speaific
he mentioned the fact that the fish responded to both fish and beef growth
hormones white the rat responded to beef growth hormone and not to that
of fish Dr Greep and 1 have studied the effects of growth hormone i nor
mal and hypophvsectamized rhesus monkeys We have admimistered various
&rowth hotmone preparations chromcatlv at the rate of 5 mg per kg per
day over prolonged periods of ime We have studied also the acute effects
of sntray ty ad d growth h To make a fong story very
short we have been unable ta demonstrate any growth promoting effects 1n
beef or pig, prtustary growth hormones when the preparations were admm
#s'ered to esther normal or hypophysectomized monkeys over a peniod of
several weeks Likewise we have been unable to demonstrate uneqtuvocal
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changes 1n blood levels of amino acid nitrogen non protein mtrogen 5“:5
cose morgamic phosphorus and other blood constrtuents In Fugure "
illustrated one of our chronic expeniments 1n a hypoph)sectomxzed ?:;:y
monkey The mmtial NPN levels m this particular antmal were Jow an o
were unchanged by 5 mg per kg per day of an Armour beef growmdno!
mone prepared by the Withelm: procedure Amino acid nitrogen also dxam
change sigmificantly duning the course of hormone adminstration The v o
tions during therapy were within the Iimuts of normal day to day Chaugech
observed m our amimals Inorganic phosphorus levels remaned ‘maﬁcce o
as you can see Body weight certamly was uninfluenced by this ccuf:m
growth hormone admmustration In Figure 9 1s demonstrated the cﬁlchc o
very large intravenous dose of growth hormone 1n two normal anes : o
monkeys which were studied over a pertod of some 8 hours In this € tpany
mental procedure growth hormone (the solrd hine) did not bng abo": p
greater changes than were observed 1n the control ammals given an ¢d

yolume of salne Werealizedthelimutations of thistype of an expenment and
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decided to 1dminsster intravenously an amino acid mixture casein hvdroh
sate In Figure 10 are shown the effects we observed when casemn hydroly
sate (Amgen®*) was admimistered ntrivenously to an antmal pretreated
by growth hormonc (the solid Iine) while a control animal recened an inirz
venous injection of an equal volume of siling (the dotted line) Tt will'b
noted that the blood amino acid mitrogen rose to the same level i both
amimals  Unexpectedly however the blood amino acid mitrogen concen
trations tn the growth hormone treated ammals took a longser wme o
return to norm1l levels than did those of the control 1mmals In Fucure 11
are shown our observations on blood morgame phosphorus levels and
effect of large doses of intravenously adminsstered prowth hormone Mo
significant differences were observed between the growth hormone treated
anmm tls (solid line) and their controls (dotted hine)

In considering the sigmificance of data of this hind one must keepin mund
some of the things which Dr Wilhelm: said yesterday There may be shaht

EFFECT OF GROWTH HORMONE ON BLOOD INORGANIC PHOSPHORUS

20mg 7Kg 1V
{ARMOUR LOT No R491017)

& A sirse
R e

-/—VF'VW

22358

ar8r34
LN
P -

TN 30218

s

>

PSS
35 106 150 260 30 306 350 05 30 500 340 €00 60
TiHE — MINUTES

Fig 11

——
* Glucose free



ENERGY SOURCLS 259

chemical differences n the molecular structure of the growth hormene from
the several species In addition there may be species differences with refer
ence to the responsivencss to a certun growth hormone preparation We
are now 1n the process with the Lind cooperation of Dr MceGinty of Parke
Davis and Company of 1cquinng Iarge numbers of monhey pitwitary glands
It 15 our hope that we cwn ssofate enough monkey growth hormone to
permit a repetition of these studies 1n a more durect attack on this particular
problem

PHILIF BONDY (Yale Unnersity School of Medicine) There are one or
two pomts 1 wish clanfied 1 am not very familiar with the sotope tech
niques which Dr Bartlett and Dr Crispelf used but 1t 1s my mmpresston that
the onginal mathematics proposed by Drs Sprinson and Ruttenberg which
later were extended by Dr Hoberman assumed a steady metabolic state
Now Dr Crspelis obscrvations on normal persons and Dr  Bartletts
observations on  platenued dogs would fit this situation 1 am not sure
however whether the observations on ammals changing rapidly durnng
starvation or after the admimstration of growth hormone are susceptible
to the same tvpe of mathematical analysis Would one of the authors be
willing to briefly indicate whether of not this question has been raised m his
mmnd? The other question 1s 1n regard to the changes mn flud volume of
ammals under treatment with growth hormone Dr Dougherty has already
shown that there are changes of probably considcrable degree m the blood
volume of at least some ammals recetving growth hormone It occurred to
me that some of the concentration changes discussed by Dr Bartlett might
have been due m part to ths action of the hormone

PAUL BARTLETT In respect to your first comment about the possibility that
some of our conditions were not truly steady metabolic states I can reply
that we were well aware of this pomt before we made our expenments
We attempted to get the ammal at what would correspond to a steady
state 1n respect to the effects of growth hormone 1e we waited until the
4th or 5th days of growth hormone sumulation In our previous mvestt
gations with the normal adult dogs we had found that if we continned the
admuustration of growth hormone beyond a 5 day period the ammal
myartably would start losing, the mitrogen which 1t had stored Accordingly
we feel that the ammal at the 4th or Sth days has attamed so to speak a
fiew steady state 1n respect to protein synthesss ammo acid cotabohsm and
the size of the mtrogen pool

Now m respect to your second question concerming changes i flmd
volume 1 must say we have not made measurements of piasma volume 1n
these ammal  We have followed the hematocnit on occasion and m the few
studres there were no marked changes You may recaf perhaps that on the
shdes used in my discusston of the size of the urea pool data were presented
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which concerned the size of the urea space and total body water as deter
muned by the procedure of San Pretro and Ruttenberg In these studies we
found m one animal a shght decrease 1n total body water while 1n the o'
two ammals a shght increase We were unable to draw any sigmifan
conclusions from these data

While [ have this opportumity, I would like to make a few comments In
connection with some of the papers which have been presented Lest you g0
away with the impression that we observed a decrease 1n liver weight mall
hypophysectomized ammals during growth hormone treatment 1 will hasten
to say that these were expenments with pair fed ammals That 15 we
observed this decrease n liver weight of ammals which were hvpophysec
tomized, treated with growth hormone and pair fed with the untreated
ammals Therefore, their food mtake was greatly restricted In these some
ammals we observed an increase n the muscle mass particularly that of
one isolated muscle, the tibiahs anticus Our explanation was that the
ammal was restricted 1n food intake and had, therefore a lumited supply of
the anuno acid building blocks necessary for protemn syntheses I beheve it
has been demonstrated repeatediy that muscle ss the chief site of prote
syntheses in both the hypophysectomized rat and the adult normal 1at
treated with growth hormone Accordingly I think it 15 well for all of us to
take into consideration when we are measuning some metabolic component
whether or not an organ weight 1s increasing at the same time In view of
the well known observation of Addis and associates that the liver will brezk
down its substance to supply amino acids for other sites of greater metabolc
demand, 1t seemed likely that this was the explanation of the results in 0U
experiments

The other comment which I wish to make 1s 1n connection with the $12¢
of the mtrogen pool In my presentation I purposely avorded mentioning the
results of our rat work 1n view of the ime limitations and prescntcd only
the results of our dog studies There 15 other evidence which seems to 5uP
port the 1dea that growth hormone produces an ncrease in the metaboltc
pool of nitrogen and that this takes place cluefly 1n muscle I am refern?s
to our data 1n a study of hypophysectomized rats treated with growth hor
mone In this study of some years ago we determined total free amno acds
and glutamme 1n the tbialis anticus Total free ammo acid mirogen
i this particular muscle was elevated and glutamine anude mirogen Was
decreased during the penod of mitrogen storage mduced with growth
hormone

BERNARDO A HOUSSAY (Institute of Biology and Experimental Mediciot
Argentina) In the hypophysectomized rat folic acid and vitamin B}:t
enhance the action of growth hormone on the body weight and on the weig!

of lwer, kidney and many other organs The action of folic acid 15 mOre
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marked than that of vitamin By, When folic acid or vitamn B, are given
alone there 1s no such action

In respect to Dr Russell s paper I would like to mention that hypophy
sectomy 1t dogs cats and rats results in an impaired retention of nitrogen
On this pownt there 1s general agreement However the catabohism of rats
and dogs 15 different under vanous conditions They are able to catabolize
amno actds quite eastly the amuno acids which come from digestion are
utlized well When there s a need to mobilize their own protein however
there 15 a real difference In the fasting rat there 1s an increased catabolism
of protemn while 1n the fasting or diabetic dog there 15 a defimte lowering
of protem catabolism Then I must emphasize the difference wn the hypophy
sectomuized dog between utilization of amino acids which 1s normal and
the mobilization of protemn which 15 impaired

JANE RUSSELL  Thank you Dr Houssay for brnging up these observations
which Y remember very well There is one pomt concerning the rate of nitro~
gen catabolism 1n the hypop d ammal which I didnt mention
this mormung but which T think many of us recall It 1s that atrophy of the
adrenal cortex and thyroid are present some little time after hypophysec
tomy Now if the fasting mtrogen of the hypoph d rat
1s measured some 2 or 3 weeks postoperatively one finds a slowing down
of the mirogen catabolism and an impairment of protemn mobilization as m
the dog Dr Houssay described The conditions to which I was referring
this morming were those of the immediate postoperative period They were
deliberately chosen so that this factor would be relatively less important
and under these conditions we can see the opposite effect of growth hormone
fack on mtrogen catabolism

There are only two points mn connection with other papers which I wish
to discuss Furstly Dr McHenry pomnted out that there are theoretically
only two ways 1n which mtrogen retention may be brought about in respect
to energy soutces 1e esther by an increase 1n the supply of energy for the
purpose of nitrogen retention or by a decrease 1n the rate of catabolism
through a change 1n metabolic efficiency so to speak There 15 another way
which Y think we should all remember This was pointed out very well n
some data of F G Young which concerned the relative caloric value of
protemn 1n tissue and of fat n tissue The caloric value of protem itself as
we all know 15 about 4 calories per gram but tissue proten which 1s always
laid down with water to an extent of some 3 or 4 times 1ts weight has a
caloric value of about 1 calone per gram of wet tissue The calonic value of
fatty tissue 15 very nearly that of fat itself some 8 or 9 calories per gram
50 that the oxidation of 1 gram of body fat would permit energy wise the
faying down of 8 or 9 grams of tissue contaming protein and water 1n the
usual proportions Thus there need not be any change 1 the food intake
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or 1n the metabolic efficiency to allow an ammal on restricted food intake
to gun weight under the influence of growth hormone

Another point concerns some of Dr Bartlett s observations as they relate
to my own He used some figures denived from Hobermans calculations
on isotope excretion to ndicate a change 1n the rate of ammo acid catabo-
lism I think that was his mterpretation The figures relate to the per centof
the nitrogen pool which 1s catabolized per unit tme In the demation of
these cquations Dr Hoberman assumed that the catabolism of amino acids
was 2 first order renction with respect to the size of the nitrogen pool and
accordingly he compared the & s the constants of ths first order reaction
in vanously treated ammals There 15 no cvidence however that the
catabolism of ammo acid 1s 1 first order reaction with respect to the mtrogen
pool In fact some data of Sprinson and Rittenberg n their study of normal
rats fed different amounts of protein indicate clearly that this 1s not the
case Accordingly one cannot Tt the ratc of gen catabolism 253
fraction of the total mtrogen n the metabolic poo! Thus fraction 18 nothing
more than the ratto of the mtrogen excretion rate to the nitrogen pool and
either one may vary independently With thus i mind I think that these
calcultions have little validity m interpreting the rate of amino actd catab-
olism The effects of growth hormone on amno acid catabolism are evident
in the drop 1n ure1 formatron and excretion but dimimished nitrogen excre
tion does not tell us that growth hormone slowed the catabolism of amino
acids per sc or that it altered either the breakdown or synthests of protein

As one final pomnt 1 wish not to leave the impression that I thoueht
msuhn had nothing to do with mtrogen retentton or with growth hormone |
certainly did not intend to imply that Very clearly 1t doss have an effect
There 15 a difference however between the action of msulm and that of
growth hormone 1n the expeniments which we and others have pcrformtd
This difference 1s that insulin always requires the stmultaneous admin
1stration of carbohydrate to bring about its effects Large amounts of msulin
have been gtven i certan of the experiments which have been descnbed
particularly 1n those of Dr Best The addition of carbohydrate 1s one of the
things on which the action of nsulmn 1s contingent On the other hand the
action of growth hormone does not require more carbohydrate than the
ammal can make available from endogenous sources If we recall that differ
ence we are not 1n disagreement as to the relative importance of snsulin and
gm\\th hormone I nitrogen retention

pauL BARTLETT The point raised by Dr Russell concerning the relation
ship of the rate of nitrogen catabolism (as represented by nitrogen excre
tion) to the size of the nitrogen pool 1s certamnly mmportant It 1s indee
true that 1f ratios of the total urinary mitrogen excretion per 24 hours 10 the
total size of the nitrogen pool are calculated variations over wide range are
obtamed On this basts as Dr Russell has indicated the rate of nitroze?
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) {as ted by ) 15 not divectly propor
tional ta the size a( the agtrogen pool
Recently San Psetso and Riteaberg have shown thit the rate of exeretion
of urea from tiie urea pool 1s a rate determmng step wheh must be taken
into consideration m the evaluation of the size of the metabohe pool of
nstrogen Values for the size of the metabolic pool of mtrogen which were
determined for rats manimned on diets of varxous mizogen content were
actually sonte unknown combinaton of the mitrogen pool and the urea
poal In order {0 claafy the question rased by Dr Russell concerning the
groportionality of the rate of nitrogen catabolistt to the size of the mitroges
pool the expeaments on rats receiving diets of varying mitrogen content
should be reperted and the size of the metabohe pool of mtrogen be
re-cvaluated m terms of the hnetic refinements descrbed by San Pietro and
Rttenberg

T LEVITY Asaresult of this discussion I am shehtly perplexed Are we fed
1o believe that there 15 one compreh prowth b from
the prtuntacy ang affecting endocrme target organs he thyroid pancress
etc or are we 10 understand that these target endornne organs may ajso
preduce growth hormones? 1 seel. enlightenment on this problem

F D w iukens Dr Levist we recogmze that there are mony hormonal
factors which mffuence gronth and we are struggling 1 a rather begnher s
Toshion as Isce it to put them alf together Now pstuttary gfowth hormone
15 2 very potent agent bur nt doesa t ack alone on an Bokaed tissue or on
one which hs been deprived of ol other hormones and Rutrtianal factors
The mtegration of these thungs as Dr Weiss ponted out previously 15
practically the whole Geld of biclogy We are just touctung on a few items
i that balance account of which he so graciously spoke

While 1 am here I ymight ask two guesnons  Thus problem of speces
&iffs 15 atways 3} ) research Since e rat 15 so
often used tn our studies § wou\d ke to ask whether anybody here and
paricularly Dr Withelnu  krows of the growth hormove conteat of the
@t ptuttary It would make some differesice as fo what hind of a substrate
this creature was Secondly ! would like to ash Dr Best whether he has
any cammends on this following observation We could demonstrate a large
uubzatson of gluvose by giving 0 5 wost of snsuhn to Houssay cats which
weighed more thar 2 hilograms while his (Dr Best) dose of msuhn went
Up to 3 unns per rat If we arbitranly accept 260 grams as being the rat
waght and put alf these figures together  appears that the hypophysecta
frazed rat 15 60 times as resistant to mswlin as o the hypophysectomized cat
Now that background may hove some real beapmg on the remarhable
behavior of the hypophvsectomzed rat 1o msuln for it ss zesponding to
a much larger dose of subn than we can use n the cat




264 HYPOPHYSEAL GROWTH HORMONE NATURE AND {CTIONS

ALFRED WILHELMI I am afraid there isnt any answer to the queston of
how much growth hormone there 1s 1 the prtustary gland of any speaes In
order to find that out we need only to refer back to the first mornug and
the remarks about the many factors which can terfere with the assay of
growth hormone 1n mixtures especially m crude muxtures Until we have 2
sensttive method and one which 1s indufferent to the actions of the other
principals likely to be found in the prtuttary soup (which would have tobe
used for the estimate 1n the whole pitustary), we must reserve our answer 0
this question I hope that we wall find such a method for then we can begm
to make proper and accurate compansons not only between the piaiancs
of different specics, but also between the pituitaries of animals of the sane
species at different periods of their lives

CHARLES BEST There are two or three pomnts I might mention Dt Renshas
from our department has made some calculations relating to the ust of
pes 10 d disequilibrium which are rather interesting Dr Bondy
mught wish to look these up 1n the physical journals Dr Renshaw obtamed
tus Ph D 1n mathematics and physics at Yale as a prelumnary to tackling
physiology in Toronto There 1s a lot more fun working on problems of
dynamic disequilibnium than always trying to get a steady metabolic state
1 should thank Dr Russell for her comments There 15 no difference 18
our conceptions of the relative actions of these various growth promotine
hormones
I have no further comments on Dr Lukens work I was trying t0 search
out some pomt of disagreement and to stmulate him to say something more
about the Liberation of 1nsulin by carbohydrate and by pituitary growﬂl
hormone
Dr Honor Fell s work on the width increase in the epiphysis of bone was
performed mn chicks and not in rats so there 1s another species 11 which
these changes can result from adding msubn to the medim I was thinking
that 1f you had to restrict the bone substrate in the way that it 15 sometimes
suggested we restrict carbohydrate intake of the hypcphysectomlzed animals
those bone cultures wouldn t grow either It seems unsound when you are
ustng msulin to consider restricting the very substrate which it pﬂmf’“‘y
uses

oscAR RIDDLE In view of these very important statements concerning 15
role of msulin 1 growth and mn view of what has been said this morning
and perhaps yesterday which I didn t hear about differences n the acll(:g
of these growth hormones on various species, there 1s somethimg furthet

be said about the action 1n another species of stul another piturtary hormone
which acts both on msulin and on growth I ask you to remember some
work which was published from our laboratory regarding prolactin which 'l’n
the pigeon will produce more growth than will any other hormone or syl
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stance Now 1t will do that n 7 or 8 days and 1t will do 1t mostly by
causing the pigeon to eat 2 or 3 times more than it ordinanly eats When
one restricts the diet of the pigeon normal or hypophysectomized to a
little Jess than half ats normal amount one finds growth occurnng 1n certain
regions Is 1t very restnicted? Hardly Its splanchnomegaly which one sees
n the pigeon under that reduced food mtake Now this splanchnomegaly
1s found throughout the whole length of the gut, m the liver and 1n the
pancreas When one fasts the normal or the hypophysectomized pigeon re

ceving prolactin one will not see a maintenance of growth beyond that seen
n controls and which occurs 1n all of the splanchmic organs with the pos

sible excep now of the p R ber however that our work
with Miller which was carned out under stmilar conditions and under
complete fast revealed evident stmulation of the insulin secreting cells

Therefore this newer work which indicates insulin 1s an adjuvant to growth
hormone 1n supporting growth m certain species ts par illel to the prolactin

msulin situation i the pigeon studies This emphasizes agam the m

portance of species differences and the general role of isuln as an adjuvant
Remember, too that the and I are ady for they add
to growth 1n normal or hvpophysectomized pigeons and that thyroxmn
addsto 1t just as 1t does 1n mammals

MILTON LEE (Chatrman) Should I ask you whether the prolactin was at
all pure?

OSCAR RIDDLE 1 wouldn ¢ ciamm 1t was real pure but I will say that we tned
to make sure that growth hormene was not present We did this but not by
growth tests which we think others performed better Our laboratory never
clamed proficiency m assaying growth hormone What we did however
Was to boil the growth hormone which was said to be heat labde for one
hour at pH 8 0 or for 5 hours at 60 degrees Now perhaps you could tell
me that growth hormone will stand this treatment There probably wasnt
much of 1t n our prolactin preparations and i the tests which 1 just men

tioned beta cell simulation was found following the use of such prepara
tions

MILTON LEE  Your answer 1s quite adequate

PAUL WEISS I was verv glad to hear Dr Riddle s comments because 1 this
whole discussion the question of mutual competition of the organs duning
Starvation or submarginal feedmg has not been brought into adequate con
Sideratton 1t 15 ¢rroneous to think that 1f we cease feedmg all the organs
1ust stop at the level in which they are They go on 1o eat each other up at
different ranking orders and I think this should be taken 1t consideration
For that reason Dr Best s remark 1s very much to the pomnt that 1s unless
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you give something from the outside, the ammal ts gomg to get it some
where from the instde and that will certanly disturb the picture

What I was getting up to ask was essentzally that I was very glad that
nuclesc 1cids are being brought into the picture by Dr Red It 15 one step
n the desired direction However in order to emphasize the dangers
wherent n these techniques—that 1s 1f you make mechanical determina
tions—I wish 1o ask 1 question perhaps a rhetorical question He sud ¢
will be confused by his results 1 have been somewhat confused but ot
enough so that I fuled to note that there has been some system m the
events Wherever 1 decrense occurred mn esther the mitochondrial o the
microsomal friction there was 1n increase 1n the corresponding parametet
of the supernitant Now let us assume just for the sake of argument that
these hormones or other applications have nothing to do sith growth but
change the fragility of these v rrous cellular inclusions And if the mito hon
dria or the microsomes are more fragile then obviously with the same
degree of centrifugation more of them will explode and you will find therr
contents in the supernatant fluid I mean this effect 15 not a brological ont
It 1s a method perhaps of testing the fragility of such snclusions This

le with ats ption certam of the dangers i 3 e

mechancal tally without attempting to determine what has happcﬂCd m the
expeniment  Moreover if the nbonucleic acids are ncreased I wish ©0
repeat 1t tells us nothing nbout reil growth bemng present since it may
mean merely an increased activity of the glnd of all glands ot of the cyto
plasm during which actve state the nibonucleotides are rapidly muluplying
Obviously no one will assume that the process of producing more msulin
in the pancreas let us say 1s the same process which leads to the growth
of a pancreatic cell such that it will pive nise to two cells or more 1N hypet
plasia and i hypertrophy Accordingly I would just like to pomt out once
more that unless you pretend you are from Missoun should you 0ot b
from Missourt such determinations as these will likely lead you astay
Nonetheless Dr Reid s study 1s the first step to a real penetration into the
mechanics of what 1s gomng on during growth

miLToN LEE Dr Reid are you in agreement with those comments?

¢ rem I completely agree with the remarks of Dr Weiss and have chal
lenged Dr D to make spectrop} ric deter on indrud
ual mitochondria and microsomes but he didn t seem very willing to take UP
the challenge That step might answer the point

puiLip J RanNDLE (University of Cimbridge London) We have heard
from Dr Lukens that growth hormone promotes full mitrogen retentio? "
depancreunzed cats only if the dose of msulm 1s mcreased durng the P“;:.,,
of growth hormone admmistration We have heard from Dr Best also t
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msulin can promote growth in hypophy d rats The g 1
would like to ask now 1s whether either of these authors thinks that the
secretion of extra insulin as a response to prowth hormone 1s a normal
feature either 1n the 11t or in the immature cat mamfesting spontaneous
growth 1 ask this because many years ago Young demonstrated that
growth hormone—1I should say crude pitwtary extracts are not diuabeto
genic m the htten or the puppy whereas they are in the adult cat and dog
Subsequently Cotes Reid and Young demonstrated that growth hormone
was diabetogemc n the adult cat and more recently returming to this
problem 1n some prelimmary experiments I have been unable to induce
diabetes 1n the kitten with purified growth hormone Do Dr Lukens and
Dr Best consider that extra msulin 1s secreted 1n a normally growing amimal
or 1n the rat and the kitten showiny, extra growth under the influence of
admnistered growth hormone?

F D W rLukens Yes I think extra insubin secretion probably does occur
but we must realize that our measurements of this are indirect When we
take out the pancreas and find that giving 3 or 4 times the muntenance
dose of msulin produces something we infer there is an extra secretion of
mnsuln 1n the intact ammal showing a similar change But we certamly do
not prove 1t 1n the sense 1n which your question was asked There 15 one
climeal tuation however which perhaps comes neater to answenng your
question than anything else The young human diabetic goes through a
penod of normal growth quite satsfactorly provided the amount of
msulin 1s adequate A few years ago [ observed one of those unusual
accidents or mistakes which can occur when a child with diabetes 8 years
old was sent out of the hospital on 10 or 15 umts of msulin a day Seven
years Iater that chuld came back to us as a severe dwarf The insulin dose
had not been mereased dunng the cntical period of his pubertal years
However when the insulin dose was mcreased 4 fold to about 80 umts per
day the child grew about 4 ches m the next year reached an almost
normal height and practically made up for the 7 lean years

CHARLES BEST I have nothing to add to what Dr Lukens has smd except
10 say that the mnsulin content of course not an mdication of msulin output
1s much greater m the pancreas of the young growing ammal Indeed the
commercial manufacturers of insulm are quite prepared to pay 3 or 4
times as much for calf pancreas as for adult beef pancreas

FRANK L FNGEL 1 was tremendously interested 1 Dr Russells findings
i the nephrectomized ammals having carned out a sumilar study a few
Years ago 1n an attempt to localize the site of action of the adrenal hor
mones From the standpomnt of considering the mtegration n the growth
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Dr Best consider that extra insulin 1s secreted in a normally growing amimal
or 1t the rat and the kitten showing extra growth under the mfluence of
admimstered growth hormone?

F D W LUKENS Yes I think extra insulin secretion probably does occur
but we must realize that our measurements of this are indirect When we
take out the pancreas and find that giving 3 or 4 times the mamtenance
dose of msulin produces something we infer there 15 an extra secretion of
msulin 1n the intact ammal showing a similar change But we certanly do
not prove it 1n the sense i which your question was ashed There 1s one
chinieal situation however which perhaps comes nearer to answering your
question than anything else The young human dimbetc goes through a
penod of normal growth quite satisfactonly provided the amount of
msulin 15 adequate A few years ago I observed one of those unusual
accidents or mistakes which can oceur when a child with diabetes 8 years
old was sent out of the hospital on 10 or 15 umits of imsulin a day Seven
years later that child came back to us as a severe dwarf The msulin dose
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However when the msulin dose was 1ncreased 4 fold to about 80 unts per
day the child grew about 4 inches in the next year reached an almost
normal height and practically made up for the 7 lean years

CHARLES BEST I have nothing to add to what Dr Lukens has said except
10 say that the insulm content of course not an indication of insulin output
1s much greater m the pancreas of the young growing ammal Indeed the
commercial manufacturers of insulin are quite prepared to pay 3 or 4
umes as much for calf pancreas as for adult beef pancreas

FRANK 1. ENCEL T was tremendously mterested in Dr Russells findings
1 the nephrectomized ammals having carnied out a similar study a few
YEArs ago in an attempt to localize the site of action of the adrenal hor
mones From the standpoint of considering the mtegration 1n the growth
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process of the cortical hormones and the antenior pituitary growth bor
mone 1t might be worthwhile to comment very briefly on the differences
between the actions of these hormones You will remember that Dr Russel
considered the action of growth hormone to be essentially on anuno zod
metabolism In our study with the adrenocortical hormones we felt tht
therr action w1s primndy on protem catabohsm The action of the growth
hormone 1s  rather rapid one while the action of the cortical hormones s
delayed some hours i the nephrectomized ammal Now, it 15 antegestng
that when we gave the adrenocortical hormone treated anmal amino ands
we could never demonstrate any increased urea formation This 15 in con
trast to Dr Russell s findings of a decreased rate of urea formation follow
ing growth hormone When glucose was given to the nephrectomized anmel
which had recensed cortical hormone there was a marked dampening of he
nise 1n urea formation expected with the adrenal hormone In other words
we anterpreted this 1s indicating 1 suppression by carbohydrate of e
catabolism of protein We mught contrast this with Dr Russell s findings
that the admimistratton of glucose blocked out the growth hormone effet
on amino acids One mught think, therefore, in terms of a balance since both
these hormones are being secrcted under normal crreumstances Tuth
glucose we suppressed the protemn citabolic effect of the adrenal hormon¢
and thus decreased the need for the growth hormone anabolic effect 1
the presence of the glucose We adminsstered fat emulstons and found abso-
lutely no effect on the catabolic action of the cortical hormone In other
words catabohsm proceeded at ts usual pace while Dr Russell finds that
the mtrogen retamning effect 1s there in full force There, agamn we have d
sitnation 1n which anbolism f 1t 1s gomg to act must break through W]
to speak the opposing forces And finally n the adrenalectomized anm?
we found that the nfusion of 2mino acids had no effect on urea formator
We did observe under sumilir circumstances that af the amino acids ¥f¢
infused with glucose in large 1mounts a rather sharp decrease took place
in the rate of urea formation We wonder if m this mstance we M t
have a determining point at which the adrenalectomized anumal manidests
the lack of catabolic mnfluences from its own adrenal cortex while retaming
his own growth hormone Accordingly an effect appears even though 3
Dr Russell recalled from her experiments with glucose no effect of the
growth hormone was apparent It would be of interest to know what her
comments might be on the difference between the metabolism of the
adrenalectomized ammal recerving both glucose and amino actds and that
of the intact ammal recetving the same

MILTON LEE It 15 1mportant for us to participate m these discussions par
tscularly to contribute a word or two on our own progress i these problems
or to bring out cert un discrepancies and warnmgs Dr Russell do you car®
to comment
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JANE RUSSELL I am not qunte sure that I followed all of the many compan
sons which Dr Engel has just made although 1 am quite famitiar with some
of them

It 1s possible that the adrenalectomized ammal does have a relatve
excess of growth hormone action One sometimes sees effects in the
adrenalectomized ammal which could be correlated with this view  Such
animals tend to have a higher concentration of protein In ussues as Winter
nitz and Long reported somettme ago and there are a number of other
observations At the same time I am sure that growth hormone does not
express the full potential of s action 1n the absence of the adrenal cortex

Now 1n answer to your last question 1t may be said perhaps that i the
adrenalectomized ammnl the affect of glucose ss actuaily on msulin glucose
action and represents n part at least the mhibton by msulin of certain
catabokc influences The mhibition of protemn catabolism by wsulim can be
seen very well 1n the eviscerale ammal No matter how much glicose one
gnes to an eviscerate ammal one cannot effect the rate of release of
amumo acids from tissues vnless msulin s gnen This can be called an
anticatabolc actton of insuln which may be what one sees m the adrenal
ectomized animal responding to glucose with an mcreased secretion of
sl But I am not sure that I have wnswered your question adequately

There 1s one little pomt I mught bring up i connection with Dr Anobil s
discussion on the effects of growth hormone n the monkey He reported
that they were upable to see an effect of growth hormone on the dispost
ton of the admunstered amino acids I'may be 1 error but I think he said
he used the commercial preparation of Amigen® m his studies * If this
were the case 1t 1s unfortunate for all the commercial preparations of this
material at least those which I have seen contamed glucose One would
Rot expect to see any effect of growth hormone under thes¢ conditions
Judged from our studies It would be necessary I think to repeat this
particular expeniment with an amino acid mixtare free of glucose before
concluding that no effect of growth hormone could be demonstrated
mos! symposium communicatton Dr Krobil has indicated that the Armgen®

preparation used in hes studees did not contam glucose A footnote to this effect
accompanies hys discussion
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Diabetogenic Actions of Growth Hormone

James Campbell
Department of Physiology Umiversity of Toronto Canada

It 1s my privilege to discuss the diabetogenicity of the growth hormone n
this symposium and 1t s appropriate to begin with the question 15 the
growth hormone dinbetogenic? This question which has not yet been
finally settled has been examned in the recent review by Young® Th
growth hormone 1solated by L1 Evans and Simpson was found to be
homogeneous by electrophoretic and ultracentnfugal analysts and bY“;

lubility Tests of biological activty indicated that the degree ©
contamination by other physiologtcally active constituents of the pitwtany
gland was of a low order Preparations of growth hormone which have bezll}
used 1n many biological studies appear to be contammated by smd
amounts of other pitwitary factors according to Ellis Noda Simpso? an
Evans ® It does not seem posstble however to ascribe the diabetoren¢
action of growth hormone to the small or trace amounts of thyrord stimulat
ing hormone (TSH) adrenocorticotropc hormone (ACTH) prolactn 3%
gonadotropins which the preparations may contain

The complete growth hormone molecule as 1solated from the gland 8
not essential for full activity Two terminal residues of phenylalanin€ can
be removed from the protein hormone by partial hydrolysis with cnrbo‘y‘
peptidase without loss of growth wctivity (Harns L1 Cardhffe and Pow)
No significant inactivation or change n the ratio of diabetogenic to gmwh :
activity was found by Reid when the growth hormone was treated wath t! 15
enzyme the end groups alwnme leucine lysine phenylalanine and serin
were 1dentified 1n the digestion muixture

The claim of R1ben and Westermeyer® that growth hormone had bccl:
separated from diabetogenic activity has not been supported by subsequen
studies (Reid” Houssay and Rodriguez) ® The solubility of the Raben ﬂﬂe
Westermeyer product 1s low over a fairly wide range of pH on either S
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of nentrality and Reid finds that the pH of the solution or suspension
jected may alter the physiological response In our expevience growth
prEp made ding to the tech of Raben and Westermever
dud not possess full growth promoting activity and did not elicit diabetes
in the normal dog They did increase the sugar excretion and the blood
sugar Tevel of metahypophyseal (permanent pitutary) duabetic dogs that
were given the usual dose of msulin but were less actnve mn this respect than
the prowth hormone prepared according to Campbell and Davidson ?

It must be acknowledged that until a naturally occurring product has
been exhaustively characterized and has been synthesized chemically there
will always remain a residuum of doubt as to its homogeneity It seems far
to state that the weight of evidence clearly favors the conclusion that the
growth hormone 1s diabetogenic 1n the dog and the cat and this shall be
accepted 1n the present discussion

The growth hormone 15 not the only diabetogenic substance of the ante
nior pituitary gland ACTH exerts a relatively slight diabetogenic effect
of short duration 1n the dog when the amount mjected 1s double the
diabetogenic dose of growth hormone  ACTH does not ciuse glycosuna
i the intact cat (Reid) !* but 1t increases the excretion of sugar and
nitrogen 1 the hypophysectomized depancrestized ammal ' The diabet
ogenic effect of growth h n cats 1s ent d by the d
mjection of ACTH and apparently another enhancing factor present 1n
certain anterior pituitary extracts but not of itself diabetogemic 1s required
for this effect (Reid) 1® This co factor 1s present m the crude corticotropin
fraction obtamned from cattle and pig pitustary glands by the Raben and
Westermeyer procedure According to Westermeyer and Raben'* this frac
tion 15 1ich 1 corticotropin intermedin and 1n adipokimn It mnhibits the
nsean the R Q after glucose admunistration has an 1ntr msulin effect and
lowers the blood sugar of mice The b of growth h and
ACTH mjections . the rat force fed a hgh carbohvdrate hquid diet
elicited glycosuria but this result was not obtained when these hormones
“ere given singly unless excessive amounts of the diet were force fed

(Engel Viau Coggins and Lynn'*)

The presence of other pitwitary hormones by themselves producing httle
or no diabetogenic effect may therefore modify the diabetogemcity of the
growth hormone Because of these nterferences the extent to which growth
hormone participates m the total diabetogenic action of crude pituitary
extracts cannot be estimated closely Tests on the diabetogenic activities of
crude saline anterior pituitary extracts of partrally punfied fractions and of
punfied growth hormone separated from these extracts indicate however
that a very Iarge part of the total diabetogenic effect of the crude extracts
can be attuibuted to the growth hormone !* In respect to the property of
chciting diabetes in dogs therefore the growth hormone 1s the major
diabetogenic substance of the anterior pituttary gland
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the rate of removal The rate of formation of albumin was also increased
by the hormone

The increase 1 plasma volume caused bv the growth hormone can prob
ably be attnibuted to the increased amounts of protein entering the plasma
It can be expected that the extra amounts of protemn will increase the
protemn osmotic pressure creating an osmotic imbalance between the
plasma and the mtercellular fluids and that to compensate for this the
plasma volume will be increased

Within a day of the first injection of the growth hormone it 15 observed
that the erythrocyte sedimentation rate (ESR) 1s increased and as the
concentratton of fibrnogen rses the ESR may nise to very high values
It1s well hnown that 1n other conditions an increase in the concentration
of fibrinogen and of other large asymmetnc molecules 1 the plasma causes
a tendency towards aggregation of the red blood corpuscles and conse
quently an increase in the rate of sedimentanon t The mncreased ESR
caused by the growth hormone 1s probably due therefore to the increased
concentrations of fibrinogen m the plasma

Increased whute blood cell counts are obsesrved within a day of the first
njection of the growth hormone and in a few days marked leucocytosis 1s
present '* The polymorphonuclear neutrophil cells increase to the greatest
extent The band cells increase and the monocytes also tend to increase in
number The numbers of the other leucocytes 1e  lymphocytes eosmophils
and basophils do not change significantly although as per cent of the total
these cells decrease due to the increase 1a total cells

Whife these changes appear the blood sugar mav remamn within normal
Limuts or may mncrease from day to dav but not to diabetic levels In about
210 5 days of the 1y penod the of sugar 1 the blood
incteases sharply and may nse to 300 mg % or more Ketonaemua follows
the 1se 1 blood sugar and shortly afterwards lipaemsa 1s signalized by
milky plasma m the morming blood samples Polyuria and polydipsia may
precede the nse in blood segar and the glycosunia Sugar appears 1n the
unne and increases 1n amount for a few days about 50 to 100 grams may
be excreted daily hetonuna generally follows the glycosuna dunng the
jections The excretion of total mtrogen and of urea 1s reduced dunng
these 1nye while the of unc acid 15

The growth hormone in smail doses the of hypophy
sectamized dogs to wnsulin and changes their reaction to glucose so that a
disbeti type of glucose tolerance curve 18 obtamed (de Bodo Rurtz
Ancowitz and Raang ) Tt 15 hikely that analogous effects may be produced
n normal dogs by the larger doses of growth hormone

Histological studies by Dr W S Hartroft and Mr W Wilson showed
that in the ntact dogs given growth hormone extensive degranulation of
the beta cells of the 1slets of Langerhans occurred within a penod of 6 to 8
days 14 The beta cells were degranulated to such an extent that m 3 dogs
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The temporary diabetes elicited during the admrnistration of antenor
prtuitary extracts was termed 1dichypophyseal diabetes by Young ' and the
permanent pituitary diabetes persisting 1 dogs after the cessation of the
anterior pitutary injections has been designated metahypophyseal diabetes
by Houssay '7 In view of the multiple efects exerted by the impure extracts
and as an aid to precision, these dinbetic states elicited by punfied growth
hormone, may conventently be referred to as rdiosomatotropin drabetes [
diabetes) and metasomatotropin drabetes (MS diabetes), respectively The
word somatotropm 15 mentioned 1 an article by Evans*® and soma
totropin  appears 1n the textbook of Selye 1%

Temporary Pitustary Diabetes Produced by Growth Hormone An ac
count of the charactensstics of the temporary diabetes produced by the
growth hormone would be mcomplete without a description of the chan,es
that take place prior to and which accompany, the hyperglycaems and
other changes that are usually considered as signs of diabetes The earlier
deviations from the normal must be nown 1f the mode of action of the
hormone 1s to be understood The sequence of events which occurs whent
the growth hormone 1s given daily to dogs 1 doses adequate 10 produce
diabetes 1€ 210 35 mg per kg, of body weight, will therefore be mes
tioned From the beginning of the mjections the body weight mereases and
the appetite appears to be keener The volume of the blood plasma per ke
of body weight 1s mcreased by the growth hormone (Campbell Hausler
Munroe and Davidson) ! the mcrease bemg progressie durng 5 days of
wmjection ° The volume of the red blood corpuscles per kg, of body weight
1snot altered The blood volume 1s of course increased by the amount of the
wncrease n the plasma volume The volume per cent of the packed 1e8
blood corpuscles 1s decreased due to the relative increase 1n plasma volume

The amount of total protemn 1n the blood plasma 1s sncreased by the
growth hormone prior to the appearance of diabetes The concentrattont 0§
fibrninogen 1s raised up to three trmes the normal value and the antount ©
the protein n the crrculating plasma 1s to an even greater extent tncreasel
due to the expansion of the plasma volume The concentrations of albumm
and of serum globulin are not sigmficantly mcreased by the admmstration
of the growth hormone but the amounts of these protetns 1n the plasma ar¢
increased due to the increase 1o the plasma volume The growth hormoné
produces the greatest change m the fibrinogen but due to their relatinely
hugh concentrations the albumin and the serum globulin fractions con
tribute more to the mcrease m the total amount of protemn mn the plasm?

“The increase 1 the amount of any one of these protemn components
could be due, possibly, to an ncrease n their rate of entry mto the plasm?
or to a decrease m the rate of removal or to both of these changes accunmg
qmultaneously This question has been resolved by Webb Munroe *“Zh
Campbell ° who found by means of S35 labelled protemn that E“"‘n
hormone accelerated the rate of formation of fibrinogen without altenns
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blood are not dependent on the production of hyperglycaemia It 15 also
clear that these effects can be present while a diabetic state exists

Permanent Diabetes Produced by the Growth Hormone Permanent
diabetes produced by the growth hormone in dogs (metasomatotropin
dinbetes) has the same charactenstics 5o far as they have been examined
as the permanent diabetes produced by saline anterior pituitary extracts
(Young %) and by partially punfied anterior pitwtary extracts (Marks and
Young * Best Campbell and Haist ) This diabetes has been established
in 8 dogs 1n this laboratory by average doses of 3 1o 35 mg of growth
hormone per kg of body weight per day for 15 to 37 days except for one
mstance mentioned below After these mjections ceased the ketosis and
hipaemia disappeared but the hyperglycaemia (200 to 400 mg per cent)
the glycosuna (58 to 22 g per kg of body weight per day) and the
polyuria remained Considening the extent of this drain from the body and
the strams that must thereby be placed on the metabolic reserves and on the
asstmilative system this degree of diabetes 1s tolerated remarkably well
These ammals have been kept for as long as 150 days without msulin
Duning this period there 1s however a gradual decline m body weight and
n the condition of the ammals hetosts may reappear and anorexia and
lethargy may become evident

On giving msulin a marked smprovement in the vigor and appetite of the
dogs occurs the body weight increases rapudly the ketosis vamishes and the
blood and urme sugar levels can be closely controlled The mnsulin require
ments m most instances are in the range of those that would be expected
of the same dogs 1f depancreatized In one of these MS drabettc dogs how
ever the msulin requirements increased gradually from zbout 18 to 54
units darly aver a period of several months We are not aware of the causes
of this mcrease In two dogs with MS diabetes the sulin requirements
were not changed significantly by pancreatectomy

In some metahypophyseal diabetic dogs the wsulin requirements were
found ta be higher than those usually found 1n depancreatized anmals and

reduced the reqs (Marks and Young ® Campbell

Keenan and Best23) Tt has been suggested by Young ® that this difference
may be attributable to the removal of the alpha cells which may secrete the
hyperglycaemic glycogenolytic factor (HGF) On removal of the pancreas
from alloxan diabetic dogs the nsuln requirements are also reduced and
thus effect has also been attributed to loss of the alpha cells (Thorogood
and Zimmerman®®) The recent studies of Grande and deOya 3! however
reopen this 1ssue

In the dogs with MS dxabetes the acmar tissue of the pancreas has a
normal app onh The slets of Langerhans
are however very few in number many sections can be examined without
observing any structure resemblng an islet The islets which are present
appear to be of lesser size than 1n the normal These slets contam alpha
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with temporary dibetes no staimble granules were found In one dog
which resisted the diabetogenic effects of the growth hormone but m which
the increases 1n the volume and the protein content of the plasma occurred
granulation was found 1n the beta cells but much less than in the normal
Thus even when diabetes 1s absent, as indicated by hyperglycaemia 2nd
glycosura, degranulation of the beta cells of the pancreatic islets 1 pro
duced by the growth hormone As was shown by Dr G A Wrenshall the
nsulin ex ble from the p 1s much reduced by the short period
of treatment with growth hormone and the amount of nsulin obtained 15
related to the degree of degranulation of the beta cells

In this state of IS diabetes 1n dogs the lier 15 much enlarged and the
content of fat free solids per kg of body weight 1s mcreased to such an
extent as to show an increase in lver protein The amount of total bpid 10
the liver 1s above normal and the degree of this fat deposition appears tobe
related to the reduction of the insulin extractable from the pancreas and to
the seventy of the diabetes The weight and the fat frec solids of the Kiduey
arc increased 1n these dogs but these changes are not as pronounced a5 B
the liver the fat content of the kidney 1s not defimitely increased

As the admunmstration of the growth hormone 15 continued the ammals
become obviously ill Lethargy weakness and wnorexia are obsened fol
lowed by vomuiting and dehydration Prostration and death occurred i 2
dog after only 7 days of mjection that produced severe diabetes These
disturbances appear to be of the same nature as the toxic manifestations
that were found by de Bodo Sinkoff Kiang and Den 2 m hypophystei®
mized dogs given lesser doses of growth hormone (1 mg per kg of body
weight) In the hypophysectomized amimals however 1t appears that
hyperglycaemia and glycosuria did not accompany these toxic mnmfestad
uons although the anmmals exhibited strong resistance to msulm 20
diabetic glucose tolerance curves These authors found that cortison® E“’;n
daily was remarkably effective m reducing the toxic manifestations of the
growth hormone 1n hypophysectomized dogs This discovery 1S pmbabl)’ o
considerable mmportance although the mode of operation of the effect 18
not known as yet

It may be speculated that the changes n plasma volume and P"°‘°‘";
mught be caused by diabetes elicited by the growth hormone The P‘“smc
protemn changes however precede the hyperglycaema and 1n ong stan®
were elicited without subsequent hyperglycaemia and glycosuria Not €0t
tent with this evidence Munroe and Chaikoff™ showed that when the
caloric ntake was reduced the same doses of growth hormone could pro
duce the changes mn plasma proteins but not the diabetes In the expert
ments of Webb Munroe and Campbell 2° the growth hormone accelefa:;c
the formation of certamn plasma protemns but due to regulation of the
dosage and diet drabetes was avorded It 1s therefore evident thal{ o
changes m plasma volume and protemns and also 1n the leucocytes ©
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recovery  lesions of the beta cells of the pancreatic sslets persisted nclud
ing shight degranulation and enlargement of the nucler and i two instances
hyaline d and d-cell infik Young and Richardson *
found that pitwitary diabetic cats after many weeks of persssting diabetes
could recover normal blood sugar levels but all the beta cells of the pan
creatc islets that weze seen in these ammals extubited hydropic degenera
ton Young™ also observed a predubetic state 1 a dog that had been
mjected dunng puppyhood and inio the adult state with dibetogemc
antersor pututtary extract ‘The injechions accelerated growth and  after
growth ceased, caused dwbetes On ceasing the 1mjections for an interval
of 18 days the diabetes disappeared Then 4 dmly imjections of extract
prompily ehicted plycosuna and hetonuna wmdicatng a predibeuc siate It
may be noted that in this dog the q | of
growth hormone and wsubin caused resumption of the gam m body weght
In a do stadied i this laboratory a long course of wjections of growth
hormone had ehcited diabetes which was not permanent The ammal was
h more to the diabetog effects of the growth
in that subseq 1 elicrted hyperglycaemia and glyco~
suria more rapidiy than in the normal state On ceating the myections these
signs of diabetes persisted longer before they retumed to normat levels
Between pertods of uyection the blood sugar was normal and no sugar
was excreted One month after the last mjection of growth hormone the
dog was sacrificed and 1t was found that the pancreatic mslets contamed
many degranvlaterd beta cetls and that the msulin extractable from the
organ was subnormal n amount G 42 umis per g of pancreas 18 abont
1/10 of the normal In another amimal which had been used on many
fo test the diabetog activity of antertor pitutary extracts but
w which the blood sugar was normal only 3 days of injection of the growth
hormone were required to establish permanent diabetes whereas in other
llnsstances the shortest perod of mnjection needed to imduce the diabetes was
days
It would appear that m these cases the previous penods of mjection of

the growth h caused & p d 36 the msulm secreting
capacity of the pancreas and a permanent lesom of the beta cells The
g capacity app d to be G for crdmary needs since a

period of over feeding fasted to produce diabetes 1 the first of these ans
mals It may be conssdered however that these ammals had a reduced
resistance to diabetogenic factors and were m a prechabetic state
Mode of Action of the Growth Hormone A IMMEDIATE REDUCTION OF
BLOOD SUGAR IN ABSENCE OF THE PANCREAS IR acutely depancreatized dogs
the smmedsate effect of the growth hormone 15 to cause a fall in blood sugar
(hattz deBodo ktang and Ancowstz*) In depancreatized dogs which had
from the op 4 on msuhn yaul 1 1o 3 days prior
to the expersment Suek® found that growth hormone imection caused a
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cells, some of which are of normal appearance while others appear to be
atypte The beta cells if present, arc not readily recogmzable as they are
degranulated and largely atrophic The proportion of the beta to the alpha
cells 1s much less thin n the normal islet Insulin can be obtamed from
these pancreases of dogs with MS drabetes but only i traces according
toDr G A Wrenshall

The fact that the permanently diabetic dogs can be kept m moderatelv
good condition for months without 1nsulmn while excreting large amouts of
sugar 1s of mterest Under similar conditions, and while excreting not
greater of sugar dep 1zed dogs would be expected 10
survive for several days only It is possible that n the permanently diabett
dog a mumimal secretion of insulm from the restduum of beta cells permt>
of survival It 1s also possible that some other pancreatc factor mussin®
1 the depancreatized dog may be mvolved i the survival of the M§
drabetic dog

Insulin appears to be the only special treatment that 1s requured to mai
tan the permanently diabetic dogs m good condtion ndefinutely, up 10
2% years 1n dogs still hving Pancreas 1s not required 1n the diet and the
liver does not become fatty The lipotropic activity of the pancreas appeats
to be unaffected by the drabetes and the lesion of the islets of Langerhans
In dep 1zed dogs d on adeq of msulmn the
Iiver becomes fatty unless raw pancreas or pancreatic extracts are pw"dfd
It should also be noted that n MS dabetes the alpha celis though of
normal appearance for the most part, are reduced in number This does not
result however n any metabolic defect that has been recognized up 0
the present

It 1s evident from the above that the permanent diabetes produced m
dogs by growth hormone can be attributed to lack of adequate secretion
of insulin from the pancreas and that the defective supply of nsulin cant
be related to the severe lesion of the beta cells of the sslets of Langerhans

Partial Loss of Islet Function In earlter experiments T on temporat
pituttary diabetes 1t was found that on ceasing the njections of gronth
hormone the hyperglycaemua and glycosuna disappeared mn one or tWo days
and that the msulin content of the pancreas was restored (© normal lesels
somewhat less rapidly Intermediate stages between this apPﬂfCﬂl]}’ fully
r ble type of temporary diabetes and permanent drabetes 1 dogs Wer¢
not recognized but 1t now appears that ntermediate prediabetic stages
xist
¢ Lukens and Dohan® found that partially depancreatized cats could
recover from a metahypophyseal diabetsc state induced by an .mten‘ojr
pituitary extract 11 that the hyperglycaemia and glycosurta disappeare "
The recovery was aded by undernutrition and by the administration of
msulin and by phlorhizin However on repeated production of the dmbe;lc:
the amount of extract required to re elicit the diabetes was reduced After
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causes mobilization of hipid from tissues and s deposition n the liver
(Greenbaum and McLean ** White! ) The deposition of lipid 1n the liver
of the dog gtven growth hormone may be due therefore to a combination
of insulin deficiency and a ipnd from tissues produced by other
means Considenng the magmitude of the effect and the experimental condi
tions 1t 1s probable that the effect would be due for the most part to insulin
defictency

The ad of d of msulin reduces the degrees
of polyuna glycosuna and hetonuna n drabetic dogs grven growth hormone
Large doses of insulin 4 or 5 times the usual maintenance dose may be
fven without letely ove g the diab effects of the growth
hormone (Chaikoff and Campbell®) Such doses of insulin would almost
surely produce convulsions and death if the growth hormone were not given

‘These disbetogenic extrapancreatic effects of the growth hormone can
not be adequately accounted for by assuming mhibition of the action of
msultn alone esen if the mlubition were complete The effects of the growth
hormone under these d were more full and more rapidly
lethal than was the withdrawal of the insulin mnjections 1n depancreatized
dogs Indeed the results indicated that larger doses of growth hormone
would produce an even more powerful effect

According to Houssay * 1n hypophy d dep d dogs the
mjection of salime extracts of antertor pitwitary promptly exacerbates the
digbetes and rapidly causes coma and death Milman DeMoor and
Lukens** found that 1n hypophy d dep d cats growth
hormone elicits glycosuna without mfluencing mtrogen excretion It 1s evi
dent that these dinbetogenic actions of the growth hormone in Houssay
dogs and cats are exerted 1n the absence of msulin and other pancreatic
factors

C EVIDENCE FOR STIMULATION OF INSULIN SECRETION BY THE GROWTH
HORMONE Indirect evidence that the growth hormone may under certain
conditions increase the rate of secretion of msulin from the pancreatic islets
13 obtamed by comparnng the effects of the hormone 1n intact amimals with
its effects erther 1 ammals without the pancreas or 1n animals with atrophic
beta cells 33 The amounts of the growth hormone required to produce hyper
glycaemua and glycosuria m mtact dogs are about ten times as great as the
amounts that increase sugar excretion 1n depancreatized and in MS-diabetic
dogs grven their usual doses of isulm In the normal amumals also the sugar
excretion appears after a longer terval and 1s of lesser degree The depos
tion of lipid in the hivers of the intact anmals 15 not as great and the changes
n the ludney are less pronounced Ewvidently the presence of the pancreas
and more specifically the functionally active beta cells of the slets of
Langerhans greatly mcreases the reststance of the mtact amumals to the
diabetogenic effects of the growth hormone If the growth hormone creates
anncreased demand for insulin 1n the extra pancreatic tissues of the normal
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fall 1n blood sugar if the imitial concentration of sugar in the blood did rot
exceed 200 mg per cent Above this mitial level the growth hormone
njection ciused 1 rise i blood sugar and in all stances the Jevel rose
above the mtial value within 4 hours from the time of tjection In discuss
g the nature of this effect, the first mentioned authors considered the
possibility that insulin may remun in the extrapancreatic tissues after
operation 1nd participate with the growth hormone 1n the reduction of
blood sugar The stimulating effect of growth hormone on the uptake of
glucose by the rat diaphragm appears to be dependent on msulin according
to Ottaway,? who suggests that insulin either permts the tissue to respond
to the growth hormone or that growth hormone may liberate snsulin from
an 1nactive complex deposited 1n the tissues According to Park, Brown
Cornblath Daughaday and Krah!*? growth hormone at first stymulates and
later inhibits glucose uptake by the rat diaphragm These authors postulate
that the hormone after its mmitial stimulating action 15 transformed m the
tissue into an inhibitory factor However, alternative explanations for this
effect are possible

B INCREASED DEMAND FOR INSULIN CREATED BY THE GROWTH HORMONE
Much expenimental evidence indicates that the growth hormone creates an
increased demand for nsulin by the tissues of the body This evidence 15
partly derived from studies on the eflects of the hormone in the dog from
which the pancreas has been removed and in the MS diabetic dogm which
the beta cells of the pancreatic islets have been rendered atrophic (Camp-
bell Munroe Hausler and Davidson®®) When these dabetic animals are
given their usual mamtenance doses of insulin 1njections of relanvely small
amounts of growth hormone promptly exacerbate the diabetes Within 3
day of the first mjection the blood sugar 1s increased and hipaemia may
appear The urne volume and the excretion of sugar wnd ketone bodies
mcrease considerably After 4 or 5 days of mjection of growth hormon®
with the usual doses of msulin the liver 1s greatly enlarged very fatty and
friable The kidneys are also enlarged and fatty On Hstological examind
tion 1 addition to numerous ntracellular fat droplets glycogen infiltration
1s seen 1 the cells of the tubules Fatty degeneration of cardiac muscle has
also been observed mn these dogs These effects of growth hormone are
apparently as great in the MS-diabetic dogs as in the depancreanzed anmals

Von Mernng and Mmkowski®® observed that pancreatectomy 11t dogs
caused 1n addition to other signs of diabetes a rapid and massive depositton
of ipid 1n the Tver Banting Best et al 1° demonstrated that the admunstra

tion of p extracts g insulin p d this effect of pan
createctomy
Ttis ble to lude that these d; effects of the growth

hormone are due to 2 relative msufficiency of msulin caused by an sncreased
demand or need for msulin by the extrapancreatic tissues
It will be recalled that 1 the fasting rat and mouse the growth hormone
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and atrophy of hormone producing cells m the body (beta cells} by another
hormone {growth hermone) appears ta be without parallel 1 other hor
monal relationships

The Control of (he Secretion of Insubin Since the great demand for extra
msulin created by the mjectron of growth hormone has hittle mfluence on
the level of blood sugar for 2 to 4 days 1n the normal dog 1t 1s indicated that
tre amount of wuseln secreted by the p under these cond can
be increased far beyond the normal hmits and that the rate of the secretion
can be farfly closely controlled Studies from several laboratones demon
strate that the level of sugar m the blood mfluences the rate of secretion of
instkin from the pancreas #* When growth hormone 1s grven to dogs this
factor 1s apparently not adequate to explam the early changes m the beta
cells and the reduction 1n the snsulm extractable from the pancreas 3 It has
been suggested by Ham and Haist® and by others that the secretron of
msulin may be regulated by the concentrauon of 1asulin 1 the blaod The
recent studies of Bornstesn, Rexd and Young *® Young? and Foa Magd
Glassman and Wemnstem®? suggest that the growth hormone may stymulate
the alpha cells of the 1slets of Langerhans to secrete glucagon and thereby
stimulate the beta cells to secrete msuln

An important derwvation from the study of drabetogenic activity is this
evidence that when the growth hormone ts duced m excess p
mto the dog and the cat st may operate together with mcreased amounts of
1osulin secreted from the pancreas Both hormones ifiuence the metabolism
of protern fat and carbohydrate but the prnimary processes which they
medify are unknown The present evidence indicates that the action of
these hormones may be focused on the processes of protem synthesis and fat
oudation Salter and Best®® and Lawrence Salter and Best ® found that pro-
tem formation can be stunulated by insulm in the absence of growth bor
mone In the absence of insulin, growth hormone does not promote mtrogen
retentton * Tt appears that a greater synthests of protein 1s produced by the
combined actions of these hormones than by the sem of ther separate
actions It 15 possible that, at the sites of action sn the tissues the activities
of these h m p protem h may be hnked at a
reaction determumng final rates of protem synthesis

Bartlett and Gaebler®® found by the use of N9 labeled amno acids that
the growth hormone increases the size of the mitrogen pool m dogs as the
resultant of two over all effects 1e  a depressed rate of catabobsm of ammo
acus and an mereased rate of synthesss of proten Further studies of these
tavestigatons® indicate that the hommone increases the rate of formation of
certan protem factions of the plasma As was mentioned abote the growth
bormone mncreases the rate of entry of fibnrogen and of albumm mto the
Plasma Fibnnogen 1s produced by the liver and some of the albumm of the
plasma m1y also be produced by the hepatic celfs according to Madden and
Whipple ¢ Stnce the grosth hormone causes comadent gams 1 liver
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ammal as 1t does n the diabetic ammals, it follows that the resistance of
the normal dog to the diabetogenic effects of the growth hormone may be
attrbuted to increased activity of the beta cells of the slets of Langethans
1n producing increased amounts of tsulin The sensitivity of the MS-diabetic
dog to the diabetogenic effcets of the growth hormone can be atinbuted to
the 1nability of the small residuum of beta cells to produce msulin at a0
increased rate The findings of Milman DeMoor and Lukens' that tosulm
1s required with growth hormone for nitrogen retention n depancreatzed
and 1n Houssny cats also provide clear cut cvidence though mdrect that the
growth hormone may call forth the secretion of insulin

Studtes on the pancreatic sslet cells also indicate that the growth hormen
may nerease the rate of production of tsulin by the beta cells {Richardson
and Young 4% Ham and Haist ¢ Haist'?) The granules of the beta cells
appear to contain msulin 1n a stored mactive form Degranulation and
glycogen mfiltration (Duff and Toreson'$) or hydropic degenerationt of the
beta cells can be produced by either the admmistration of large amounts
of glucose or the partal pancreatectomy leading to diabetes 1 dogs (Brown
etal # Allen®®) These histological changes therefore appear to be ass®
ciated with increased activity of the beta cells i the secretion of msuin
Under these conditions the rate of secretion mav be 1n excess of the rate of
formation of nsulin 1n the cell so that degranulation and the other chanees
occur The changes induced 1n the beta cells of the dogs given diabetogenc
doses of growth hormone have the same histological features as those which
occur 1n the beta cells of the remnant of pancreas after partial pancreatec
tomy (Haist Campbell and Best®') Fasting undernutntion and msuln
are effective to varying extents i preventng these changes m the beta
cells of partially depancreanzed dogs and also of dogs given drabetogent
anterior pituitary extracts (Bowse3 Best Campbell Haist and Ham )
All these measures would be expected to reduce the stram on befa cells
sumulated to msulin secreting activity beyond the usual Iimuts That such
measures rest the beta cells 1s indicated by the experiments of Harst and
Best % In the normal rat fasung fat feeding and the admsmistration of
suln reduce the amount of msulin extractable from the pancres while
the beta cells appear to be 1n a state of reduced activity According 10
Mursky and colleagues  prolonged admimistration of msulin to partially
depancreatized dogs may so reduce the activity of the beta cells that d:abe\t;
may occur on ceasing the mnjections These studies on the cells of the wlets of
Langerhans provide evid that the ad atton of growth hormtlmc
may stimulate the beta cells to increased activity 1n the secretion of 1asulin

These and other results lead to the postulate that the permanent dmbel;s
produced 1n dogs by diabetogenc antertor pituitary extracts and by ;ﬁ:
growth hormone 1s caused by over stimulation of the beta cells of thc}:sus
of Langerhans which overwork 1s of so great an extent as to cause €X ﬂne
t1on and atrophy of these cells This demonstration of the over powerns
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Young® found that single mjections of a non diabetogenic pitustary
extract which was pancreotropic (Marks and Young®? %) alleviated the
diabetes of pitustary diabetic dogs The effect disappeared as the seventy
of the diabetes increased but reappeared when the dogs were given some
msulin

In the later expeniments (Chatkoff and Campbell??) MS-diabetic dogs
were maintamned on their usual diet and mnsulin dosage and then were given
small doses of growth hormone for about 5 days The glycosuna ncreased
during these mjections of growth hormone but the nsulin requirements
became much less than prior to the injections when the latter were stopped
The reduction took place in about one week The insulin requirement then
tose but remained less than the imtial level for indefinite periods On repeat
1ng the injections of the growth hormone for 4 to 5 days 1n the same anmals
a subsequent reduction 1n the nsulin requirement occurred but this reduc
tion was of lesser extent than was obtained after the first treatment with
growth hormone Repetittons of this treatment did not give further reduction
of the insulin req T of dep 1zed dogs m the same
way with growth hormone also caused red: of the insulin
subsequent to the myections but the effect was not as defimte as 1 the
MS diabetic dogs

On biopsy of the pancreases of the MS-dlabeuc dogs dunng the phase of

reduced msulin req no )| d of activity of the beta
cells of the islets was observed It appears that the reduction 1n the msuln
foll the 1on of the growth hormone 15 not due

to ch:mgc 1 the production of msulin from the slets although this pos
sibility should not be excluded The possibility 1s suggested that the treat
ments with growth hormone may cause a persistent decrease n the output
of growth hormone from the prtwitary glands of the antmals In these expen
ments the glycosuna and hypergly are ent d dunng the
of growth hormone but are subsequently reduced through a persistent
alteration of homeostatic levels

Finally I repret that 1t has not been possible to mention the many
important b of other v I hope that the other papers
m this sympostum will repair some of these omissions My coworkers and I
wish to thank Professor C H Best for hus mterest and support 1n our
studies The tnsvestigations mentioned from this laboratory were mded by
grants from the National Research Council and from the National Cancer
Institute of Canada
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glucagon preservation of muscle glycogen stores on fasting lowerng of the
blood sugar and promotion of milk secretion

1t was of interest to inquire whether the doses of growth hormone prepa
rations needed to nduce these diverse effects differed greatly from those
needed to cause growth It would be expected that if several effects are to
be observed followmg the admimstration of a dose of a growth hormone
preparation just large enough to elicit measurable growth the probability
that they are due to growth hormone itself rather than to a contamnant or
to a side action would be increased Thus the effects listed m Table 1 given

Table |

EFFECTS ELICITED BY GROWTH HORMONE PREPARATIONS GIVEN IN DOSES
OF LESS THAN 1 MG /KRG

Effect Ammal Mg /Rs References
‘Wideniog of cartilage H Rat 00103 123
Restoration of insulin response H Dog 00203 4
Galactopotesrs N Cow 01 5
Growth H Rat 01-03 61
Hypoglycemia H Rat Dog 03-10 78
* N—Normai H--Hypophy ectomuzed
Table 2
EFEECTS OF GROWTH HORMONE PREPARATIONS REQUIRING DOSES IN EXCESS
OF 1 MG /K6
Effect Ammat Mg References
Diabetes N* Dog Cat 13 9 10
Ketosis N Fasting rat 15-10 1112 13
Clycostatic effect H Rat 1220 14 15
Fat mobilizition N Fasting mouse 5 -250 16 17 18 19
Use af amino acids N Nephrectomized rat 10 20
Gycotropic effect N Rat 30 21

N—Normat H—Hypophysectomized

by doses comparable to those required to mnduce weight gan m hypophy
sectomized rats might be more probable actions of growth hormone than
those shown 1n Table 2 which require much larger doses Objections to this
bne of reasommng are several and the listing of actions 1 order of mcreas
g required dose fails to divide the several effects into clearly defined
groups

A better approach would mvolve comparng the potency of vanous
Prtuttary extracts Clearly a positive correlation between growth promoting
acuvity and potency in one of the tests for another metabolic function
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Relation of the Metabolic Effects of Corticotropin
Concentrates to Growth Hormone

E B Astwood
Department of Medicine Tufts Medical School and New England Center
Hospital Boston

It 15 often difficult to determine which effects ehcited by the adminsii2
tion of a hormone constitute normal aspects of its phystologic function and
which effects are side actions which afe of no importance and play 10
part 1n the action of endogenously secreted hormone under normal circum
stances Examples of such side actions are the aplastic anemia of dogs
from Jarge doses of estrogen the oxytocic and pressor effects of the ant
disretic hormone vasopressin and the folircle stmulating and lutemziog
actions of human chorionic gonadotropin n the rat In the case of the
antertor pituitary hormones 1t 1s particularly difficult to know which effects
represent normal phystologic actions of a hormone and to know 10 which
hormone to ascribe them Here the problem 1s greatly complicated by prob
lems of punity of the several hormones and some apparent side actions
may be ascribed to contammation of one hormone preparation by another
hormone

A variety of metabolic effects have been shown to be given by prepar?
tions of growth hormone Some of these are consistent with gmwlh while
others seem to have httle bearsng upon processes of anabolism Positve
balances of mitrogen phosphorus calcium sulfur sodium potassim an
chlonide widening and cellular changes 1n epiphyseal cartilage and increased
incorporation therein of radiosulfur, enlargement and various chemt
changes 1n the viscera and an ncreased use of depot fat when the diet 18
restricted are all effects which mught be expected when anabolic processes
are sumulated Effects of growth hormone preparations which seem to be
unrelated to the promotion of growth include induction of dibetes mh)i
bition of msulm  ketogenesis reduced respiratory quotient secretiont ol
286
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causing ketosis than growth hormone preparations They concluded that
ketogentc potency did not correlate well with corticotropic activity and
that ketosss was due to a separate factor contained in the extract

The rate of oxygen consumption n mce and 1n 1ats was mncreased by
the corticotropin preparation and the respiratory quotient was decreased in
fed amimals and faded to rise 1 ammals given glucose Large doses of
growth hormone preparations did not cause these effects 3° °

Glycostatic, Glycotrepie, and Hypoglycerme Effects

The loss of muscle glycogen upon fastng after hypophysectomy has been
shown by Russell and otherst* 15 to be prevented by treatment with crude
pituntary extracts and with growth hormone preparations In the normal rat
muscle glycogen particularly that of the heart muscle has been shown by
Adrouny and Rusself*¢ to mcrease progressively upon fasting Treatment
with growth hormone preparations was found to accelerate greatly thus
crease It has been shown by Otto® that corticotropin also exerts a glyco
static effect in normal and m hypophysectomized rats In the normal fasting
mouse corticotropin seems to be at least ten times as active as growth hor
mone preparations in increasing the glycogen m the heart? and i the
fasung hypoph d rat another preparation was found
by Fgnss Beck and Li® to be highly active 1n mamtaming the glycogen
stores of skeletal muscle

The ant1 msulin or glycotropic effects of pituttary extracts are difficult to
compare because more than one tvpe of action seems to be imvolved
Chromc treatment with growth hormone type of extract may lead to hyper
glycemia and eventually diabetes and may thus be regarded as anti msuln
in one sense However similar extracts also intensify the diabetic state of
depancreatized?? or Houssay amimals and restore to normal the mereased
sensitivity to 1nsulin of the hypophysectormzed ammal

In tests for their capacity to nhibit wmsulin acutely growth hormone
preparations have usually been found weak or nactive the effect some
times bemng noted only after some houts or after repeated mjections Corty
Cotropin concentrates on the other hand have been found to inhubit insulin
n mice when given one hour before or concurrently with msulin The effect
1s mdependent of the adrenals 25

Lowermg of the concentration of glucose in the blood has been noted 1n
mice rats and dogs following the ijection of crude extracts growth prepa
ratons and P Hypoph 1 or
tomized rats have been found to be more sensitive than normal animals 33 2¢
while no such effects have been noted i drabetic rats or mice even though
the diabetes was mild ! On the other hand hypoglycema still occurred
foll, g the mjection of growth } prep diately after
Ppancreatectomy 1n the dog 8 Insofar as companisons are possible the most
potent hypoglycemic preparation from the pitwitary 15 purified corticotro

drenal
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would favor the dentity of the actwe principles mvolved and vie vern
Some cvidence has 1ccumulated which mdicates that various extracts of
parable growth p g potency may not be equally diabetogenic
ghycostates, or adipolunetic And, on the other hand a variety of pitutz
extracts, some with little growth promoting activity have been found to
induce one or more of these metabolic effects These extracts mclude fie
crude preparations and ultrafiltrates of Anselmmo et al  the heat stable
specific metabolic principle  of Collip and collaborators * # thyrotropc
extracts '¥ the very labile principle associated with some growth hommost
preparattons  and, more recently, corticotropm concentrates made by the
oxycellulose procedure ¢ 7 Punified cortrcotropm has been shown to be frc:
of growth promoting activity in the adrenal d hypophy
rat sustamed by cortisone therapy and to be without diabetogenic aciily
the intact dog However when tested sn the mouse 1t 15 highly active in fests
for glycotropic ® glycostatic ? and adipokinetic effects™, 1t mereases 0Y5ed
consumption reduces the respiratory quotient increases ketosis and causes
a lowering of the blood sugar All of these effects can be obtamed m the
absence of the adrenals but some of them require cortisone for therr €1
hibitton Some but not all of these actions are to be observed also in oter
species, mcluding the rat rabbit and dog but not thus far m man Most
of the metabolic actions can be mduced by corticotropm tn doses which 216
much smaller than the required doses of growth hormone preparations

Mobilization of Faf, Retogenesis, Ketosts and Lowering
of the Respiratory Quotient

Using the method developed by Campbell 212 Rosenberg® tested variols
pituttary extracts for their ¢ ipacity to crease the concentratton of fat u;
the Iver of fasting mice Oxycel purified corticotropin in 2 dose range
3 to 10 pg caused a proportional increase m response with mncreasing dos¢
with larger doses up to 100 pg there was a gradual further mncrease B);
comparison crude corficotropin was about one thirtieth as sctive and wé
m turn 4 to S times as potent as whole antertor prtustary powder Thu!’j
about one third of the total adipokinetic activity of the puuntary st ha
found 1ts way 1nto the corticotropwn fraction Growth hormone preparations
were much weaker and seemed to differ in potency from one another The
quantities of growth hormoue preparations reported to be required f0 cause
increases 1 liver fat 1n the mouse have vaned from 0 1 to 10 mg and som®
have been found to be mactive Corticotropin concentrate seemed (0 act
more quickly than growth hormone preparations and when the dose was
divided and grven every two hours greater responses were observed .

Quantitses of punfied corticotroptn comparable to those required 10 !lh .
crease hepatic ipid also caused an sncrease n the ketone bodies u{j #
blood and ketonuria 1n fasting muce In the normal or adrenalectomize: efm
Engle and Engle® found suutlar preparations to be much more 1chY
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ucal However, such a conclusion receives no support from physiologic
observations if the patuitary partakes importantly 1n carbohydrate and fat
metabolism by the secretion of a metabolic factor the factor would have to
differ from pin or else the bolic changes would parallel
adrenal cortical activatron and there 1s no suggestion of such a parallelism

Summary and Conclusions

Some of the metabolic effects of crude pitwtary extract including mobils
zation of depot fat ketosis depression of the respiratory quottent hypogly
cemia resistance to msulin and preservation of glycogen stores i muscle
formerly regarded as properties of growth hormone are brought about by
the admimstration of punfied preparations of corticotropm Although the
factor responsible for these changes has not been separated from cortico-
tropmn there 1s no evid that end ly secreted cort pin exerts
any of these actions Growth hormone preparations seem to be associated
with a factor which may imparr the utilizatton of carbohydrate and lead to
temporary and eventually permanent diabetes Chronic admimstration of
such preparations thus leads to metabolic changes sumilar to those induced
acutely by preparations of corticotropin
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pm ** This same preparation, as well as several other types of extract
including pitustrin cuses hyperglycemia in the rabbit and 1n man®

The sigmificance of these changes 1n blood sugar are difficult to aseess
In the mouse and rat where hypoglycemia seems related to the glycostati
and glycotropic effects 1t would appear that glycogenolysis and glucose
utthzation are both mhibited The concurrent mobilization of fat ketoss
and lowered resprratory quotient implies that the extract effects conserva
tion of carbohydrate at the expense of fat To what extent these chanees
will be found 1o occur 1n other species remains to be determined Similarly
1t 1s yet to be shown that the pituitary secretes a factor which exerts swh
effects under natural condstions

Preparations of Corticotropin

Most expeniments on the metabolic effects of corticotropin concentrates
have been made with matenal extracted with hot glacial acetic acid and
punfied with oxycellulose © Such preparations contain a major component
which when 1solated by chromatography on IRC 50 carbotylic acid resim
by the method of Dixon et al ** has been termed Corticotropin Alby
White ¥ and when 1solated by countercurrent distribution Corticatropin f
by Bell* A similar peptide has been denived from sheep pituitanes by s
et al ** and called Corticotropin @ Upon digestion with pepsin eleven ammﬁ
acids can be removed without loss of biological activty and it 1s beliesed
that the resulting peptide 1s that referred to by Brink et al ** as Cortico-
tropin B

Although these purified peptides have not been studied extensively cach
has been tested m mice and found to merease hver fat and to lower ¢
concentration of blood glucose Within the Limts of vanatton in these tests
they do not differ significantly from one another or from the unfractionated
oxycel concentrate

Further alterations in the major active component can be carried 0ut
without changing the corticotropic or metabolic potencies Treatment 3¢
room temperature for 30 minutes with 0 1 N sodum hydroxide comerts
this component mto a less basic substance which travels more quickly o
the IRC 50 column * a phenomenon noted also by Stack Dunne Dixont
and Young ‘¢ and to migrate more anodically upon electrophoresis oft papet
1n alkaline buffers 7 Digestron with pepsimn after the alkalr treatment yrelds 2
basic substance which travels less rapidly to the cathode than the pepstt
digest of the untreated matenial Finally alkal: treatment after peptic diges
tion reduces the basicity of the product Thus alkal and pepsin can bang
about changes which yield four products which differ electrophoréti®
mobility on paper without causing sipnificant alteration n either cortico
tropic or metabolic actvity et

Although of an entirely negative character this evidence suggests tn
corticotroptn and the factor responstble for the metabolic changes are 1de:
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Relationship of the Adrenal Cortex to the
Diabetogenic Action of Growth Hormone*

R C de Bodo and N Altszuler

Department of Pharmacology New York University College of Medicine
New York N Y

Studies carried out 1 ly n several lab 1es duning the past
few years have definitely established that the pituitary growth hormone
exerts a powerful effect on carbohydrate metabolism Several groups of 1
vestigators have shown that drabetes develops in normal! 3 or partially de
pancreatized* dogs and cats after the continued admunstration of growth

ormone Investigations carried out duning this same period of time 1 our
laboratory revealed that growth h 1 or abolishes the
sulin hyp y of hypoph d dogs and also prod diabetes
n these anumals 367

In the present paper evidence 15 presented (1) that the diabetogerue
action of the growth hormone preparations 1s due to growth hormone itself
and not to the ACTH (2) that the ad tical sterords are
not essential for the antt insulin and diabetogemnic action of growth hormone
(3) that the diabetes and toxic phenomena usually observed mn hypophy
sectomized dogs on growth hormone regimens can be prevented or abol
1shed by the adminstration of C 11 17 oxycorticosteroids and (4) that this
beneficial effect of the sterords 15 probably related to an action on the insulin
secreting function

The mvestigations reported here were supported by rescarch grants A-113 (C2
C€S) from the National Institute of Arthritis and Metabolie Diseases of the National
Institutes of Health Public Health Service by a grantm ad from the Amencan
Cancer Society upon recommendation of the Commuttee on Growth of the National
Research Council and by a research grant from the Eh Lally and Company
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Fic 2 Blood sugar curves produced by msulin {0025 U/kg 1v ) in normal
dogs and in hypoph (Hyphex Adrenex) dog
HA-5 durmg the untreated state and after 5 and 9 doses of growth hormone
{GH) regimen (Armour lot #BGH 369-202B 1 mg /kg /day 1m ) (Cour
tesy of Am J Phys ol 176362 (1954) )

folt

g the of msuhn 1t gradually retumned to the pre insulin
level
In contrast to these exaggerated responses to tnsulin scen m the adrenal
ectomized hypophysectomized dogs normal dogs showed only a shight fall
1 their blood sugar after such a small dose of msulin and the blood sugar
returned 1o the postabsorptne level within 40 mmutes (Fags 1 and 2)
The admumstration of growth hormone 1 mg kg /day produced a
marked ant1 insubin effect sn the l d dogs
HA 72nd HA 5 (Figs 1and 2) 1e the fall of the blood sugar followmg
the myjection of msulin 6025 Uzky, 1v  was greatly dimimshed as com
pared with the blood sugar changes seen 1n the untreated state and the

recovery of the blood sugar to p P levels was dly accel

erated
The eﬁec\ of growlh h: on the resp: to glucose of
ypophy d dogs 15 11} d 1 Digure 3 1t can

be seen that the hysectomized dog HA 7 prior to
growth hormone therapy showed a very severe secondary hypoglvcemia in
the intravenous glucose tolerance test Thus following the mtravenous m
fusion of gluccse (D075 g /kg /mm for 10 munutes) the blood sugar felt
rapidly from the peak value 1t had reached at the termination of the mfu

ston to levels far below the postabsorpuve level In dog HA 7 this second
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Lffects of Growth Hormone on the Responses fo Insulin and Intra
venous Gl of Adrenal d Hypophysectomized Dogs
In order to decide whether the anti tmsulin and diabetogenic actions ob-
tuned with growth hormone preparations are due to growth hormore nsell
or to the ACTH present 1n these preparations the effects of these prepa
rations were studied 1n adrenall d hypoph d dogs®*1t
If the cffects observed mn hypophysectonuzed ammals were due to the
ACTH contarmnant of growth hormone, then no action should occur 1t
the adrenal d hypophy d ammal This 1s to be expected
since 1t was shown that the carbohydrate metabolism of adrenalectomized
dogs ws not affected by ACTH 1e, no extra adrenal effect of ACTH on

carbohydrate bolism could be d d
In Figures 1 and 2 are shown the effects of growth hormone on the msulin
resp of adrenal d hypoph: d dogs HA 7 and HAS

maintamed on minimal daily doses ofJDCA (15-25mg) These dogs 1
the untreated state (prior to growth hormone therapy) showed precxpltou:
falls 1n blood sugar following the intravenous injections of the test dose’
of insulm (0 025 Uskg ) Since in dog HA 7 insulin caused severe hypogh
cemic crises the expeniments had to be terminated by treatment with sugar
nfusions m dog HA 5 although the blood sugar fell to very low levels
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Fic 1 Blood sugar curves produced by msulin (0025 Urkg 1v) 10 ""'g‘a‘g

dogs and m_hypop d ad (Hyphex Ad"’"e‘)G

HA-7 duning the untreated state and after 4 doses of growth hormone (

regimen (Armour lot #J21609R 1 mg /kg /day im )
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ary hypoglycemia was so profound that the ammal developed convulsions
In contrast to thas 1n normal dogs following the mtravenous glucose mfusion
the blood sugar fell from the peak value to the postabsorptive level and
then stabilized at this level without faling below 1t

The growth hurmone regimens reversed the abnorma\mes of the glucose

) of d dogs The secondary
hypoglycemia was abolished so (hat (he glucase tolerance resembled more
clo ely those of normaf dogs (Fig 3)

Comment Since the ad of growth h to adrenal
mized hypoph A dogs d on small doses of DCA, (1)
abolished their severe ansubn hyp y and (2) v abol

ished the secondary hypoglycenma of therr mtravenous glucose tolerance
tests and (3) since ACTH has no extr: adrenal effect on carbohydrate
metabofism 1t 15 concluded that the action of growth hormone on catbohy

drate metabolism 1s not due to the ACTH contaminant of the growth hor

mone preparation

Since 1 the above exp drena) d hvpoph d
dogs growth hormone cxem:d s actmn 1n the absence of :he adrcnocomcal
steroids 1t must be further ded that the ad: tical steroids are niot

essential for the actions of growth hormone on carbohydrate metab
ohsm

Replacement Therapy with Growth Hormone Complicated by
(@) Diabetes (b) Toxiaity and (¢} Acquired Resistance

Having established that the observed effects on carbohydrate metabolism
were mdeed due to growth hormone and not to its ACTH contammant the
question arose whether these actions of growth hormone are of phystological

1f growth h has any pt it { role in carbohydrate
metabolism then the production of diabetes m vormal ot partially depan
creatized apymals by this hormone must be regarded s a pathologcal state
Produced by an excess of growth hormone which at least 1n 1ts end effect
1s antagonistic to the action of mnsulin It appeared that valuable information
tight be obtaned 1f the effects of growth hormone were studied i hypophy
sectomized animals Tt seems reasonable (o assume thyt ome of the abnor
malities 1 carbohydrate metabolism manfested by hypophysectormuzed
atumals are due to the lack of growth hormone and should be ameliorated
or restored by this hormone Thus it mlght be postulated that if ¢rowth
hormone has 4 physiol 1 role in carbohvd metibolism and 13 an
mnsulin antagonm then n proper dosage regimens 1t should be able to
amehorate or abolish the insulin hypersensitivity without showing any un
toward effects

Indeed 1n a large senes of hypophysectomzed dogs an amekoration or
abolition of the insulm hypersensitivity could be readily demonstrated with
varymg dosage regimens of growth hormone However several difficulties
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were encountered in these experiments in which replacement therapy wi
growth hormone was the objective

1f growth hormone (about 1 mg /kg /day) was admmustered to hypophv
scctormzed dogs which had fested an insulin hyper and 2
marked secondary hypoglycemia following the intravenous glucose infusion
their exaggerated msulin response was restored to normal within 3-4 days*?
(Fig 4) however their glucose tolerance 1nstead of becomng nomdl
changed to a dibetic type (Fig 5) Only very rarely was it possile to
observe a trinsient normal glucose tolerance lasting for a few days (Fig 6)
before 1t became diabetic

The growth hormone reg; also produced toxc ph in these
ammals such as mnorexta complete refusal of food vomuting of force fed
food weakness lethargy and death?® When the toxic effects became
severe the growth hormone administration had to be discontinued i ordet
1o save the ammal When the toxic effects were not too severe and the an:
mals survived the continued administration of growth hormone then after
about 3—4 weeks the anti insulin and diabetogenic effects began to dimunish
and eventually disappeared completely

The gradual development of a resistance to growth hormone when the
latter was admimstered daily for several weeks occurred regularly This
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Fio 4 Blood sugar curves produced by insulin (0025 U/kg 1v) n no":le"’d

dogs and n a typical hypophysectomized (Hyphex) dog during the unm:a\lat

state and after 2 and 4 doses of growth hormone (G H ) regumen (Armour

#22KR1 1 mg /kg /day 1m ) (Courtesy of Diabetes 3 89 (1954) )
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acquired resistance to growth hormone proved to be specific for the species
from which the hormone was obtaned and 1s ilfustrated m Frgures 7 and 8
‘When beef growth hormone was first admimustered to dog k7 3 for 7 days
the secondary hypoglycemia of the glucose tolerance test was abolished On
the 19th day of contmued beef growth hormone regumen the secondary
hypogly PP d signifying a di hed hormonal effect (Fig 7)

Growth h d ton was then disc d for 11 days, and
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Fi6 7 Blood sugar curves produced by intravenous glucose (075 g/kg) im
normal dogs and n hypophysectomized (Hyphex) dog h7-3 during the un
treated state and after 7 11 and 19 doses of growth hormone (G H } regimen
(Armour Lot #GH 3 1 mg /kg /day 1m ) Note the development of resistance
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when dog K7 3 was subsequently placed on a second beef growth hormone
regimen 1t was ineffective On the other hand, when porcne growth hor
mone was admunistered 1t exerted an action (Fig 8)

Comment From the f g 1t ts app that repl therapy
with growth hormone could not be readily achieved When the dosage of
growth hormone was relatively large the development of diabetes and
toxicity necessitated termination of the experiment If however the dose of
growth hormone was greatly reduced (so that 1t did not even abolish the
msulin hype y but only 1 dit) us ration became
feasible without toxicity but the acquired resistance made the experniment
futile

Effects of Cortisone or Hydrocortisone on the Carbohydrate
Metabolism of Hypoph; d Dogs (a) n the Untreated
State and (b) during Growth Hormone Regimen

Stadies concerned with the hormonal regulation of renal functions re
vealed that the hypophysectomized dog had greatly reduced glomerular fil
tration rate and renal plasma flow and was also unable to excrete an orally
administered water load *3 14 On exther a growth hormone* oraC 1117
oxycorticosteroid hormone? '* regimen the renal functions wete only par
tally restored toward normal However on a combmed steroid growth
hormone regimen the glomerular filtration rate and renal plasma flow were
restored to normal levels and the response to a water load became pract:
cally normal 8 Since these ammals did not have drabetes and did not mam
fest tovic phenomena 9 89 1t seemed worthwhile to explore the effects of a
combned adrenocortical steroid growth hormone regimen upon carbohy
drate metabolism

Experiments with Insulin Furst to be considered are the effects of these
hormones and hormone upon the resp to msulin 1n hy
pophysectomized dogs It can be seen m Figure 9 (dog K9 8) that on a
cortisone regumen (1 0-14 mg /kg /day for 8 and 17 days) the insulin
hyp y of the hypophy d dog was 1 d but not
abolished 1¢  the postabsorptive blood sugar was somewhat elevated the
fall of blood sugar was sull far greater than i normal ammals and the
Teturn of blood sugar to the pre msulin level still considerably retarded The
dosage of cortisone used 1n these experiments had been found previously to
be sufficient to abolish the abnormalitics of the carbohydrate metabolism
of adrenalectomized dogs °% On a subsequent combined cortisone growth
hormone regimen the postabsorptive blood sugar level was further elevated
and the response to msulin was about normal (Fig 9)

Expenments with Intravenous Glucose Before discussing the effects of

the C 11 17 oxycort ds and the bined steroid growth hormone
regimens upon the glucose tolerance of hypophysectomized dogs the ntra
venous glucose tol, curves of d hypopt d dogs
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15 doses of porcine growth hormone regimen (Armour lot #R4911 Y
mg /kg /day 1m ) This porcine growth hormone regtmen was started 1m!
ately after the second beef growth hormone regimen was discontinued
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that the ability to secrete imultn may determme the type of glucose toler
ance observed the underlying factors responsible for the production of the
two types of glucose tolernces are stll unknown

When a hypoph; d dog festing the Type I glucose tolerance
was placed on a cortisone or hydrocortisone regmen (1 0~14 mg/kg/
day) (1) the postabsorptive blood sugar was usually somewhat elevated
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‘o normal dogs and i hypophysectomized (Hyphex) dogs K9-8 and k-~28
during the untreated state
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Fia 9 Blood sugar curves produced by msulin (0 025 U/kg v ) 1 (2) “&'
mal dogs and 1n hypophysectomized (Hyphex) dog K9-8 (b) durog ;
untreated state (c) dunng cortisone regimen alone (after § and 17 doses} ‘“4
(d) during a combined cortisone growth hormone regimen Cortisone (101
mg /kg /day) given intramuscularly for a total of 46 days growth hormgﬂe
regimen (Squibb lot #C515 10-15 mg /kg /day 1 m ) begun on the 220d day
of cortisone regtmen and continued concomutantly for 25 days (Courtesy
of Diabetes 3 89 (1954) )

should be analyzed A study carned out on a large number of dogs revealed
the existence of two types of glucose tolerance curves 1n the first type
(TypeI) the blood sugar fell raptdly from the peak value (obtamned at the
end of the glucose mfusion) as in normal animals but 1nstead of stabilzng
at the pre infusion level 1t fell below 1t (secondary hypoglycemia) (Fg 10
dog K9 8) In the second type (Type II) the fall m the blood sugar from
the peak value was very slow (almost as 1n a diabetic ammal) but evcnn‘l)
ally after a few hours the secondary hypoglycemra still appeared (Fxg‘ l.w
dog k 28) At present no expenimental evid 1s available to

explain the variations 1 the glucose tolerance curves of the hypophysecto
mized dogs However an analysis of the glucose tolerance curves of )t
pophy d dep 1zed anmmals wherein the blood sugar dd nﬂs
fall for as long as 5 hours * suggests that in the hypoph)sectomxzed dog:
mamfestng the Type I glucose tolerance the slow fall in the blood sugar
was probably due to an impaired insuln secretion While 1t may be surmise
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(2) the blood sugar still fell from the peak value as rapidly as 1n the un

treated state and (3) the secondary hypoglycermia was dimmshed (dog
K98 Fig 11 anddog F 3 Fig 12) When hypophysectonzed dogs mam
festing the Type II glucose tolerance were placed on a cortisone or hydro
cortisone regimen (1) the postabsorptive blood sugar was somewhat
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Fic 12 Blood sugar curves produced by intravenous glucose (075 g /kg )
gs and 1n hypophysectomized (Hyphex) dog F-3 (b) during
€ untreated state (¢) during cortisone regimen alone and (d) during a com
med cortisone growth hormone regimen  Cortisone (40-80 mg /hg /dav)
ularly for a total of 31 days Growth hormone regimen (Squibb

5 mg/kg /day 1m) was begun on the 25th day of cortisone
tegimen and continued concomutantly for 7 days
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Fic 11 Blood sugar curves produced by intravenous glicose (075 g /kg)
1n () normal dogs and 1 hypophysectomized (Hyphex) dog ho-8 (b) duf
mg the untreated state (c) during cortisone regimen alone and (d) dunn, 2
combined cortisone growth hormone regimen Cortisone (1 0-1 4 mg/l\g/day)
given mtramuscularly for a total of 39 days Growth hormone regimen {Squ!
ot #CS515 1 mg/kg/day 1m) begun on the 22nd day of cortisone regmen
and continued concomitantly for 18 days (Courtesy of Diahetes 3 89 (1954))
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1 The postabsorptive blood sugar was always considerably elevated
either to normal level as in dog k9 8 (Fig 11) and dog K 44 (Fig 13)
or to lesels far above normal as in dog F 3 (Fig 12) and dog k-28 (Fig
14)
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Fic 14 Blood sugar curves produced by intravenous glucose (075 g /kg )

in (a) normal dogs and 1a hypophysectomzed (Hyphex) dog h-28 (b) during

the untreated state (c) dunng cortisone regimen alone and (d) dunng a com

bined cortisone growth hormone regimen Cortisone (1 mg /kg /day 1m ) given

for a total of 54 days Growth hormone (Armour lot #J21609R 1 mg /kg /day

1m) begun on the 40th day of cortisone regunen and continued concomitantly
for 14 days
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Fic 13 Blood sugar curves produced by intravencus glucose (075 & /ke)
n (a) normal dogs and in hypophysectomized (Hyphex) dog h-44 (b) dursg
the untreated state (c) dunng hydrocortisone regmen and (d) dunng a com
bined hydrocortisone growth hormone regimen Hvydrocortisone (083 mE
kg /day 1m ) given for a total of 39 days Growth hormone regimen (Armout
lot #J21609R 10-15 mg /kg /day 1m ) was begun on the 18th day of hydro-
cortisone regimen and continued concomitantly for 22 days

elevated (2) the fall 1n blood sugar from the peak value was grealy
accelerated resembling that of Type I dogs and (3) the secondary hypogly
cemia was decreased (dog K-44 Fig 13 and dog K-28 Fig 14)

Substitution of the cortisone (or hydrocortisone) regimen by a combuned
cortisone (or hydrocortisone) growth hormone regimen produced the fol
Jowng changes 1n the mntravenous glucose tolerance curves of hypophyse¢
tomzed dogs
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gar curves produced by intravenous glucose (075 g /kg ) tn
dogs and 1n hypophysectomized (Hyphex) dogs k-89 and k-93 Dog
Was given growth hormone (Squibb lot #C515 2 mg kg day 1m) for
s Glucose tolerance curves of dog K-93 (a) m the untreated state (b)
dunng cortsone regmen alone and (c) dunng combined cortisone growth
hormone regimen Gortisone {10-20 mg /kg /day 1m ) given for a total of
57 days Growth hormone {Squibb lot #C515 1 mg /kg day 1m ) was begun
on the 40th day of regumen and for 7 days

en the dosage was increased to 2 mg /kg /day and continued concomitantly
for 11 days

FI6 15 Blood su;
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2 The blood sugar fall from the peak values remamned rapd i both
types of hypophysectomized dogs [Type I K9 8 (Fig 11) F3 (Fig 12),
Type II K 44 (Fig 13) and k 28 (Fig 14)] just as before growth hor
mone administration

3 The blood sugar faling from the peak value stabilized at the pre
mfusion level 1 erther at normal levels as 1n dog K9 8 (Fig 11) ad
dog K 44 (Fig, 13) or at levels higher than normal as 1n dog F 3 (Fig 12}
and dog k 28 (Fig 14) Thus the secondary hypoglycema was completely
abolished

The level to which the postabsorptive blood sugar may rise dugo? 2
combined sterord growth hormone regimen appears to be determuoed by
several factors In this respect the dose of growth hormone the duraton
of growth hormone admunistration and the degree of secondary hypoely
cenua n the glucose tolerance test seem to be important When the dose
of growth hormone m the combined hormone regimen was about 10 mg/
kg /day the postabsorptive blood sugar reached the normal level and
usually did not go higher (dogs K9 8 Fig 11 and K 44 Fig 13) Qe
sionally however even on this dosage regimen the postabsorptine blood
sugar was above the normal level (dog K 28, Fig 14) When the dose
of growth hormone 1n the combined hormone regimen was increased 10
15-20mg kg /day the postabsorptive blood sugar was usually far abore
normal (dog F 3 Fig 12 and dog k 93 Fig 15) A gradual elevation of
the postabsorptive blood sugar with the increase of growth hormone dosage
(from 10 mg /kg /day to 2 0 mg /kg /day) may be noted n dog K 93
Fig 15 If the secondary hypoglycemia of the glucose tolerance test was ot
very marked the postabsorptive blood sugar usually reached a higher fevel
on the combmed hormone regimen

These glucose tolerance curves observed in hypophysectomized dogs ¢
ing combined cortisone (hydrocortisone) growth hormone regimens were
1n sharp contrast to those obtained when growth hormone alone was admn
stered While 1n the former the blood sugar dropped rapidly and thet
stabilized at normal or somewhat higher levels 1 the latter the fall M;
greatly retarded The severe diabetes produced by only three doses t;
growth hormone (1 mg /kg /day) in hypophysectomized dog K 8 Figure
and by stx doses of growth hormone (2 0 mg /kg /day) m hypcphysecl&;l
mized dog k 89 Figure 15 should be noted In all the experiments 11 whicl
the effects of combined steroid growth hormone regimens were studiet
great care was taken to evaluate the effect of this therapy long before rcl
sistance to the growth hormone could have developed Thus 1t 15 apparen
that during the combined hormone regimens the steroids exerted thetr
beneficial actions while the animals still reacted to growth hormone It ‘:
evident then that the admunistration of cortisone or hydrocortisone prio
to and also simultaneously with growth hormone prevented the develop
ment of diabetes
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od sugar curves produced by 1ntravenous glucose (075 g /kg ) m
(2) normal dogs 2nd 1n hypophysectomized (Hyphex) dog Al-9 (b) durning
the untreated state (c) durmg growth hormone regimen (first) and (d) during
2 combied growth hormone hydrocortisone regimen Growth hormone
{Armour lot #K90407R 1 mg /kg /day 1m ) given for 4 days hydrocortisone
€gumen (12 mg /kg /day 1m )} begun on the 5th day of growth hormone regt
men and piven concomtantly for 11 days
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In addition, the ds also p d the devel of the toue

phenomena usually produced by growth hormone The toxic manifestations
as described above, were most probably not related to the diabetogenc
actron of the hormone Dogs which died from growth hormone touiity dd
not show any evidence of either acetonemia or acidosis In fact, the by
pophysectomized dogs exhibiting 2 diabetic type of glucose tolerance due
to growth hormone did not reveal any glycosuria This may have been due
to the fact that the ammals perished Jong before the diabetes became severe
cnough to cause either glycosunia or acetonuria The mechanism of the
growth hormone toxicity seen in hypophysectomized dogs 1s as yet not clear

In all the expeniments discussed thus far an which combrned sterod
growth hormone regimens were used the cortisone or hydrocortisone was
administered for varying periods of time prior to the sterord growth hor
mone regimen and under these conditions the steroids presented the derel
opment of drabetes and toxicity It seemed important to mvestigate whether
the steroids could also abolish or ameliorate the diabetes and toucty al
ready produced by growth hormone i1e to admemster growth hormone
first and when diabetes developed to change the hormone regumen toa
combined cortisone (hydrocortisone) growth hormone regimen In such a8
expeniment 1t would be important to admimster growth hormone alone for
arelatively short period yet long enough to produce 2 well defined diabetes
The imit:al hormone regimen should then be changed to a combined steroid
growth hormone regimen adrumstered for a time period adequate for the
sterowds to exert therr beneficial effects but sull not sufficiently long 0 Pf
mit development of a resistance to the action of growth hormone I
Figure 16 1t can be seen that hypophysectomized dog Al 9 was given
growth hormone 1 mg /kg /day (without steroids) for 4 days as 2 result
of which drabetes and towicity developed Then a combined hydmcortlsone
growth hormone regimen was started and after 11 days the diabetes was
amehiorated as judged by the rapid fall of the blood sugar from the peak
value following the mtravenous mfusion of glucose However the blood
sugar stabilized at a level ugher than normal The toxic phenomena also
disappeared Thus 1t 1s evident that the steroids not only can present 1he
development of diabetes and toxreity of subsequently admmstered gro™!
hormone but can also ameliorate or abolish these untoward effects already
produced by growth hormone

Comment An analysis of the experiments 1n which cortisone (of hydro-
cortisone) was ad) d to hypopt d dogs reveals that th
sterords produced the following changes (1) they raised the post absorpll
blood sugar (2) they antagomzed the action of admunstered msuln (3
they dimumished the seventy of the secondary hypoglycemia of the ntra
venous glucose tolerance tests and (4) they accelerated the fall of the
blood sugar 1m these tests The well established action of the C 1117
roids namely that they enhance gluconeogenesis %, and thelr

o(ycomcoste
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Finally consideration should be given to the growth hormone adreno
cortical steroid relationship The C 11 17 oxycorticosteroids not only can
prevent the development of growth hormone diabetes and toxicity but they
can abolish or ameliorate these untoward effects produced by prior growth
hormone treatment Although 1t appears that in the adrenalectomized dog
the endogenous growth hormone exerts an antt wsulin action 1n the absence
of the adrenocortical steroids without causing diabetes or toxicity the mm
portance of the steroid growth hormone refationship cannot be dented The
experiments presented 1n this paper clearlv reveal an iumportant action of
the ad tical steroids  Foll the mtravenous nfusion of glucose
into hypophysectomized dogs these steroids accelerate the removal of the
extra sugar from the bl pethaps by g the secretion or
release of insulin. When given with growth hormone  the steroids still exert
this action and thereby prevent or abolish the diabetes usually produced by
growth hormone

1t appears then that there exists a well adjusted balance between growth
hormone msulin and the adrenocortical steroids 1n the regulation of carbo
hydrate The foll g working hypott 15 d Both
growth hormone and the adrenocortical steroids are blood sugar raistng
agents the former by inhibiting the penipheral utilization of sugar and the
latter by increasmg gluconeogenests and perhaps also by mhibsting sugar
utilization In this respect growth hormone and the adrenocortical steroids
are synergistic and can be regarded as insulin antagomists But at the same
tme the adrenocortical steroids enhance the ability to secrete msulin which
m turn antagomizes the action of growth hormone as regards sugar utihza
tion The interplay of these hormones m the normal organism 1s so perfect
that although both diat g namely growth hormone and
the adrenocortical steroids are exerting their actions the animat still does
fiot mamifest diabetes

Summary and Conclusions

1 Admumstration of growth hormone ameliorated or abohshed the
severe insulin hyp y of d hypophy d dogs
maintained on minimal doses of DCA

2 Concurrently growth hormone decreased the severity of the second
ary hypoglycemia of the glucose tolerance tests

Thus 1t may be concluded that the action of growth hormone on carbo
hydrate metabolism 15 not due to 1ts ACTH contammant and that the

d; ds are not tal for this action

3 Contmued administration of growth hormone to hypophysectomzed
dogs n dosages sufficient to abolish or ameliorate their 1nsulin hypersens:
tvity produced diabetes toxic phenomena or resulted m a development of
Speutes specific resistance to growth hormone With small doses of growth
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still disputed actton namely that they interfere with the peripheral utiiza
tion of sugar ¥ ® 7 % % could explamn the changes enumerated aboe
under I 2 and 3 However these actions could not explain the acceleration
of the fall of blood sugar in the glucose tolerance tests It must be assumed
that this 1s an wdditional action of the C 11 17 oxycorticosterotds hutherto
not described This action of the sterords namely that they accelerate the
fall of blood sugar 1n hypophysectomized dogs following itravenous g
cose admimstration also seems to be responsible for the beneficil effect
of the steroids 1n preventing or abolishing the growth hormone 1nduced
dibetes It 1s not unlikely that the adrenocortical steroids exert an achor
upon the insulin secreting function

Discussion

The question to be considered 15 whether the anti msulin and dibet>
genic actions of growth hormone are of physiological importance 1€
whether growth hormone 1s a physiological blood sugar raising acent and
an antagonust to msubin

Evidence was presented 10 previously published work® that an anterot
pituitary hormone other than ACTH exerts a significant action the reeu
lation of carbohydrate metabolism It was shown that the carbohydrate mé
tabolism of ad ! d and adr d gonad d dos
differs markedly from that of adrenal d hypophy d dogs
Thus difference was found to be due ta an anterior piturtary factor(s) stil
functioning in the adrenalectomuzed and ad \ d gonadectomize!
dogs Since ACTH the gonadotropins and thyrotropin were ehminated 2
the responsible agents 1t appeared very probable that growth hormone of
another hormone closely linked with 1t 1s the factor participating i the
regulation of carbohydrate metabolism ®

A great amount of evidence has been obtamed from i 1vo and i Vi
studies indicating that growth hormone has an action on carbohydrate me
tabolism Some of the pertinent observations were already reviewed Exd
peniments carned out on ad ! d hypoph; d dogs an
reported 1 ths paper have shown that this action of growth hormot®
due to sts ACTH contamnant and can occur 1 the absence of the adren®
cortcal sterouds

In view of these findings attempts were made to mmtiate replacement
therapy with growth hormone 1n hypophysectomized dogs Thus far lhc;:
experiments were not 1 The major obstacl d “eredln
development of resistance to growth hormone and the production of &
betes and toxicity Perhaps these difficulties may be avoided m the fu!urcll
growth hormone obtained from piturtary glands of dogs were a\mlab‘c
Also if it were possible to prepare amymals devoid of growth hormone onlyh
without exclusion of the remarmng prtuttary hormones then perhaps grow
hormone therapy, would not produce diabetes and toxic ph

15 not
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Finally, consideration should be given to the growth hormone adreno
cortical sterord relationstup The C 11 17 oxycorticosteroids not only can
prevent the development of growth hormone drabetes and toxicaty but they
can abohsh or ameltorate these untoward effects produced by prior growth
hormone treatment Although it appears that in the adrenalectomnzed dog
the endogenous growth hormone exerts an anti nsulm action mn the absence
of the adrenocortscal sterords without causmg diabetes or toxicity the m
portance of the sterord growth hormone relationship cannot be dented The
expenments presented in this paper clearly reveal an mportant action of

the ad! sterotds F the mfuston of glucose
mto hypophysectormized dogs these sterords accelerate the removal of the
exira sugar from the bk perhaps by g the or

selease of insuhn When given with growth hormone the steroids still exert
ths action and thereby prevent or abolish the diabetes usually produced by
growth hormone

It appears then that there exists a well adjusted balance between growth
hormone 1nsulm and the adrenocortical sterords 1n the regulation of carbo-
hydrate metabolism The following working hypothesis 1s suggested Both
growth hi and the ad ical sterods are blood sugar raismg
agents the former by mhib the peripheral util of sugar and the
latter by ereasing gluconeogenests and perhaps also by shibiting sugar
utibization In this respect growth b and the ad sterords
are and can be jed as insulin ts But at the same
tune the adrenocorical steroids enhance the ability to secrete msulin which
in turn antagomizes the action of growth hormone as regards sugar utiliza
tion The interplay of these hormones 1 the normal organssm 1s so perfect
that although both disbetogenic substances namely growth hormone and
the adrenocortical steraids are exerting their actions the amimal stll does
not manifest diabetes

Summary and Conclusions

1 Admumstration of growth hormone ameliorated of abolished the
severe msulin hyp ty of I d hypop d dogs
mamtained on mmunal doses of DCA

2 Concurrently growth hormone decreased the sevenity of the second
ary hypoglycemsa of the glucose tolerance tests

Thus 1t may be concluded that the action of growth hormone on carbo-
hydrate metabolism 1s not due to 1ts ACTH contamunant and that the
adrenocorticosteroids are not essential for this action

3 Continued admiumstration of growth hormone to hypophvsectomized
dogs mn dosages to abolish or their msulin hypersens
ity produced diabetes toxi phenomena or resulted i a development of
Species specific resistance to growth hormone With small doses of growth
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still disputed action namely that they interfere with the peripheral utilizz
tion of sugar ¢ ¢ % *% could explamn the changes enumerated above
under 1,2 and 3 However these actions could not explain the acceleraton
of the fall of blood sugar 1n the glucose tolerance tests It must be assumed
that this 15 an additonal action of the C 11,17 oxycortrcosterosds hitherto
not described This action of the steroids namely that they accelerate the
fall of blood sugar in hypoph: ymized dogs g intrasenous gl
cose administration also seems to be responsible for the beneficiat eflees
of the steroids 1n preventing or abolishing the growth hormene induced
diabetes It 1s not ualikely that the adrenocortical steroids exert an action
upon the nsulin secreting function

Discussion

The question to be constdered 15 whether the antt msultn and duabeto-
genic actions of growth hormone are of physiological importance 1¢
whether growth hormone 1s a physiological blood sugar raising agent and
an antagonist to msulin

Evidence was p dn p ly published work? that an antenor
pituitary hormone other than ACTH exerts a sigmificant acton 1 the resu
lation of carbohydrate metabolism It was shown that the carbohydrate 1€

bo! of adrenal, d and adrenal d gonad zed dogs
differs markedly from that of adrenalectomized hypophysectomized dots
This difference was found to be due to an antertor pitustary factor(s) S‘Hr:
f 1n the adrenal d and adrenal d g
dogs Since ACTH the gonadotropins and thyrotropin were eliminated 2
the responsible agents 1t appeared very probable that growth hormone of
another hormone closely linked with 1t 1s the factor participaung it the
regulation of carbohydrate metabolism ®

A great 1mount of evidence has been obtamed from m v1vo and m 1iro
studies mndtcating that growth hormone has an action on carbohydrate ¢
tabolism Some of the pertient observations were already reviewed Eld
periments carried out on ad 1 d hypopt d dogs ﬂﬂl
reported 1n thus paper have shown that this action of growth hormone 1s 10
due to 1ts ACTH contaminant and can occur m the absence of the adreno-
cortical steroids .

In view of these findings attempts were made to mmtrate replaceme”
therapy with growth hormone mn hypophysectomized dogs Thus far ‘htc;:
experiments were not successful The major obstacles encountered wmd "l
development of resistance to growth hormone and the production of 1,{
betes and toxicity Perhaps these difficulties may be avoided in the futuf;]e
growth hormone obtamed from pituitary glands of dogs were availal !
Also 1f it were posstble to prepare ammals devord of growth hormone anyh
without exclusion of the remammng prtuitary hormones then perhaps grow
hormone therapy, would not produce diabetes and toxic phenomena
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hormone toxic mamfestations were avoided, but resistance occured
whereas larger doses produced diabetes and toxicity

Consequently, replacement therapy with growth hormone 1 hypophysec
tomized dogs wns not successful

4 The admmstration of C 11,17 oxycorticosteroids prior to and sunul
taneously with growth hormone prevented the growth hormone diabetes
and toxicity Furthermore, the steroids abolished or ameliorated these un
toward effects produced by prior growth hormone admnistration

5 Untreated hypophysectomized dogs exhubited two types of glucose
tolerance curves (a) 1n the first type the blood sugar fell rapidly from the
peak values reached at the end of the glucose infuston and exhibited a sec
ondary hypoglycemia (b) 1n the second type the blood sugar fell slowly
from the peak value and the appearance of the secondary hypoglycemi
was delayed

6 Admimstration of cortisone or hydrocortisone to hypophysecwmlzed
dogs raised the postabsorptive blood sugar and dimunished the secondary
hypoglycenma 1n all ammals The fall of blood sugar from the peak value
was greatly accelerated 1 dogs exhibiting the second type of glucos
tolerance

7 The addition of growth hormone to the cortisone or hydrocorttson®

of hypoph i dogs resulted 1 the following changes it

the glucose tolerance tests (a) the postabsorptive blood sugar was always
considerably elevated either to normal or above normal levels (b) the fal
of blood sugar from the peak value remamed rapid regardless of the tyP°
of glucose tolerance the animal exhibited 1n the untreated state and (c) the
secondary hypoglycemia was completely abolished with the blood sugar 1¢
maining at normal or above normal levels

8 The msulin hypersensitiity of hypophysectomized dogs was amell
orated by the administration of C 11 17 oxycortrcosteroids and was abol
1shed on combined steroid growth hormone regimen

Tt 1s suggested that the ability of the adrenocortical steroids to accelerate
the fall of blood sugar m hypophy dogs followmng 11 s
glucose nfusion 1s due to a facilitation of msulin secretion Furthermore
this action of the steroids may be responsible for their beneficral effects ob
served n the combined sterord growth hormone therapy
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followed and many of them died In 1949 at about the same time Cotes
Reid and Young and our group carned out further experiments with more
punfied growth hormone preparations I remember that I did this wosk here
1 the Umted States in January with Dr Anderson From thts time on we
have recogmized two types of hypophyseal diubetes One the transitory
type 1have called hypophyseal diabetes although Dr Young has called 1t
whohypophyseal thabetes Now we can call it idiosomatotropin diabetes as
Dr Campbell 1s domg The other type 1s the permanent diabetes which [
have prefived metahypophyseal Dr Campbell has referred to it as meta
somatotropin drabetes

It 15 very well known that the growth hormone n the rat can produce
hyperplasta and hypertrophy of the islets of Langerhans We have been un
able to cure diabetes m dogs as Dr Campbell also has been unable to do In
rats however we have riversed the duabetes developing after subtotal
pancreatectomy These ammals will become diabetic for a time but gving
tb m growth hormone results 1n hypertrophy and hyperplasia of the istet
tissue and many of these antmals lose thetr diabetes

That growth hormone and the diabetogenic substances are the same has
not been completely established but 1n every expeniment to date we hase
found a defimte parallehism of action Yesterday Dr Withelm: spoke of the
growth hormone of fishes Many years ago we demonsirated that prepara
tions of fish pitwitanies have practically no growth hormone action and no
diabetogenic action in mammals We found that the dog hvpophyss has
both diabetogentc and growth action m the mammal More recently in the
Ppitwtary extract of whales that are very common n our Antarctic Sea we
found both diabetogentc and growth actron I will not mention the activitres
n other species because they are known by everyone here

It you use animals which have been partially pancreatectomized dia
betog p: can be d d 1n some other hormones of the
hypophysis and m other substances not of hypophyseal origin  For instance
alter removing most of the pancreas 1t 1s possible to obtain either transitory
Or permanent drabetes with thyrord and with the corticords As Dr Best
knows very weli dogs are guite resistant 10 the cortrcal hormones they have
1o diabetes with cortisone or hydrocortisone alone Reduce the mass of the
Pancreas however and you can demonstrate either temporary or permanent
diabetes We hase recently mnduced metacortial diabetes n dogs We have
found also that prolactin 1s diabetogenic In the latter expermments we have
used prolactin prepared by the method of Bates and more recently a pro
lactin prepared by Dr Li In parttally pancrettectomzed amimals recen
10g prolactn we have produced diabetes in 7 of 11 dogs and 1n 7 of 8 cats
In these expenments we have found degranulated beta cell 1n the islets of
Langerhans of certain dogs and hydropic vacuolization in the same cells of
€ats which had recetved prolactin

The problem of purity comes up agatn and again whenever we speak of
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DISCUSSION
Growth Hormone and Energy Sources

Designated Discussion
BERNARDO HOUSSAY The name Growth Hormone 1s a provistonal name I

1s 1 listorical name also b this sut was 1dentified by expen
ments 1n hypophysectomized ammals using tail growth bone growth and
the increase in body weight and in epiphyseal width as the test But there are
many hormones of the body which have some regulatory influence o0
growth Many other hormones of the hypophysis have some effect o
growth Prolactn exerts an effect m the dove Thyrotropin adrenocott
cotropin and the gonadotropins have actions on end-organs which n tum
influence the growth process Furthermore growth 1s possible in mammals
without the hypophysis for m the first weeks of age hypophysectomy does
not interfere with growth If we know of these himitations we can continte
to use the provisional name of growth hormone

A second pomt 1s that the so-called growth hormone has a regulatory
actron on many functions other than growth Most of these functions are
metabolic but until we know more about the mecharusm of action of growth
hormone on these various processes we can provisionally mamtait the
name Growth Hormone

The pituitary exerts an action on carbohydrate metabolism both 1 normal
conditions And in diabetes The suppression of the pituitary can diminish
the symptoms of diabetes This we have known since 1930 And we have
known also from this ime that the mjection of prtuitary extract can agait
produce the symptoms of diabetes with more intensity than before From
this time on the diabetogenic action of growth hormone was Anown In
1932 diabetes was produced both tr ly and per ly n partiatly
pancr d dogs g pituttary extracts The reduction 1 the
mass of the pancreas 1s extremely important for the sensitization of the
amimal to growth hormone The ammal becomes extremely vulnerable 10
all diabetogenic actions and I remember that in 1932 we obtained permanent
diabetes m such sensiized dogs But m 1937 Young nduced drabetes n
non operated dogs recetving pitutary extracts This was very xmponan: fﬁf
many teasons and he deserves special de for the a
ment We were unable expenmentally to produce permanent diabetes 1t
1932 pnmanly because the toxicity of the extract was too great After s¢¥
eral days of injections the ammals became anorexic and prostrate vomuting
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mto consideratton the balance and nteraction of the hormones It s

perhaps one of the most impoctant and difficult aspects of endoctinctogy
General Discussion

ERVEST KNOBIt I would hike to apologize for agamn sntroducing a discordant
nate sato this discussion particntarly with reference to species differences
We have studied some aspects of growth hormone effect on carbohydrate
metabohsm i the rhesus monkey In Figure ! 1s shown the effect of the
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prolonged admimistration of beef growth harmone to a senes of normal
adult female monkeys The penod of hormone admimstration was some
40 days at a dose level of § mg per kg per day The solid Line depicts the
Rlucose tolerance curve of a senes of pormal monkeys while the vertical
hne represents the ranges of response The dotted kine represents the glucose
tolerance curves exhitated by the female adult monkeys treated with
growth hormone and the vertical line agam mdicates the range of response
Tt will be noted that growth hormone m the rhesus monkey did not alter
the glucose tolerance toward the dibetsc type

In Figure 2 15 shown the effect of growth hormone on the glucose tolerance
of the hypophysectomized monkey The top hne represents a composite of
the gucose tolerance curves obtamed from a normal group At fhe bottom
3 the glucose tolerance cusve obtasned i 2 non treated by pophysectopuzed
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the hypophyseal hormones We cannot say definutely that the action heh
we attribute to the growth hormone 1s actually due to this hormone butto
date there has been a striking parallehsm Dr Rerd has done much work
in this direction and what we have observed 1s similar to the results be
mentioned Dr Raben has been very kind to send me a preparation which
he previously found to produce growth yet no diabetes We readily demon
strated diabetogentc properues i this preparation much as m our othet
growth hormone preparations Probably, this discrepancy 15 a matter of
differences m solubility and absorption because we used a very shehty
alkaltne medium

Another problem i experimental diabetes which has been raised here
and which Dr Long knows so well 1s the relatronship of the adrenal to the
piturtary action You are famihar with the fact that in some species adreno-
corticotropin has very striking d; I actions, espectally m rats In
other species such as the dog the growth hormone diabetogenic effect 15
readily manifested while in the rat growth hormone has very lttle drabeto-
geme activity In the dog both growth hormone and prolactin frequently ar¢
more diabetogemc than 1s corticotropin Dr Long and hus collaborators
1 1940 demonstrated a synergy of both hormones (adrenal sterods and
pituttary growth hormone) and we have repeated this expeniment it doé’:
with sumilar results It was difficult to produce diabetes i adr
dogs but this result was achieved when such an ammal was partially p22
createctomized and then given the pituitary preparation Dr de Bodo men
tioned that m the adrenal d hypoph d dogs he was unable
to induce the diabetes with growth hormone If he used an ammal with 2
reduced pancreatic mass perhaps he would be able to do so What he 578
1s the repetitton of what everybody was discussing some years 280 about
the impossibility of obtaiming a diabetogemc action of anterior prtuttary
extracts 1 adrenalectormized dogs With Biasobtt: and Dosne we have

t d a diabetic resp in adrenal d dogs with subtotal pt

createctomy (extirpation of 80 to 87 per cent of the pancreas) Since reading
the very important papers of Dr de Bodo about the mteraction of cortisone
and growth hormone n hypophysectomized dogs we have carried out the
same expeniment in dogs with the hypophysis intact but with a partid
pancreatectomy To date the only thing which we have observed was that
dogs treated with cortisone or hydrocortisone became much more sensitIve
to the action of growth hormone We have been unable to obtain the balance
or the equilibrium 11 our dogs which he achieved 1n his hypoph)sec(omxlcd
ammals

One of the most mmportant problems of endocrinology 1s defintng the
relationships of the hormones and for this reason the experiments of Dr
de Bodo and collaborators which no one has done before are notable and
they deserve a special consideration In my opimion 1 all these expert
ments on diabetes and on every problem of hormonal action we must take
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EFFECT OF GROWTH HORMONE (ARMOUR LOT No R491017)
ON INSULIN SENSITIVITY IN A HYPOX MONKEY

BLOOD GLUCOSE

my %

130y 003 UNMTS NSULIN 1Y
AT O TiME
1o

10|

100

COMPOSITE NORMAL INSULIN SENSITIVITY CURVE

50)

40

20} HYPOX

20 CONVULSIONS ‘Ju

CONVULSIONS
1of HYPOX 4+ GROWTH HORMONE
Gmgrardy ! 347t
STTiG i 2 25 30 35 40 45 8o 3 60
TIME — MINUTES
Fig 3

the hypophy d dog as reported by Dr de Bodo In this monkey
however the ad 1on of growth h at the above mentioned
fate for 5 days 1f anything d insehn 1 that convul

and coma appeared earlier than before hormone treatment It would be of
interest to hear the comments of Dr de Bodo and Dr Lukens with reference
to the role that the pancreas might play mn these vanous responses to growth
hosmone in the dog and the rhesus monkey

IRBY BUNDING (The Armour Laboratonies) I came here pnmanly to find
out what has happened to some of the growth hormone I sent out and
secondly to seek an answer to a problem which has been confrontmg us for
the last several months It deals with the effects of bovine patuitary gro vth
hormone 1n swine I should sty now I am mdebted to Dr Astwood for a
comment he made 1n regard to specificity We have tried thyrotropm ACTH
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EFFECT OF GROWTH HORMONE ON GLUCOSE TOLERANCE
OF A HYPOPHYSECTOMIZED MONXEY
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rhesus monkey It 1s quite similar to the glucose tolerance curves described
by de Bodo 1n hypophysectomized dogs with the secondary hypoglyce™?
It looks a httle different because the scale 1s not comparable Growth hot
mone was given m doses of 5 mg per kg a day for six days which 1s a ety
large dose compared to the level that Dr de Bodo used 1n his hypophyse®
tomized dogs However this did not bring about an appreciable difference
1n the glucose tol of thts hypopl d animal

The effect of growth hormone on the insulin sensitivity of 2 hypophyse¢
tormzed rhesus monkey 1s shown in Figure 3 Again the top curve repre
sents data of the response of normal amimals to 05 umit of nsultn given
intravenously at zero time The vertical hnes represent the range °d
responses Below 1s the curve of the resp of a hypop! 2 .
rhesus monkey to the same dose of insulin You will note that the respﬂ“sf
nsulin of the hypophysectomized amimal 15 quite comparable to that ol

to 1
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Firstly ase all yout corticotropin preparations acttve? The reason I ask this
15 that at the tume I was working on the adipokmetic activity of corticotropin

all preparations were not found active even though they were said to be so
from a corticotropin pont of view Secondly if these are all active prepara

tons do the corticotropic and adipokinetic properties run essentially
parallel” ¥ might ask also whether or not your corticotropm mobiluzes fat
e adrenalectomized anumals Dr L has told me that thes 1s a property of
some of his pure preparations Fally do you find preparations which
possess nether corticotroprc nor growth effects yet have adipokinetic
actvity? And sn concluston I might add a munor phdosophic point of my
oxn and one which I am inclined to believe Dr Astwood wonld accept If I
have interpreted the data correctly growth hormone corticotropm and
possibly some preparation without either of these properties ali have
adipolunetic activity As a philosophic constderation or &t least from a
teleological point of view this does not sound reasonable I suspect that
what we must do s to wait unta! the physical chemusts have done a httle
better job and unnf we can deal with homogeneous molecular species

TRVING GESCHWIND We have conducted a series of expenments over the
fast 2 years which have been concerned with the adipokinetic efiect of both
corticotropin and prowth hormone preparations There 15 one thing Dr
Levin said which I would like to clanfy at the present tme 11 15 1o the effect
that m the adrenalectornized ammal neither growth hormone nor ACTH
will cause an adipokmettc effect without the permissive action of cortisone
or Compound F Cortisone or hydrocortisone 13 necessarv for such actjon
Now, Dr Levin mentioned that <ome older ACTH preparations did not
show good adipokinetic effects 1n spite of the fact that thesr ACTH actpaty
was vouched for Qur experience with the alpha-corticotropin has been that
i has a very poor adipokmettc effect when admuustered n an aqueous
solution However when adrmmstered m beeswax peanut od as 2 delaying
medium it has an excellent adpokunetic effect with as Iittle as 3 gamma
being quite active 1n the fasted mouse On the other hand beeswax peanut
ot has o effect whatsoever 1n enhancing the adipokinetic effect of growth
bormone preparations Thrs dichotomy 1s further revealed by exposmng the
harmones to a senes of tr such as Dr Astwood d For
example pepsin treatment of ACTH leaves both the corticotropic actmty
and the adipokinetic activity mntact On the other hand pepsm treatment
of growth hormone under the exact same condiions destroys both the
gowth hormone activity and the growth hormone adipokmetic actinity In
the reverse sense, chymotrypsin treatment as Dr Li pointed out yesterday
leave growth hormone mtact for bath growth and adipokinetic actmty
41 corticotropin 1s treated with chymotrypsin under the same condtsons
Both the corticotropic actity and the adipok actiwity are d d
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and growth hormone 1n swine Of the last only we found that a dose &
small as 45 mg on 2 consecutive days given to a 600 Jb sow will knoch
her deader than a door nail  Corticotropin and thyrotropin do not hae
this effect It 1s of interest to mention that in the course of our mestigation
we have found about 10% of the cxamuned swine to haye a pre-exstag
poor tolerance for a test load of glucose We thought for a while that the
sensitivity to growth hormone mght be assoctated with this It appears not
to be the case We think the reaction 15 dependent on the age of the anmal
The young ammmal and I am taking a lead from Dr Youngs book, the
young swine treated with growth hormone do not respond with this ighly
toxic manifestation They reach a stage, however when they become sus
ceptible and I am most curious as to what precisely 1s the cause of death
I brought some histological shdes which 1 showed to Dr Hartman ths
morning hoping he could grve us perhaps a pathologists viewpoint 00
what went on 1n the ussues There were some defimite changes but be felt
much more study was necessary before drawing any conclusions Tan

debted to both Dr Campbell and Dr de Bodo for mentiontng these 10u¢
manifestations of growth hormone Perhaps they may prove to be ey
important

BERNARDO HOUssAY The experiments on monkeys reported by Dr hrobd
remind me of the results 1n many species resistant to growth hormone But
remove part of the pancreas and usually the acuon of growth ‘hormone
becomes very apparent Accordingly I think 1t will be very smportant 0 d
this in the expeniments with monkeys

rouis LEVIN {National Science Foundation) Several questions were elictted
1n my mind by Dr Astwood s fine presentation and I wish to comment 02
his philosophic pomnts 1f I may at Ieast on one of them The first phile-
sophic pomt, as I take 1t 1s where Dr Astwood lined up the vanous
activities of growth hormone 1n order of the dose required to ebett the
response This is a very mterestg idea and he 15 probably on the 1ght
track However 1 would like to offer for consideration an amendment 2
pomt of order or something to that effect This idea of Dr Astwoods 1S ml'v
good provided you have lined up the activities on the basis of what actualh)’
happens under physiological conditions In other words 1f we remove the
pituitary from an animal treat the ammal with a hormone and find that the
latter does a certan thing at a given dose this 1s not necessartly a physi©
logical condition I presume many of the activities he has hsted have been
obtaned more or less 1n this fashion Therefore the List may be subject
to a revision 1f and when the particular activitres can be lined up according
hys:ological conditrons
© ;‘el:‘:rg Zre segveral questions which T would like to ask Dr Astwood



ENERGY SQURCES 327

with the same techmque used m Professor Collips taboratory to demon
strate antihormones we have neser found eudence of them i animals
chroucally treated with the geowth hormone preparations then avadable
Recemly we have approached this subject from a different pomt of view
uging 2 growps of sats In group one the rats were pattally fasted so they
could pot grow In the other the rats were fed ad Ub and both groups
were treated with growth hormane We found as expected that the normally
fed and rapidly growing rats finally seached the plateau 1e they didnt
grow any more at any dose of growth hormone If at that ime we made @
possible for the parnnlly starved controls 1o grow by ptving them additronat
food they did so and grew rapudly even after months of pretseatment with
heavy doses of growth hormone had faded It does not seem very hikely that
any serologicat reaction could account for this resistance to treatment with
the growth hormone unless you assume that dunng the parinf starvanon
penod the meck of the h had been miubited

CHARLES BEST (Charrman) Dr Astwood reported that hypoglycemia would
follow the tnjection of certamn of bis punfied corticotropmn preparations
Was he able te get this fall 1 sugar m the absence of the pancreas? Does he
agree with Dr de Bodo s statement that corticotropn hay no extra adrenal
metabolic effect?

Could I'ask Dr de Bodo whether appropnate amounts of wsulin would
change fus Type i cunve smto his Type I cusve? The delayed owrve 1 be
heve he calied Type 1

E B AsTWQOD | am glad that Ds Levin pomted out one objection to the
Dbusiness of histing hormonal effects 1 the order of the dose requited There
are a number of objections to thus procedure wingh I am sure have owcurred
to some of you Certan physwlogical effects requice much smaller dose
levels than others For example the fall in ascoric acid content of the
adrena] cartex fol! ©an ! p and
Y&t anather effect such as lowenng the glucose tolerance may require 2
much larger dose But they are afl part of the same phenomenon of cortt
eoltopn action We have not tested the older preparations of corticotropmn
recently but olf the recent preparations which we have studred have been
equally active We have not been able to effect a separation of the adipo~
aneuc and the cortreotroprc effects

Dr Geschwind has alreadv answered the question as to whether or pot
the adsenals are necessaty for the adipekinetic action of corticotropm |
think st was first shown by Dr Payne and confirmed by Dr Levin At least
one needs to gue 10 the 1 d animals for fat mobih
zton te oceur 1 am not sure there are any Pumtary hormones which
produce fat molulization and which sre totally free of cotticatropm and
growth hormone 15 15 true that many thyrotropic preparations contam a
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KARL PASCHKIS I have two questions for Dr de Bodo One perhaps 15 of
more peripheral interest In the dogs which eventually became resistant or
farled to respond to growth hormone have you tried to passnely transfer
that resistance? Is 1t possible with the serum of such dogs to do this by the
old classical approach to antthormone formation? Secondly your sttt
ment was that cortisone or hydrocortisone treatment protected the anmils
agamst the diabetogenic action of growth hormone Have you done this
1 long term experiments or 1s that only 1n the acute experiments with the
glucose tolerance test? If one gives such an amimal growth hormone fora
prolonged period of ime will 1t still not develop diabetes”

€ N H LONG Itseems in looking at the results Dr de Bodo has presented
that he has neatly balanced out the cortisone requirement of the ‘hypopby
sectomized dog agaimst the animal s growth hormone requirement He has
been fortunate perhaps but I am sure he has done a lot of work m gete?
the night dosnge The question I would Iike to ask 1s this Insucha stabilized
ammal does an increase mn the cortisone dose result in a diabetogsn®
action or following Dr Paschkis question a moment ago with the cortisone
level constant and the growth hormone dose ratsed does the ammal becon®
diabetic? Our experience with this combmation of hormones has been
limited very largely to the rat and there as Professor Houssay mentioned
it was certainly our early impression using cruder extracts of growh bor
mone that we got synergism in the dibetogeme effect of the cortzed!
steroids and the prtuitary factor

ABRAHAM WHITE I was going to approach Dr Paschkis first point
passive transfer perhaps by t g d m the synd
Dr Bunding described as knocking the pig  deader than a door natl But
1t seems to me that the whole problem of foreign protein reaction 1 2 species
has not been considered Tt 1s rather strking that 1n the rat which forms
bodies relatively madequately chronic of growth hormone for
a long period of time result 1n a continming response Younger anmals
eg young pigs which form antibodies rather madequately cannot b¢
knocked deader than a door nail  with two successive doses of hormoné
whereas the older animals form antibodies readily and are much more

about
which

susceptible Finally hypoph d or adrenal d ammals 21¢
exquisitely sensitive to anaphylaxis whereas ammals with mtact pxtulmf)’e
adrenal systems are relatively to anaphylaxis 1 think before ¥

talk about the toxicity of growth hormone i terms of perhaps an m{crrcﬂsI
metabolic action we mught consider that this reaction may be an anaphylat
due to foreign protein admimstration

HANS SELYE In connection with Dr Paschkis question about mlsmci
to growth hormone and 1ts relation to antibodies I mught mention tha
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look further for some nphormone While I am discussing this guestion
pethaps [ might anseer DBy White The sick amimals as far as we can see
do not have any anaphylactic sigas and they appear severely touc long
before resistance develops especually of the dose s large

Now pomg back to Dr Paschkis second guestton I wish to say that
perhaps Ddidn ¢ make st clear these are all long term expenments and our
anunals are recesving cortisone The mummum for this s one week 1t 15
usually seseral weels Then we change to cottisone and growth hormone
therapy which continues for weeks However we consider only the first two
weeks of combined therapy to be of value becawse we wish to avord the
{ater penod when sesistance (o growth hormone mght develop Definsiely
these are all long term experiments

Inreply to Dr Longs question I wught say that the doses were vaned
1dsdn t mention that In most of our experiments the dose of cortisone was
betwen 08 and 1 2 mg We selected a dose which we consider 18 more or
less physiological or one which makes the adrenalectomized animal normat
However we have given as much as 100 mg of cortisone to such ammals
and we did not nduce any diabetes

In regard 10 the combined therapy | didn t mention 1t for I was wornied
that sy fune would not be adequate and 1 took out some shdes at the last
minute Of the expenments during combined therapy the blood sugar level
in some ammals was elevated to 110 or 120 mg per cent In these ammals
the dose of growth hormone was increased to 2 mg  which lavel kalls every
hypophysectomized amumal withm 5 days and yet we obtamed a very rapid
drop in blood sugar So what I would Jike fo emphasize now since I didat
have time to say it before 1s that m the steraid growth hormone and msuln
tmad there 15 some sort of complex interplay In some respects they are
synergistic they rase the blood sugar The growth hormone mterferes with
the penpheral utdszation of sugar the steroid increases gluconeogenesss and
interfeses with utilization of sugar In mormal dogs we see this very cleatly
and we see it n such expenments as st mentioned because the blood
Sugar lesel 1s elevated However we bebeve there 1s another mterplay—I
hate 10 use the word antagomstic—there ts another relationship 1 which
the steroid h msulin and thereby or
prevents the hyperglycenna from prowth hormone

Finally 1n answer to the Chayrmen's gueston it makes httle difference
whether the amymal 1s of Type I or Type I response to the glucose loading
The Type I ammal 5 just as sensitive to msulm as s the Type I We did
fot give munmat doses of msulin to change the curves these ammals are
:xtrem:]y sensittve to mnsulin
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factor capable of producing fat mobl and 3t does not seem (o be
corticotropin Whether they are completely free of growth hormone, I do
not know It has been ponted out in this conference already that when
growth hormone 18 given to an ammmal whose deetary wtake 15 Tunited
weight gan can stll occur This 1s accomplished at the expense of fat, 3
first shown by Dr Milton Lee Now, under these circumstances you could
regard growth hormone as bemg a fat mobilizing substance It 1 possible
however that this effect 1s a secondary one much as if the anmal were
starved when the growth hormone was given

In reply to Dr Best s second question ¥ think 1t must be said th tif ve
use the term corticotropIn 0 mean an extract contamning it then there are
certanly extra adrenal effects Now with respect to Dr Best s first questot
about the pancreas and the hypoglycenuc action of corticotropn I can $2
1t was tried 1 alloxan duabettc animals even mild ones Jt merely sened
to confirm the findings of Russell and collaborators that evenf the drabetes
1s mild there 1s no hypoglycemia

R ¢ DE Bopo First I would hke to comment on Dr Houssay s discussion
regarding prolactin We have used profactin and have published a papet
on our study Prolactin produces an anti nsulin actton 1 hypophysectomxztd
ammals and 1t abolishes the secondary hypaglycenua We have admunstered
prolactin to adrenal d hypophy d dogs and theseby et
nated the action of the ACTH contaminant which ts always present See
ondly the prolactn was heated such that the growth hormone contamuant
was elymmnated In these experiments we stll obtained some anti msuls
action This 1s essenttally, as the matter now stands Whether or ot these
1s one hormone the so called diabetogeme harmone mixed with prolactt
and with growth hormone I couldn t answer

Now 1n regard to the second statement of Dr Houssay I ight seply
that we did not take out the pancreas partially or otherwise because We
tred to establish physiological conditions as much s possible Out anymals
do not show glycosuria and acetonura because they die long before the
dabetes becomes that severe Many of these dogs died without 2 trace of
acetonemia

As to Dr Knobils problem m the monkey I have no nswers I dont
know why he faills to obtain any dizbetogemc action 1 the monkey

Turmng to Dr Paschkis question I will say we have done a great many
expenments m regard to the resistance to growth hormone Dr Adams
our Professor of Immunology tried to determune whether or not there ar¢
precipitms present He pted passive 1on but he didn ¢ U
ceed We ounselves took 10 ml of serum from the resistant dogs dissolved
(he growth hormone 1 the serum and admumustered it to dogs whth never
had recewved growth hormone That did not block the hormone actien n
the ammal We are now about ready to take larger amounts of serum 3%
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which were pair fed with the controls gren well for about twenty-one days
and thereafter grew only very slowly for the remaining month of the treat
ment 1t seemed to us that this reduction 10 growth rate of the pmr fed
ammals reflected not a change n senstivity of the rats to growth hormone
but rather a depl of some endog b the p of
which was necessary for growth

Inan experument designed to test this hypothesis we followed the changes
mthe growth rate mn body composition and the resptratory quotient of both
normal and growth hormone treated rats ®

The results of this expeniment showed that while growth hormone treated
rats had free access to food their growth rate was almost finear and thewr
carcase composition showed no marked depletion of the fat content On the
otherhand growth hormone treated rats kept on a hmited food mtake grew
for a short ime only 1n spte of d of doses of
grounth hormone The cessation of growth m these ammals was shown to
coucrde with the depletion of the fat reserves of the body to about 50
of that oniginally present

Measurements of the respiratory quotient of the treated animals showed
that while the control rats had the R Q charactersstic of a mred proten
fat carbohydrate metabolism about © 85 090 the growth hormone treated
ratshad an R Q charactenstic of a metabolism based entiely on fat 1¢
around 072 This low R Q was mawmntaned by the treated rats given un
Immted foods for the whole of the experiment  Although the R Q of the
hmit fed treated rats started at this low level 1t began to nse after some
wenty days and by the end of the expenment had reached a value inds
tngurshable from that of the controls Carcase analyses of these two groups
of 1ats indicated that the fat bemg burned in the free fed treated rats was
mamly of dietary arigm but that wiich was bemg burned n the it fed
fats came largely from the fat depots

The facts I have just descrbed suggest 2 close correlanion between the
fate of new protein synthests and fat dissimilation in it fed growth hor
mone treated animals with protem synthests stoppmg when no Jabile fat
remams to be catabolised In ammals with free access to food the extra
food consumed and the energy derived from it permutted continued growth
over the whole duration of our experrment In the lumit fed ammals how
€ver no extra calones can be obtamed by an merease m food mtake and
2 a consequence the fat reserves of the body are oxidised unti! no depot
fat remans Wit the whitthing away of this endogenous supply of calones
all the dretary contponents must be oxidised to provide the energy for mam
lcnancr:, and growth ceases

In view of this conclusion we thought 1t might be interesting, to study the
mftuence of growth hormone on fatty acid catabolism? We felt that the

B8 tetm effects of growth hormone on fat catabohsm were relatively clear
but that the short term effe,t cavering the change over from 2 muxed me
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Growth Hormone and Fat Metabolism

A L Greenbaum

Department of Biochemistry University College, University of London

The very considerable changes 1n carcase composition of rats treated
with anterior pituitary extracts m favour of a retention of mtrogen and
water and a loss of fat first reported by Lee and Schaffer* and subsequently
confirmed by Young llustrate the profound effect of such extracts on the
metabolic pattern of treated ammals The pituttary factor responsible for
these changes 1s almost certainly growth hormone since, 1n 1948 Li Sump-
son and Evans® were able to report very sinular changes m the body com
posttion of rats treated with their punfied growth hormone The connection
between the pituttary and fat metabolism 1s further emphasized by the
changes occurring 1 the proportions of the body constituents after hy
pophysectomy L1 Simpson and Evans® found that hypophysecmmxscd s
lost more mitrogen and less fat than did intact pair fed controls Further
when young hypophysectomised rats are forcibly fed the same amount o
food as that eaten by normal control rats they store more fat and Tess
mitrogen than the controls 4

There seems httle question then that the anterior pitwtary can exert 2
profound fluence on the course of fat metabolism and that the factor
responstble 1s growth hormone In fact there appears to exist a pnrallcllsm
between the deposition of protem 1n the tissues and the disappearanc®
fat from the body m treated anmmals This dual effect of growth hormon®
presents us with two distinct problems The first of these 15 the problem of
how far protein deposition 1s dependent on the concurrent oxidation of 3¢
and the second 1s the actual mechanism by which growth hormone acceler
ates fat catabolism

We were interested 1n the first of these problems by a figure mn Prof¢sso
Youngs 1945 paper which showed that fully fed rats imjected with 2
growth promoting pituitary extract continued 1o grow m an almost Ineat
fashion throughout the seven week period of treatment whereas thosé rats

330
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Both the fatty actd oxidase system and the 2 carbon oxidation system are
mhibited at 6 hours By 12 hours the fatty acid oxidase system has returned
to normal and the hrebs cycle activaty 1s simulated above normal Actually
we have found that the exact ume scale of these vanous mhubitions and
sumulations seems somewhat vanable possibly due to the diffening solu
bilities of different batches of growth hommone or more probably to the
fact that prowth hormone induces two  gunte separate responses The meas
uted effect 1s merely the sum of these two and the shape of the curve will
vary as either the wtensity or duration of esther of these responses varies
T shall return to this pomt g y But it 1s heless true that the
general pattesn 1s always the same an uutial smhebition at the shorter hme
mterval followed by the nse at the longer tme mterval

In order 1o make sure that the difference i response at 6 hours and 12
hours was niot simply due to a slow sate of absorption of the growth hor
mone pving a much higher level of the hormane in the blood at 12 hours
Dr Ouaway kindly measured the level of growth hormone n the plasma
6 bours and 12 hours after the mjection of 0 5 mg of growth hormone
trapentonealty Ta Table 1 1s shown the result of tus assay

Table |
CONCENTRATION OF GROWTH HORMONE TN THE PLASMA
OF RATS INJECTED WITH GROWTI HORMONE®
{from Ottaway unpublished work)

" 6 Hrx after 12 Hrs after
Controls Imection Imection
005 380 054
o006 350 043
305
Mean DOSS 345 050

* Al vatues wn g fmi plasma

As you can see he found that the 12 hour level was much less than that
found at 6 hours which el the possibility that the resp at 12
honrs was simply dug to a nisang tide of growth hormane s the plasma

nsidening this expenrment ag a whole two interesting pomnts emerged
Fustly there 1s a rather surprssing two phase response 10 so short a tme as
12 hours Secondly there 15 the problem of the rate of acetoacetate produc
tion We have calcutated that the hver of atat treated with growth hotmone
for 2 to 3 days produces somewhere around 150-200 mg more aceto
etate per day than does the control ltver and yet we have found only
some 3-4 mg ketone bodies 1n the unne The problem 1s therefore where
this extea acetoacetate 15 oxichsed

e first mvestigated the two phase reaction For several reasons it seemed
to us Itkely that the tesponse at 6 hours and that at 12 hours could be due
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tabolism to one based predomunantly on fat would be more mstrctne
Accordingly we studied the course of the breakdown of octanotc and olex
acids 1n the livers of rats treated with growth hormone for relatrvely shot
times By measuring the oxygen uptake in the presence and absence of faty
acid substrates and the acetoacetate production we were able to caleulate
the rate at which fatty acids are degraded as far as the 2 carbon stage and
the rate at which the 2 carbon units are oxidised to CO; and water

DEGRADATION OF FATTY ACIDS AFTER GROWTH HOAMONE TREATMENT

o
ENDOSENOUS Op UPT KE AMOLS O7 USKD FOR pmons 0g VIO
PATTYAC 08 = 2C 26— €0t 20
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Fig 1

We found that the most striking changes mn fat metabolism occurred 18
the first 12 hours after the ijection of growth hormone At 6 hours there
1s an increase 1 the endogenous oxygen uptake but a remarkable decline
m the oxygen used for fat catabolism Acetoacetate production 15 also 18
hibited at this time nterval After 12 hours the endogenous oxygen uptake
had returned to normal and the oxygen used in fat oxidation had increased
until 1t was not significantly greater than the control level When the ovygen
used 1n fat catabolism 1s partitioned into two steps (a) the oxidationt Dl
fatty acids by the fatty acid oxidase system as far as the 2 carbon fragme?
formation and (b) the oxidation of the 2 catbon fragments by way of th
Krebs trcarboxylic acid cycle to CO; and water, a simlar pattern 15 ¢

vealed (Fig 1)
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ST cent Both the normals and diabetics were divided mto three groups
One group consisted of the controls and tmo groups were wnjected with 0 5
:,g 2eowth hormone followmg wluch one group was killed at 6 hours and
: e t;(thez at 12 hours As before we measured the endogenous oxygen
[pm < the oxygen aunbutable to fatty aoid catabolism and acetpacttate
omaton The results of this experunent are shown it Frgures 2 3 4 and §

1 should 3ust like to remind you that the total oxygen referred to here
acudes the end, p and rep: the combined ovygen
vdzed 1n oxidismg the fatty acids to 2 carbon fragments and 1n subsequently
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to the combned action of two contra acting hormones probably msulm
predominating 1n the first few hours and growth hormone subsequently Be
decided therefore to investigate this problem by contrasting the response
of normnl and diabetic rats to a single intrapentoneal mjection of grovh

hormone

In this experiment we used alloxan drabetic rats which had been kepi 21
days after the mduction of diabetes to make sure that they were free of
endogenous msulin Their blood sugars varied between 400 and 600 mg
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There appears to be no nhibition of the fatty acid oxidase mn either
normal or diabetic rats 6 hours after growth hormone but there 1s a stmu
lation of this system at 12 hours The stimulation 1s much more strkang
the diabetic amimals than 1n the controls In Figure 4 are shown the changes
m the rate of oxidation of the 2 carbon fragments to CO and water

Here again there 1s an mhibition of activity 1n normal rats at 6 hours
which 15 not paralleled 1n diabetic animals and there 1s the further differ
ence mn this case at 12 hours where the normal rats have recovered their
activity but the diabetic anmals have begun to be intubited In Figure 5 are
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OXYGEN USED IN Cp OXIDATION PER GRAM TISSUE
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oxidising the 2 carbon fragments to CO, and water I might point out als(;
that the inhibition of oxygen uptake 1 normal ammals 6 hours after growt
hormone treatment 15 niot found 1n diabetsc ammals and that the stimulatioft
of oxygen uptake at 12 hours 1s found in both groups Thes gross OX);ET:
uptake can be partitioned between the two phases of fat catabolism al;] )
TFigure 3 15 shown that part of 1t which 1s used in the formation of the

carbon umits
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take Iner shees from erther control rats or from rats pre treated with
growth hormone and mncubate them 1 hrebs Ringer bicarbonate soltutron
contaiming the radioactive pyruvate at 1 level of 100 mucrocuries per ltre
of medium Carner pyruvate 1s added to give a final substrate concentra
tion of 002ZM After a three hour incubation the total CO 1s collected
the hiver slices are taken and the fatty acids extracted In the breakdown of
pyruvate there 1s an mtial decarboxylation re<ulting 1n a radwactive 2
carbon umit which 1s then avalable amongst other thmngs enther for
oxidation to CO, and water or for fat synthesis The activity of the respired
CO; 1s a measure of the rate of oxidation of this 2 carbon unit and the
activity of the 1solated fatty acids 1s a measure of the rate of its mcorporation
into fat In Table 2 1s a summary of an experiment of this type

Table 2
THE METABOLISA OF 2-C * PYRUVATE IN GROWTH HORMONE TREATED

o FATTY ACIDS

TREATMENT Total Activity Specific Activity
Counts per Min | Counts/min /mg carbon

Control 10x 10° 2835
Experimental
Tnpected
05 mg prowth 120 x 10° 239
hormone 6 hrs
Ppreviously
Experimental
Injected
05 mg growth 143 x 10 17
hormone 12 hrs
previously

You can sec that the mjection of growth hormone increases the rate at
which pyruvate 1s being ovudised to CO and water You can see also the
very powerful inhibrtion of fat synthesis in growth hormone treated animals
I'must confess that the experrment 1n Table 2 was the most dramatic result
we have had so far The sevenity of the mhibition at 6 hours is rather sur
Prising in view of our previous conclusion that the ammal was predominantlv
under the mfluence of msuln at ths time nterval But what it does indicate
perhaps 15 that growth hormone 1s so powerful an mhibitor of fat synthests
that it can exert its effect even 1n the presence of mnsulin which 1s known to
have the oppostte effect We must remember of course that the growth
hormone was mjected 1nto an intact ammal and there could have been an
adrenal effect Welt and Wilhelmn® have shown that the adrenal hormones
also mhibnt fat synthests
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summanzed the last three which illustrates how very different 1s the metabo-
lism of growth hormone treated animals 1n the presence and absence of
insuln The top half shows how the oxygen uptake 1s partittoned betseen
the fatty acid oxidase system and the 2 carbon oxidation system

In normal animals the supply of 2 carbon units at 6 hours exceeds the
capacity to oxidize them and there 1s 2 resultant ketosts Later the capacty
for 2 carbon oxidation 1s recovered and the 2 carbon fragments mstead of
being shunted off to form acetoacetate, are oxidized mn the Rrebs cycle In
duabetic ammals the enzyme systems seem fully able to cope wih the
fatty acids at 6 hours but at 12 hours the 2 carbon oxidation system seems
deficient and ketosts supervenes

The data presented i the last four figures help to throw some light &0
the two phase response of fat metabolism to grow hormone The fint
phase 15 dependent to a large extent, on a functional pancreas while the
second phase seems more sndependent of 1t Many workers and 1 P
ticular Milman and Russell® have suggested that the myection of growlh
hormone causes a release of msulin which produces its charactenstic effects
for a pertod of up to 8 hours From the evidence I have presented 1 should
Itke to suggest that the first response of fat metabolism to growth hormon¢
1s largely due not to growth hormone itself but to msulm released by it exther
from the pancreas as suggested by Milman and Russell ® ot from the tissues
as suggested by Ottaway ® Thus at 6 hours the liver 1s predommaml)’ under
the nfluence of msulm which would account for the increased endogencts
respiration and the decreased fat degradation It would also account for the
reduced oxidation of fatty acid 2 carbon units 1n the krebs cycle which 18
presumably fully engaged oxidising the 2 carbon fragments dersved from
carbohydrate metabolism After 8 hours or so the insulin effect drminishes
and the true growth hormone pattern which so far had been maske‘
becomes apparent Thus the second phase mn our experiments 15 1 fac'
the true growth hormone effect an effect which 1s charactensed by 20
increased fatty acid oxidase activity and an increased ability to owdise the
resultant 2 carbon fragments through the cycle

In view of the results we obtamed when measurng the effect of growth
hormone on the enzymic degradation of fatty actds we thought 1t might be
interesting to study the reverse reaction as well that 1s the effect of growth
hormone on the synthesis of fatty acids Such a study n fact has beent made
n vivo by Welt and Wilhelm1*® who measured the rate of fat synthesis 1
rats injected with D O over a period of from one to eight days The wor
described here was done i vutro at very short time intervals I would Irke 0
make 1t clear at the outset that these experrments which are being done in
collaboration with Dr Glascock of Reading are decidedly preliminary an
are very mmcomplete but they are sufficiently nteresting nevertheless 10

orting here

me’{"}:e‘:ﬂbstrﬁe we have been using 1s 2 C** pyruvate The procedure 15 to
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There 1 one last expersment 1 would like to report and thes concerns the
tevel of ovdised 1nd reduced diphosphopyndme nucleotide (DPN) 1 hver
In the last yerr Lynen and Ochoa™ have put forward 4 scheme for the
enzymic mechamsm by which fats are synthesised and degrnded (Fig 6)

Of particular interest to us was i heto reductrse which s a DPN finked
enzyme bringing about enther the reduction of keto acads to the correspond
g bydsoty acid i the presence of DPNH or the ovidation of the hydrovy
acid to the keto acid in the presence of DPN Whether the enzyme favours
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pends on the avatlability of DPN or DPNH Indeed Lynen has sadit It
wouki appear that sn the hving celf the DENH DPN ratio may determine
whether synthesis or degradation of the carbon cham will occur It seemed
10 us most important therefore ta know what changes occurred i the levels
of the oxidised and reduced DPN m the Diver after growth hormone treat
ment Accordingly we measured the coenzyme by a modification of the
method of Holzer Goldschmudy Lamprecht and H m the livers of
growth hormene wreated rats and the results are presented s Table 3

1 would hke to draw your attent:on to onty those columns showing the
total iver DPN or DPNH and to the column showng the ratto of DPN 10
DPNH The study of the levels of coenzyme per gram of hissue are not very
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Nevertheless, we feel that the seventy of the mhibition makes 1t altkely
that the small amount of ACTH impunity, possibly present in our punfied
growth hormone, could have been the causative agent although a possble
synergistic effect between growth hormone and adrenal hormones cannot
be ruled out

There 1s another factor of course which contributes to the low speafic
activity of the fatty acids in the liver of rats treated for 6 or 12 hours and
this 1s the dilution effect caused by the mobilisation of fat to the Inver from
the depots While this undoubtedly will cause a reduction i the speaific
activity 1t could not have caused the ten fold decrease actually observed

AsIsaid this s a very prehiminaty account and we shall certamly extend
this work to cover the possibilities I have mentioned We shall also repeat
this work with 1 C'* pyruvate to get a measure of the effect of growth hor
mone on the formation of the 2 carbon fragments

I mentioned earlier the problem of the site at which the extra acetoacetate
formed 1n the hiver was metabolised We sought to answer this problem by
studying the actiity of the acetoacetate activating enzyme 1 the muscles
By using a system modified from that described by Green Goldman Mu
and Bemert!? we succeeded :n measunng the activity of the acetoacetate
activation and cleavage enzyme 1n muscle We found no difference at alim
the actwity 1n muscles from rats treated with growth hormone for 3 days 2
compared with those from normal controls There could be sev eral reasons
for this fatlure to find a difference Farstly 1t 15 always possible that there
15 no difference between the muscles and that the site of the extra metabolism
15 not 1n the muscles at all but 1n the other extrahepatic tissues notably the
Xidneys and heart But there 1s another explanation which s at present
engaging our attention

We have used an assay procedure which estimates the level of only the
enzyme m the tissue since we add all the necessary cofactors in excess
and 1t 15 quite possible that 1t 1s not the level of the enzyme which changes
but the avarlability of these cofactors As you know the activation of aceto
acetate 1s achieved by the transfer to 1t of coenzyme A from succinsl CoA
In our system excess succinyl CoA was generated by the oudation of 2 keto
glutaric acid by punfied a keto glutarate oxidase It could well be that the
rate limiting step m acetoncetate activation 1s not the enzyme sself but the
supply of succinyl CoA or even perhaps of CoA stself In this last con
nection 1t 1s interesting that Lotspeich' has found that growth hormone
treated rats develop a pantothemic acid deficiency and pantothenic acd 15 2

y p for C A Tt 1s possible that the increased 1¢
quirement 1S needed to keep pace with an increasing rate of coenzyme
synthests ad

We plan to measure several other of these CoA dependent enzymes &
1f the same kind of result 15 obtamned we shall have to extend our Jnvestign
tion to a study of the cofactor requirements in the tissues of treated rats
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results and ours This pomt will require further wvestigation Nevertheless
we weem to have found a very different state of afiaars an growth hormione
treated rats than obtawms sn normals

1t 1s not possible to account for the lugh levet of DPNH as resulting from
a decreased activity of eather fi Leto seductase or even of the whole Lynen
cycle Since the cyele 1s fully reversible and snce we ksow from previous
experiments that fat catabolism 15 proceeding at a hagh rate « follows that
the whale cycle i fully functionat We must conclude ¥ think that grawth
hormone acts on an enzyme or an enzyme system outside this cycle 1f the
trection of the cycle s gaverned by the avaslability of substeates or removal
of end products we can suggest that the ¢ycle 15 reversed by a growth
hormone induced 1mbalance such that eutber the supply of intermediates
{rom fanty aeids or the removal of mtermedidtes by § keto tolase 1s stimu
fated The high level of DPNH m our treated rats can be etplamed quite
simply as being the result of fasty acid catabolism and not 15 any way as a
drving farce for fat synthesis Thus with each catabolic tarn of the ¢ycle
two hydrogens are remosed from the hydroxy acid to produce the keto acid
and tus reaction 15 hoked to the reduction of one molecule of DPN 1o
DPNH The imterest of this particular expeniment is that it directs our atten
tori away from the Lynen eycle as a possible stte of growth hormone action
towards those enzymes which lead to the activation of 1he fatty acids prior
to their entry mto the cycle As a prehimunary attemipt we are pow 2SSessing
the effect of growth hormone on the first of these enzymes which was de
seribed by Kornberg and Pricer!® as activaung the long chaw faity acids
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Table 3
COENZYME I LEVELS IN THE LIVER OF GROWTH HORMONE TREATED RATS

Per g Wet
G ]:0 of Tissue Total Liver Total Liver by
o s DEN+ DPNH{ oy
b DPN | DPNH| DPN | DPNH
10 | 284 | 18 1864 | 775 2639 241
Controls %162 | =52 | =113 | =33 wld2 |2008
Rats tnjected
with growth s | 292 | 158 2209 | 1203 3412 187
hormone 6 hrs *76 {127 | 98 | *98 *154  [=015
previously
Rats mjected
with growth 5 | 302 | 157 | 2180 1138 3318 196
hormone 12 hrs *189 (=150 | =84 | =112 +147 | 2015
previously
I
Fishers P
Control
v 6 hours 0760 | 0005 | 0075 | 0001 0006 0008
Control
v 12 hours 0509 | 0007 | 0094 | 0001 o1t 0015
.
6 hours
v 12 hours 0632 | 0946 | 0878 | 0675 0674 0666
s

helpful because the livers from the hormone treated rats are mfiltrated to 2
vartable degree with mobilised fat

1 would like to point out first that there was an actual synthesis of total
coenzyme I after growth hormone treatment This may well reflect 2 general
pattern of growth hormone actton increasing the level of rate hmiting of
rather reaction directing cofactors and not increasing the levels of the
enzymes themselves This 1s a point which could bear further examination
Another striking point which emerges 1s that although the level of DPN
remamed more or less unchanged a considerable increase occurred 1t
DPNH a change large enough to be statistically sigmificant and to make 2
sigmificant change 1 the DPN DPNH ratio The odd thing about the
result 1s that 1t ran counter to the action postulated by Lynen 1n normal rats
1e we observed a high level of DPNH assoctated with a decreased fat
synthesis

Helmreich Holzer Lamprecht and Goldschmidt!® have found 3 correla
tion between a reduced level of DPNH and an increased acetoacetate pro-
duction 10 both starved and diabetic rats In our experiments we found 8
rased DPNH at a ime when acetoacetate formation seems to have been
\chibited and there seems to be some correlation therefore betweern their
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free of appreciibk. prowth hormone contamination to exhibit a hugh grade
of ketogenic actnvity sn the rit* This was particularly noteworthy since st
had already been shown that cortisone and hydrocortisane mhibited fasting
ketosis while adrenaleciomy enhanced it 2 Hence the production of ketosis
by way of the corticotropic property of the hormone seemed hardly Itkely
As wall be discussed Iater the latter mechanism was easily suled out by the
demonstration that the ketogeme acuvity of ACTH persisied i the adrenal
d 7at Subsequently using a dardized techmque for the detec
tion of hetogeme acuvity we examined various samples of so called punfied
pittary hormones in order to deternune what correlation there was be
tween ketogemic activity and the label on the preparation (Table 1) Al

Table 1
KETOGENIC ACTIVITY OF PITUITARY PREPARATIONS*
Doszinmg
Sample Mimmam Mo
Actne tnactive
Astwood Osycel ACTH 0030 0003
Witson Osycel ACTH (82002) 0030 e o003
Wilson Oxyecl ACTH {86890) 00 0003
Wilson Oxycel ACTH (90834) 0030 e
Witson Commercral ACTH (84364) 0100 —
Armour Growth—3PKR 3 0100 —
Armour Growth—22KR 1 0300 0100
Horner Growih—C 35 381 (Withelms) —— 0300
Wilhelm Growth—B169GH 1000 0600
Wilhelrn Growth—R111 60GH 1000 9160
Wilson Growth ST H 2 (Raben) 0800 —
Horner Growth PR 1 {Raben) 4000 2000

* This table represents only the smallest achive and the largest 10
active doses fested and therefore +5 only a crude csumate of the
ketogenic acvity of the prtustary preparatians studied

tested samples of ACTH and growth hormone extubsted ketogenic activity
but there was great variabildy m potency In general the samples of ACTH
were the most active only an Armour growth bosmone preparation
3PKR 3 approached thewm 1n this respect ‘The oxycel purified corticotra
s were the most potent m mducing ketosis Although simultaneous assays
for growth activity were not performed and hence the most switable base
hne for comparison of prowth and ketogenic activities was mussing several
of the growth hosmong samples tested were known to have high growih
ahwity (Armour 3PKR3 22KR1 Withelmt B169GH and B111 30GH)
Accordingly the data ramse the question as to whether or not growth and
ketogeme actrity ase ly prop of the same h

usther information on this pomt has been dernved from a study of the
comparative metabolic properties of 3 growth hormone sample PR 1
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Factors Involved in the Ketogenic
Action of Growth Hormone*

Frank L Engel
Depariments of Medicine and Physiology Duke University Durham N c

The problem of the relationship of the anterior pitutary gland hogmozes
to ketosis has fascinated vestigators for more than twenty years So far 1t
has defied solution Desprte substantial progress i our knowledge of mter
medtary metabolism and n the punfication of ptuitary hormones at the
present time we are still confronted by the same basic questions which have
faced all past nvestugators mterested 1n thus problem (1) Is the panciple
concerned with ketosis separate and distinct from all other prtuntary hor
mones or 1s the ketosis a by product of the metabolic action(s) of one of
more of the well known prtuitary hormones? {(2) What 1s the precise mecha
nism by which mtermediary metabolism 1s modified by the pituitary 0 restlt
m ketosis?

Originally our mterest 1n this problem was concerned chefly with the
second question but as our studies progressed 1t became increasingly
apparent that the understanding of the hormonal actions 1 Retosis must
await the identity of the hormone Most investigators have tended to sdentify
the ketogenic factor of the antenior pitwitary with growth hormone and even
those who have argued that 1t 1s a separate principle have sought 1t 10 €%
teacts which contam growth hormone rather than other known prtustary
factors It came as something of a surprise when during a study of the role
of the adrenal cortex 1n ketosis we found samples of ACTH prcsumably

h grants from ty admuasstered by
= Sampored by rserch s o e e o B b,
tories Indianapolis Indiana the Duke University Research Council and the hnho;‘lh
Institute of Arthnits and Metabolic Diseases of the National Institutes of He3

public Health Service (A 14-) and by Contract No DA-49 007 MD 14 wnh‘":f
Research and Development Division Office of the Surgeon General Departmen!

the Army
244
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being kept sn the refrigerator For all other tests the solutions were prepared
Just prior to use and as follows

! Suspended m saline and brought inta solution by adding glacial acetsic
2cid to pH 35 Complete solution was not asually achieved

2 Same as above but suspended i a vidl i a bohng water bath for 30
munutes prior to use

3 Dissolved in 0 IN NaOH and immediately brought to pH 9 5 by the
additson of 0 2N HCL

4 Dissolved 1n © 1N NaOH and allowed 10 staad overmght (16-20
hours) esther mn the refrigerator or at room temperature (25° Cy (The tests
for ketogensc and adipokmetie actvities were done on the pituitary extract
kept at room temperatuse those for growth diabetes and hyperglycemsa on
the extract at 4° C ) The solution was adjusted to pH 3 5 with © 2N HCY
for mjection

The zesults of this study are shown n Figure 1 where &t cag be seen that
preparation PR 1 1 sahne at pH 3 § extubited all five of the actavities tested
for Heating the hormone solution at pH 3 5 10 » bothng water bath resulted

RIBEK WESTERMEVER GROWIAMORMONE  (HORNER PR- §)

rey S AE 35 ST
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Fic 1 Comparatve metsbolie actwities of growth hormone (Homer PR §
Raben Westermeyer) See text fos description of test procedures The control
volumn represents the response wm the respective tests by untreated ammals The
second column shows the data for the standard preparation of the pistary
exteact prior to chemreal treatment The & vatues to the left of the column refer
10 3tatistgeal to dung untreated controls those so
1he right compared 1o the standard preparation (column. 2)
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which was prepared by the method of Raben and Westermeyer! and supplied
n generous quantities by Dr L Mitchell of Horner and Company Ltd

Montreal The hormone was tested by the following techmques (1) Grouth
actnaty This 15 a measure of 1ts mfluence on the tibral eptphysis of the
young hypophysectomized rat  The results are expressed as the width of the
epiphysis after four days of treatment with 50 micrograms of hormone daily
compared to salne treated hypophysectomized controls (2} Induced da
betes This techmque which will be described 1n detail elsewhere, depends
on the mduction by growth hormone of hyperglycemia and glycosuria 1 the
rat force fed a high carbohydrate diet and primed with a subdrabetogeat
dose of cortisone ¢ ? The index of diabetes 1s the logarthm of the pooled
values of mean blood sugar levels two hours after feeding on the 4th 20d
5th days of combined treatment with growth hormone and cortisone €0
pared with that of controls recewving cortisone alone (3) Hyperghycemain
man In normal human subjects the mtravenous nfusion of 60-100 m”
of preparation PR 111 500 ml saline in 30 nunutes results 1n 2 prompt 1s¢
m the femoral artenal and hepatic venous blood sugar This occurs withont
any change n splanchnic blood flow urea or amino mtrogen balance and,
hence 1s due to an outpourng of glucose from the hver presumabl)’ by
glycogenolysis 8® Hyperglycemia subsides soon after discontinuing the m
fusion The critenon used n this test was the maximal nse m femoral
arterial blood sugar observed during the mtravenous nfusion of PRI Th::
response 1s remumiscent of that described by Bornstem Reid and Youns

and Foa!* in ammals and attnibuted by them to a stimulation of the secretion
of the hyperglycemic factor of the pancreas (glucagon) (4) Aetogeni¢ o
mviry Male rats weighig 180250 grams and at the end of a 16-20 hour
fast recewved the test material intraperitoneally after being anesthetized wib
4 mg of nembutal per 100 grams of body weight Blood was taken from
the tail prior to treatment and the animals placed n a constant temperature
incubator at 33 C for 314 hours and under light anesthesia ! The ¢ n
the blood ketone level m 3 S hours 1n the treated rats was estimated ustng 2

d 1on' of the techniques of Greenberg and Lester's 14 and Michacls
et al 13 and was compared to that of d Is Asisd d ‘}5;
where the nembutal anesthesia and the envir tal temp

are important factors of this test the sensitivity of the anesthetized rat 10
the ketogenic factor being as much as 100 fold greater than that of the un
hetized rat* (5) Adipok actvity Laver fat was determmed by
the method of Handler!® 7 hours after the intrapentoneal injection of the
pitwitary preparation in female mice which were allowed access to food BP
to the time of mjection The controls recewved an equal volume of sabne
The assay techmque was essentially that described by Rosenberg *7
In an attempt to dissociate these activities one from another the prtuntary
extract was prep d 1n the foll g fash For the growth and dubc!g‘
genic assays the hormone was made up and used for a 4 or 5 day peno
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resistant to alkali treatment and destsoyed by buoitling i acetic rwid The
onginal observations vath oxycel costicotropin were made with samples pro
vided some four years azo through the courtesy of Br David Rlein of the

Wison Lab Subsequently a series of publ pp i from
the laboratory of Dr E B Astwood'® ©2'  which also Jent support to the
concept that this matersal eambited marked bohc actvity, snclud

adipokmnetic ketogenie RO depressing, and hypoglycemic activities and
these could not be atteibuted 1o sts adrenocortiotrapsc action per se These
data have been described elsewhere 1n this volume and, hence will ot be
reviewed here 2

ASTWOOD OYLEL CORTICOTROPIN
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Fis 2 Comparative metabolic actittes of Astwoad oxycel corticotropia

Through the kindness of Dr M Raben a quantty of oxyce! corticotropin
%23 made avaitable for study by the techmques yust described This prepa
1uon was dissolved 1n salne adyusted to pH 8 0 with 0 IN NaOH and
nected at a dose of 0 015 mg per 100 & of body wesght for the ketosts test
wihe rat and 0 100 mg per mouse for the fat mobilization test In the latter
st hiver fat concentration was measured four hours after the mection 1~
stead of seven hours as was done jn the previous study The hormone other
wie was treated stmlarly to preparation PR 1 except that it was always
brought 1o PH B 0 prior to mjection In Figure 2 are presented the results
The matenal exhuibited Tugh ketogenic ana adipokmetic activities, and both
daities persisted after expostng the matersal to atkal for 1620 houss
Since Rosenbergst reported a d~cline 1n adipokmetic actwity on bothing such
Prepaations for 23 mimutes at pH 110 another series was run m which
the corticotropin was botled 1 0 IN NaOH for 10 mumnutes As seen m
Figuwre 2 tmy resulted an complete Joss of ketogente but not of adipokineuc
actiity The differential Joss here may be related 10 the fact that Fetogenic
activily was tested at close to the mummal effevtive dose and hence partial
Toss would present as complete disappearance of activity In contrast to
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m loss of ketogenic and adipokinetic but not of growth, diabetogeme and
hyperglycemic activities Alkali treatment overmight yielded just the opposite
results, with loss of growth diabetes and hyperglycemia and retention of
adipokinetic and ketogenic responses The liver fat response was actually
ncreased significantly 1n the alkal treated extract Injection of the extract
at pH 9 5 instead of 3 5 did not influence the results This 15 of some mterest
i view of Reids observation that Raben Westermeyer growth hormone
was less active n producing diabetes and growth!® when injected at an
acd pH

The most noteworthy feature of these results 1s the fact that geowth
diabetogenic and hyperglycemic activities and ketogenic and adipokmetie
properties respectively each behaved as a group 1n therr response 0 the
chemical treatments These results suggest that the above two groups of
activittes mught be separated but thts concluston must be tempered by the
appreciation that the assay methods used have unknown and undoubtedly
different degrees of sensitivity It 1s entirely conceivable, for example that
a umiform decrease 1n all actvities might present as no response mn one (st
and a detectable reaction 1 another assay procedure However the fact that
the responses were opposite on acid and alkali treatment make this inter
pretation unlikely In addition the following data may be recorded also 28
arguments against the above view In the growth assay a 12 mcrogram dose
gave 1 good tibial response and hence one must assume that there had
been at least 60 per cent mactivation by alkal: treatment to result m a com
plete loss of response m the tibral test The diabetogenic assay gave 2 post
tive response at 1 0 mg per 100 grams of body weight and hence the loss
of activity with alkali must be presumed to have exceeded 50 per cent
Stace PR 1 contained no ketogenic activity at a dose of 10 mg per 10
grams of body weight and no adipokunetic response at a dose of 125 mg
1n both cases a 50 per cent reduction of dosage over that recorded i the
chart 1t 1s difficult to conceive that a great reduction in general hormore
activity had 1 fact occurred without bemng detected m the latter t#0 tests

1t should be noted that accordmng to the manufacturer s assay prepar
tion PR 1 was d with small of ACTH and TSH In
addiion Welt"? has found 1t to possess antidiuretic activity No assays for
any of these hormones were made n this laboratory Data will be prz:s:nlcd
below to show that ACTH per se is not responsible for the ketosis Putressin
was found to have no effect on hepatic glucose output n man No mforma
tron 1s avalable as to whether TSH was concerned with the adipokinetic an
ketogemg responses mn this study but this does not detract from the evidence
agamst growth hormone being the effective agent

Since oxycel purified ACTH was found to be a much more active keto-

nic matersal than PR 1 and other avarlable growth hormone ]:u'ep:lr.'mc»r;l‘d
al

3
i was of obvious importance to determime whether the adpokinetic

ketogenic properties of this particular hormone preparation, hikewise was
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one and reputedly did not have growth p Ansel

prop
and Hoffman ¥ ¢ 9 clumed a separation of ketogemic actwity by dialysas
which was most effective at an alkafine pH but this observation was not
confirnted by other workers Collip and his co workers also had evidence
for a separation of these two actwities  Shipley and Long m 1938%
carnied out assays for growth p prop hetoss producing and
diabetogensc actwviies ACTH TSH and prolactir m pituitary extracts
treated in different fastuons They came to the conclusion that the ketosis
could be adequately d for as & dary respi to the influences
of growth hormone on carbohydrate and protesn metabolism since they
could not separate these actissties by any techmques they tried However
Harnson and Long® noted two years later that when s salme antenor
pituitary extract 1ctive In mitrogen retestiort and ketoss was incubated
ovemght at 4° C 1n N/15 NaOH mtrogen retention actrvity was lost while
the ketosis response persisted From this observation they drew no con
clustons concerning the denuity or non entsty of the mitrogen retammg
and ketogentc activities

The recent studies of Ly and Papkof™® and of Ells et al® on the
properties of so-called punfied growth hormone prepared by different tech
mques may also have some beanng on this problem Both groups of in
vestigators have found evidence for smhomogenenty of patutary growth
hormone when treated with slkali an increasing Joss of growth activity
restlting as evposure fo alkal: 15 prolonged Ls and Papkoff found complete
loss of growth activsty after the hormone was exposed to 0 IN NaOH
for 24 hours at 0° C and for 6 hours at 25 C At atkaline pH levels the
growth hormore separated 1nto a fast and slow moving component The
former could be separated out by Ellis et al who found it to have no growth
promoting actrvity It would be of preat interest to test this component for
other pitustary bolie activities p tark K and adipok

‘The suggestion from these studies that growth and adipokmnetic activities
may be separable need not have any special imphications with respect to the
Bative state of the hormone m the prtwitary gland since 1t 15 conceivable
that atkalr treatment ymght result m the sphttng off of an active prosthetic
groupng from the parent protem On the other hand 1t does have m
portant impheations concerning the primary site{s) of metabolie action of
these fractions 1f the two sets of actvities can be shown to occur inde
pendently Thus does not obvaate the posstbility that under normal cir

thewr bolic actions are p Yy Or synerg as 15

the case with growth hormone and mnsulin and with growth hormone and
thyrord

Since all the data so far presented have wndicated that the high keto
genie and adipokinetic actvities of oxycel corticotropin have been demned
from studies on antact ammals 1t 15 appropriate to present the evidence at
this ime that thrs p 15 ot meduated by a & factor from the
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PR 1 which lost ketogenic and adipokinetic activities when boiled at pH3 5
oxycel corticotropin withstood this treatment without loss

At the mnception of the studies with oxycel corticotropin 1t was felt that
they had special sigmificance with respect to the contention that the heto-
genic factor was not identical with growth hormone since the oxyeel ACTH
was thought to be free of growth promoting actvity However Russell *
using the nitrogen retention test for growth hormone described earlier m this
mecting *  finds that this property 1s present in oxycel corticotropin and
hence one cannot assume 1t to be free of growth hormone This cbservation
seriously damages the contentton that the mamfold metabolic actiities of
oxycel corticotropm which have previously been associated with growth
hormone activity actually represent activities of a3 hormone distnct from
growth hormone Our finding of loss of growth diabetogenic and hypergly
cemtc actwvity but retention of hetogenic and adipokinetic activities on alkab
treatment suggested another possible separation which needed to be
evaluated by Dr Russell s techmque Prelimunary results by Dr Russell
with oxycel ACTH and some samples of Wilhelmi growth hormone hne

dicated that mitrogen 1s still d able after t t of the
preparations for 16 hours in 0 1IN alkali but not after 24 hours mcubation
By the conventional tibial assay she found growth actwity to be lost from
the Wilhelm1 growth hormone after 16 hours confirming our experenc®
with PR 1 We have recently exammed two samples of Wilhelm growth
hormone which Russell and Wilhelm: found to be free of nitrogen retauniré
power after 24 hours of alkali treatment and have observed that ketogen'®
actwvity 15 und hed by this t (Table 2) Further studies 2%
needed to establish with certainty the precise conditions necessary for this
separation and to establish unequivocally that growth activity 15 completely
lost

Table 2

EFFECT OF 24 HOUR EXPOSURE OF WILHELMIS GROWTH HORMONE
T0 0 IN NaOH ar 25 C*

Ruse in Blood Ketones in 35 Hours

Sample Mg Per Cent as Acetone
e -
Untreated Alkal: Treated
B 169GH 1mg 481 +061(4) 631 =135(5)
B 111 60GH 1mg 687 2053 (4) 598 =068(7)

* 5 mg of hormone was dissolved 1n 15 m! of 0 IN NaOH

1t 1s of more than passing interest to remind the reader that some of the
earliest studies on the growth and ketogenic activities of pituitary ex\rncl;
suggested that alkali treatment might effect a separation of thCSi lt:c
properties The ongmal Bumn and Ling © ketogenic extract was an alkalt
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EFFECT OF 06 Mg WILSON DXYCEL
ACTH ON FASTING KETQSIS IN
HYPOPHYSECTOMIZED RATS

100 .

RISE 1N BLOOD
KETONES
N 200
3Q MINUTES
Mg /7 AS
ACETONE
100

CONTROL ACTH
FG. 4 Effects at 314 hours of ovyecl corticotropin on blood ketone ruse 1
aesthetrzed hypophysectomized rats The study was performed three hours after
operation

there 55 st profit in evaluatng the exisung experunental data on this
subject

In Figure 5 are depicted m sch form the drary metabol
pathways mnvolved mn hetosts and shown also are some of the posuble
mechantsms by which growth hormone (and-/or the ketogenic factor) may
imtiate ketosis Tt will be recalled that the ketone bodies acetoacetate beta
hydroxybutyrate and acetone are derved as acetoacetate from the Iner
duzing the metabohsm of acetyl-coenzyme A fatty acids and certamn apuno
acds Acety] CoA 15 a meeting pont for carboyhydrate proten and fat
metabolism It may be formed durtng the catabolism of any one of these
major fuels although its major source 1s probably from fatty acid catab
olsm and from pyravate Once formed it may travel along 2 rumber of
different metabolic pathways notable antong wiich 1s 1ty condensation with
oxalacetate to enter the krebs ctnic acid cycle Here 1t 1s completely
oxidized and yields energy as ATP which 1s essential for many endogenous
Processes It can be traced on the maun pathway m the conversion of
<asbohydrate to fat it enters mto the synthesis of cholesterol and other
sterords purmes and porphynns and at is mvolved m acetylation reactions
Frally, and of particular mnerest to this discussion 1 s condensation with
another molecule of acetyl CoA to form acetoacetyl CoA This fatter com
Pound may also be formed as an ntermedrary during both the catabolism
and anabohsm of fatty auds Tt s formed m all tissues which are capable
of burning fatty acids However 1t escapes into the blood stream from only
08¢ tissye the lver because of the umque existence in this organ of an
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pitwitary or adrenal cortex of the reciprent In Figure 3 are shown data to the
effect that oxycel ACTH nduces ketosts mn the hypophysectomized rat
while in Figure 4 are presented data on the stimulauon of ketosis by cortt
cotropin 1n the adrenalectomized rat d with erther desoxycort
costerone or cortisone acetate It should be noted that not only were con
stderably larger doses of corticotropin required than 1n intact rats but the
response 1n ketosis was also less In view of the fact that even mmnor degrees
of fatluse of the peripheral circulation depress fasting ketosis mn the rat®
the lesser ketosis 1n the hetized adrenall d or hypophysect
nuzed rat need not be interpreted as indicating an intrnsic lack of respon
swvity to ketogenic factor in the absence of the piturtary or adrenal Indeed
the unanesthetized adrenal rat m d i good condition
with DOCA develops greater than normal ketosis on fasting S The response
to corticotropin was sigmficantly greater 1n the adrenalectomized rat mam
tained on 0 5 mg cortisone making it necessary to consider the possibality
that the high ketogenic activity of corticotropm 1s based on 2 synergist
between the ketogenic factor and adrenal steroids 3" 37

We come now to a consideration of the possible sites of action 1
medzary metabolism of the ketogenic factor Although it 1s apparent from
what has already been stated that a final solution to this problem must
await a decision concerming the precise nature of the ketogenic factor

nter
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celerated I ly Under the mft of hepatic deacylase aceto
acetate 1s released into the blood stream hetone bodees tend to 1ccumulate
since the rate of release easily exceeds their rate of uptake and utshization
by the extra hepatic tussue The continued owdation of acetoacetyl CoA
and acehy CoA 1 muscle and other peripheral tssues 1s much less de
pendent on carbohy drate utihzation than 1s the same process sn Iver since
the latter contans an enzyme f decarboxylase which allows oxalacetate
1o dram out of the system Thus m the extra hepatic ussves 2 dechne m
oxalacetate does not readil, occur and the exdation of acetyl CoA may
continue even when carbohydrate 15 d d It 1s weil hnown
that ketone utilizatron remamns normal i diabetes melhius It should be
ooted that CoA 15 involved n many steps 1n the metabolism of fat acetate
ard pyruvate Hence the bol of these s 1s de
pendent on the presence of CoA In this respect the formanion of acetoace
tate from acetyl CoA. by the finer may be viewed as a means by which free
CoA 15 returned to the hiver when this process cannot be achieved at the
usual rate, either by the complete synthests of fat or by the oudaton of
acetate in the krebs cycle Ths enables fat catabolism to contmue

In Figure 5 we have andicated by appropriate numbers those steps
metabalism which have been suggested as definute sites of action of growth
hormone and/or adipolsmin and the ketogemie factor The broken hnes
indicate slowing or inhibition and the unbroken fines indicate strmulatian
or speeding up of bl under } 1 iofl The fol
fomng are the sttes of action which have been demonstrated or strongly
suggested by the expersmental data  They are mdicated on the chart by the
Appropriate number some of the numbers are encurcled and some are not
depending on whether the action 15 an mhubiting or stumulating one e
spectively The dot beside the number should be overlooked

1 Inhibition of the hexohmase reaction %

2 Inhibition of a step m glycolysis below hexosediphosphate This 15
selatedto the R Q depressing and glycostatic activity of pitmtary extracts

3 Sumulation of the conversion of amuno acds to protemn and/or
whubition of amino acid catabolsm * 44

4 Mabilzation of fat from the depots to the liver+ 4244

5 Acceleration of fatty acd catabolnm *

6 Intub of the of car to fat or of the re
synthesis of fat from acetyl CoA *¢ 47 This mught be considered as a con
sequence of 1 and 2
7 Tuhibition of the oxidation of acetate via the Krebs cycle
From the previous discussion and exammation of Figure 5 1t 1s clear
that each of the seven suggested sites of action of the pitwitary hormone(s)
15 such as to lead directly or 1ndwrectly to a sumulauon of ketone body
formation 1n the Iver It s thus obvions that it will be very difficult to
*.ch a final decision as to whether one or several pituitary hormones are
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enzyme deacyl which splits yl CoA to te and CoA
All other tissues continue the metabolism of acetoacetyl CoA as indieated
m Figure 5 Most tissues (notably heart skeletal muscle and kidney)
possess an active enzyme system concerned with converting acetoacetatt
from the blood stream back to acetoacety] CoA The CoA 1s dermved from
sucemnyl CoA during the oxidation of o Letoglutarate to succinate i the
hrebs cycle Acetoacetyl CoA may then be used either catabolically via the
Krebs cycle or it may enter mto some of the synthetic reacttons poted
above

There are currently two prevailing views to explain ketosts within the
framework of the metabolic pathways just outlined both views considering
acetoacetate formation by the liver as an overflow pathway when for any
reason there 1s a relative or absolute increase 1n acetyl CoA One rehotes
an increased avarlability of acetyl (oA to a deficiency m oxalacetate (sec
ondary to impaired carbohydrate utilization or to accelerated protem anabo-
lism) with consequent slowing of the Krebs cycle The second view places
major emphasis on a lowered rate of Itpogenesis from carbohydrate 'Anﬂl[
acetate which also would be a g of pured o
glucose since fat synthesis 1s Iinked to some step 1 glycolysis 3 In enh‘er
case the supply of acetyl CoA and acetoacety] CoA would be considerably
increased and this would be magmified if fatty acid catabolism were ¢
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celerated 1 ly Under the mnft of hepatic deacyl aceto
acetate 1s released 1nto the blood stream  Ketone bodies tend to accumulate
smce the rate of release easily exceeds their rate of uptake and utihzation
by the extrn hepatic ussue The contmued oxidation of acetoacetyl CoA
and acetyl CoA 1n muscle and other peripheral tissues 1s much less de
pendent on carbohydrate utilization than 1s the same process mn liver since
the latter contains an enzyme, f§ decarboxylase which allows ovalacetate
to dram ont of the system Thus in the extra hepatic tissues a decline 1n
oualacetate does not readily occur and the oxidation of acetyl CoA may
continue even when carbohydrate utilization 1s decreased It 15 well known
that ketone utilization remans normal m diabetes mellitus It should be
noted that CoA 1s mvolved 1n many steps 1n the metabolism of fat acetate
and pyruvate Hence the continuing metabolism of these matersals 1s de
pendent on the presence of CoA In this respect the formation of acetoace
tate from acetyl CoA by the liver may be viewed as a means by which free
CoA 15 retumned to the Liver when this process cannot be achieved at the
usual rate euther by the complete synthesis of fat or by the oxidation of
acetate in the krebs cycle This enables fat catabolism to contipue

In Figure 5 we have indicated by appropniate numbers those steps i
metabolism which have been suggested as defimte sites of action of growth
bormone and/or adipokimin and the ketogenic factor The broken lines
mdicate slowing or inhibition and the unbroken lines indicate stimulation
ot speeding up of metabolic reactions under hormonal mfluence The fol
loMng are the sites of action which have been demonstrated or strongly
suggested by the expenmental data They are indicated on the chart by the
2ppropriate number some of the numbers are encircled and some are not
depending on whether the action 15 an mhibiting or stimulating one re
spectively ‘The dot beside the number should be overlooked

1 Tnhibitron of the hexokinase reaction 3

2 Inhibition of a step m glycolysis below diphosph This 1s
relatedtothe R Q depressing and glycostatic activity of prtuitary extracts *°

3 Stimulation of the conversion of ammo acds to protem and/or
mhibition of amino acid catabolism 2 ¢4

4 Mobilization of fat from the depots to the lver 4245 4

5 Acceleration of fatty acid catabolism %

6 Inhibition of the conversion of carbohydrate to fat or of the re
Synthesis of fat from acetyl CoA 4647 This might be considered as a con
sequence of 1 and 2
7 Inhibwon of the oxidation of acetate via the krebs cycle %

From the previous discussion and exammation of Figure 5 1t 1s clear
that each of the seven suggested sites of action of the pituitary hormone(s)
1S such as to lead directly or indirectly to a stmulation of ketone body
formation 1n the lwer It1s thus obvious that it will be very difficult to
reach a final decision as to whether one or several piturtary hormones are
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concerned with these vanous metabolic effects Smce the chief purpose of
this report 1s to consider the evidence for a direct nfluence of a pitutan
hormone on fat metabolism and ketosis per se no further consideration
will be given to those sites of action which produce secondary changes it
fat and ketone metboltsm (sites 1, 2 3 and 6) Nonetheless 1t should be
kept m mind continually 1n the following discusston that these are operalne
and will potentiate any direct mfluences of the hormone on fat metabolsn
Wilhelm:*¥ 49 has recently presented a very lucid resume of how fat catabo-
Iism and ketosis are modified indurectly by the effects of growth hormone o8
carbohydrate and protern metabolism

Any mterpretation of the adipokinetic and ketogemc effects of puutny
extracts must take mto account the great raprdity of these responscs Liver
fat accumulation 1s detectable withn 30-60 minutes'? while ketos:s 15 %l
established m 30 mmutes and hence, must begin mmmedsately? (Fig 6
Greenbaum and McLeans demonstration®® of an increase 1 plam
neutral fat concomitant with the nise m liver, neutral fat 1s strong ewidence
for a prmary action of the hormone on fat mobilization from the periphery
to the lver (site 4) At the present time little 1s known concerning the
precse mechamsm by which fat 1s released from the depots In view of the
speed and magnitude of thus response to the hormone 1t 1s difficult to ¢
cetve of 1t as bemng secondary to hormonal nfluences on carbohydrate and
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protem metabolism Stnce there 1s evidence that growth hormone treatment
may also cause a secretion of insulin ' which 1s known to have an oppostte
effect on fat mobilization 1n immediate direct effect of the hormone on fat
mobilization best fits the experimental observattons

The data of Young  and Greenbaum and McLean*! indicate indizectly
that fat mobil and bolism at an accelerated rate dunng

longed ad, 1on of growth h until jable fat depots are
depleted Greenbaum and McLean consider this response as essential for
the protein anabolic reaction to growth hormone and hence attribute to
growth hormone a primary influence on fat metabolism Untl the nature
of the pitustary factor(s) involved in these reacttons 1s established 1t 1s
impossible to come to a decision as to whether the sustained effect on fat
mobilization represents a primary or secondary response to one or more
hormones

Equally difficult to analyze in these terms 1s the evidence for a direct
mfluence of the hormone at site S since there are few data avatlable to
demonstrate an ymmediate effect on fatty acid catabolism per se or on the
RQ although Greenbaum ! did find a decline 1n the R Q within 24 hours
As noted above the delayed effects are diflicult to imnterpret Lotspeich
and Petersen  and Campbell and Davidson®® found that liver slices from
fasting rats exiibited d oxygen P and pro
duction within a few hours of treating the rats with pituitary extracts
The latter investigators interpreted their findings as indicating an mcreased
oxdation of endogenous fatty acids They could demonstrate no effect of
the extract on oxygen ption or ketone prod when
wis added to the medium Greenbaum and McLean's found growth
hormone to mhibit the fatty acid oudase activity of hiver homogenates dur
mg the first six hours after treatment while after twenty four hours of
freatment there was sumulation Octanoate and oleate were used as
substrates and the system was so prepared that oxalacetate was not a it
ing factor This findng 1s difficult to reconctle with the known immediate
IMcrease in blood ketones after hormone treatment Since the total ketone
Production from octarioate and oleate was increased n the homogenates

¢ginning 12-24 hours after growth hormone treatment of the rats and
Ooccurrmg without an increase n oxygen consumption Greenbaum and

IcLean suggest that the hormone may have a specific influence on the fate
of acetate presumably in the Krebs cycle (site 7) Hunter 3 also found an
Increase 1 ketone production from octanoate 1 liver slices after 8 days of
treatment with o preparation of Wilsons ACTH which we have shown to
be rich 1n ketogenic activity * Thus so far the only evidence for a direct
effect of pitntary hormone on oxidase actvity of fatty acids has been after
moderately prolonged treatment and the data of Greenbaum and McLean
Suggest that this might occur independently of an of the hi
on carbohydrate metabolism
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We have attempted to derve further information on fatty acd catsbo-
Iism by studying the fluence of the ketogenic hormone on ketonemiz 1
rats during the intravenous nfuston of 15 per cent sodum octanoate S
far, experiments have been continued up to 30 minutes after the mjection
of oxycel corticotropin The results are shown m Figure 7 Dunng the 3¢
minute control saline infuston there was a small but significant increase 12
blood ketones which was taken as the basehne for the estimation of the

fl of the diff tr At the end of the 30-runute fisos
of 1 0ml of 15 per cent sodium octanoate per 100 grams of body weight
there was a further increase 1n blood hetones The saline mnfused rats whih
had recewved 0 120 mg of oxycel corticotropin 30 minutes previously, like
wise showed a clear nise in ketone levels In the corticotropin treated rass
recewving the octanoate, there was a considerable enhancement of ketosss
which substantially exceeded that which would be anticipated from the sum
of the octanoate and hormone effects as depicted 1n the last colume of
Figure 7 These results do not distinguish between a primary of secondary
influence of the hormone on fatty acid catabolism and ketoss but do su”
gest that enhanced ketosis 1s not solely dependent on prior mobilization of
neutral fat to liver Further studies of this type are planned
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The 1solated observations of Shipley and of Tepperman and Tepper
man® that some samples of growth hormone may increase acetoacetate
production when added directly to liver slices i vitro also 1s evidence that
the p 35 not dependent on prior 1 of fat to
the liver Indirectly these observations suggest that there 1s ndeed an
mmmediate influence of growth hormone on fatty acid catabolism but 1t
must be recalled that in the Inver slice this response could be secondary to
an 1nfl on carbohydrat bol In this regard Lotspeich and
Petersen make much of the fact that they find a good correlation between
the merease 1n acetoacetate production by the liver slice and the fall in blood
sugar and liver glycogen two hours after injecuion of growth hormone Qur
own expertence has been that there 1s no necessary correlation between the
ketogeme and hypoglycemic of diff pituttary prep

Ketosis 15 a function of both hepatic ketone body production and pe
npheral utihzation Although all our attention so far has been directed to
the former 1t should not be assumed that a possible nfluence of the hor
mone on acetoacetate uptake and/or utilization can be completely sgnored
Bennett et al ® and Mirskv 7 have performed studies on eviscerated amt
mals and they interpreted the results as indicating no action of the pituitary
factor on ketone body utlization Greenbaum suggested that this process
mught be unpaued mitially nasmuch as he observed a ketonemia without
an of by Iiver h dunng the
first 6 hours a[lcr hormone inj Since other mny have found
an early mcrease 1 ketone production by liver shices Greenbaum s sugges
tion 1s open to question Nevertheless this subject needs further mvestiga
tion since a decrease 1n the uptake of acetoacetate by thick tissues would be
anatural consequence of the overall metabolic pattern depicted in Figure 5
patticularly if the amount of free CoA should become drasticilly re
duced

This discussion has given no consideration to the possible role of otber
hormones i fat mobilization and ketosis Tt should be understood that this

1s one of porary expediency with respect to time and space
since 1t 1s obvious that insulin the adrenal cortex the thyroid and perhaps
even glucagen are all mvolved to varying degrees Their respective con
trbutions will have to be assessed 1n the final analysis of this problem

Summary

1 The ketogenic action of growth hormone has been discussed 1n terms
of (a) the identity of the ketogemc factor and (b) the possible mode and
sites of action of this factor 1n metabolism

2 Ketogenic activity has been found to vanable degrees in different
samples of corticotropin and growth hormone In general the most active
preparations have been samples of oxycel punfied comcotmpm

3 The ketogenic acuon of oxycel persists 1n hy
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We have attempted to denve further information on fatty acid catsbo-
Iism by studying the influence of the ketogenic hormone on ketoemn 1
rats during the ntravenous infuston of 15 per cent sodium octanoate S
far experiments have been contmued up to 30 mmutes after the mjecton
of oxycel corticotropin The results are shown i Figure 7 Dusing the »
minute control saline infusion there was a small but sigmficant mcrease 12
blood hetones which was taken as the baseline for the estimation of the

ft of the diffe tr At the end of the 30 mngte mfuson
of 10ml of 15 per cent sodium octanoate per 100 grams of body neight
there was a further increase i blood ketones The saline snfused rats whih
had recewved 0 120 mg of oxyeel corticotropin 30 munutes presiously, ke
wise showed a clear mise 1n ketone levels In the corticotropm treated rats
recewving the octanoate there was a considerable enhancement of ketosis
which substantially exceeded that which would be anticipated from the sum
of the octanoate and hormone effects as depicted 1n the last column of
Figure 7 These results do not distinguish between a primary of secondary
influence of the hormone on fatty actd catabolism nd ketosis but do 508
gest that enhanced ketosis 1s not solely dependent on prior mobilization of
neutral fat to liver Further studies of this type are planned
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mized and adi d rats lthough larger doses are necessary to
elicit 1t than in the normal animal

4 A sample of Raben Westermeyer growth hormone has been tested and
found to be active for growth diabetogenic and ketogentc actwities m the
rat for hyperglycemic activity m man and for adipokmetic actisity m the
mouse Incubation in 0 IN NaOH for 16-20 hours resulted m loss of
growth, dibetogenic and hyperglycemic activittes while ketogentc and
adipokinetic activities remamed Thirty mmutes of boiling at pH 33
destroyed ketogemc and adipokinetic without reducing the other achwues

5 A sample of Astwood oxycel corticotropin rich 1n ketogene and adt
pokinetic activities retamned these properties both after 16-20 hours of
alkal; treatment and after borlmg at pH 3 5 The ketogenic actity of tho
samples of Wilhelmt growth hormone resisted 24 hours of exposure 10
0 1IN NaOH

6 The possibility was suggested that a ketogemic factor might be sep3
rated from growth hormone by these techmiques

7 The mechamsms by which the pituttary factor might cause ketoss
have been reviewed and the evidence presented to support the wew that
ketosts may result both from a direct influence on fat mobilization and
catabolism and from an indirect consequence of the action of growth hor
mone in carbohydrate and protemn metabolism

8 A letogemic preparation of corticotropin increased the prop!
ketone bodies appeaning i the blood durmg the ntravenous infusion of
15% sodmm octanoate This suggests that fat mobilization to the liver i
not a prerequisite to ketosis nd that the Letogenic hormone has 2 drect
or mdirect on fatty acid bolism per se
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mduced hyperk and 1ts it with cortisone and related
adrenal steroids We were perplexed on the other hand when he found m
the rat that corticotropn preparations instead of mhibiting the fastng
mduced hyperketonemia caused an actual accentuation In the non diabetic
human ACTH has the same suppresstve effect upon blood ketones as does
cortisone However in the diabetic human maintamed on small amounts of
msulin ghven adeq of el lytes and sub d to fast corti
sone will again exert a suppressive effect upon hyperhetonema whereas
ACTH or a substance which 1s highly purified corticotropin works 1n an
opposite direction It would seem probable then that tnsulin in abundant
amounts may be essential for this adipokinetic effect or for the ketone
suppressing effect of the corticords The adipokinetic or hyperketonemic
effect 15 manifested n the diabetic recewving cortxcotropin or whatever
1t 1s that nides along with corticotropin because of nsulin lack

Twould like to male one comment m regard to Dr Russell s paper of this
morming She found that a very lngh fat mtake i the absence of carbo
hydrate resulted 1n 2 more obvious effect from adi d growth
hormone or from the pituitary matenal with growth actvity than was
achieved with a high carbohydrate intake After many failures the first study
1n which we were able to demonstrate a posive anabolic effect from such
Pituitary matenal given to human subjects was 1n a patient wWho was main
tained on a formula diet contmming no carbohydrate I menuon this as a
matter of interest but supgest however that thiy obviously cannot be an
essential property of normal growth hormone nasmuch as people have been
known to grow while they were consuming carbohydrate

PHILIP BONDY [ wish to mention first of 11l that m our growth hormone
experiments in humans we have observed the very early nise of blood ketone
bodies which Dr Engel has found i rats This seems rather paradovical
mn view of the findings Dr Greenbaum reported today in respect to hus own
expeniments I may say that we also have found these changes under cir
cumstances where there were no apprecrable alterations mn other chemical
constituents of the blood bearing out the observanons Dr Knobil reported
this moming Recently we have been mterested m the effects of growth
hormone on fat synthess and Dr Lipske 1n our laboratory has started
studying the effects of this substance among others on the mcorporation of
fabeled acetate (the Cyy at the carboxyl carbon) by the plasma hipds of
normal humans When I say normal 1 mean normal 1n respect to nutrition

These patients all have cancer but they are as normal as a person can be with
this disease We have found 1 two patients so studied a very appreciable
diminution 1n the rate of ncorporation of the label by both the total neutral
fat and the phospholipid fractions This diminished incorporation was ap

patrent within a very short ime Fifty mg of a growth hormone preparation
{Horner PR 1) was given intramuscularly 24 hours before and then as an
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DISCUSSION
Growth Hormone and Energy Sources

General Discussion
CHARLES BEST (Chairman) Dr Tepperman was to have opened the dlscusS
si10n but he has been unable to attend Accordmgly we will have questior
or comments from ndividuals

ANNE MILMaN (New York Hospital) I might add a few words to the l“{
formation on species differences with respect to the diabetogentc effect of
growth hormone Perhaps Dr Bunding mught like to know what became 0
some of the growth hormone he sent us We found that young growmg
hilla rabbits d on a food intake developed €5

cosuria when treated with growth hormone for a few days Glycosuria [
appeared when growth hormone mjections were stopped after a treatment
pentod of about 3 weeks Growth hormone also increased nitrogen 1058 ar\h
diabetic signs 1 these young growng rabbits which had been treated wit

large doses of cortisone

LAURANCE KINSELL We were gratified some years ago when Dr Engel €
firmed m the rat our findings 1 human subjects relating to the fasting
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the point of actual anatomical destruction if one applies a heavy stimulus
long erough

PAUL MARRS (National Institutes of Health) I have a question to ask Dr
Greenbaum which concerns his expeniments with 2 label pyruvate In view
of the postulated action of growth hormone as possibly blocking glucose or
fructose conversion to lactic acid has he made any observations on the
mncorporation of the label 1nto glucose or glycopen?

JAMES CAMPBELL 1 was glad to hear some further discussion on the
d effect of of growth hormone on the islets of
Langerhans because I made the remark wath this in rund Dr Lukens men
tioned also that a serious decrease in the amount of kidney 1 an anmmal
under certain ctreumstances can Jead to a destruction of the remaming
tissue And of course we should recall the work of Allen 1n partially
depancreatized dogs 1 which he showed that a remnant of the pancreas
can be overstrained to destruction

CHARLES BEST But that effect was not by other hormones
JAMES cAMPBELL ‘That 1s correct

DAVID GREENBAUM There 1s only one question which was from Dr Marks
and the answer 1s very simple 1havent a clue As I have ponted out the

P are 7 y and so far we have not reached the
point of measuring anything except the fatty acids

FRANK ENGEL With respect to Dr Kinsell s comments I might point out
mn case there 15 any confusion that no basic contradiction exists between hus
observations of the ACTH inhibition of ketosis m man and ours of the
stimulating action m the rat The difference of course 15 that he fave his
ACTHasa prolonged intravenous nfusion as I recall or possibly by using
2 gel Tam not sure which one Under such circumstances however one
would anticipate a good stimulation of the adrenal cortex with the secre
ton of 1ts appropriate steroids We gave our matenal as a single large dose
which in terms of ACTH umts was quite tremendous even though by
veght it was quite small We were seeng the tmmediate effect of the
ketogenic factor stuck to or m some way associated with the ACTH
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intravenous mfusion about one hour before the label was given We con
sidered that the patient was recetving a very large dose of hormone at the
time of the experiment It 1s possible that the dimimshed labelng whih
followed was a result of the mobilization of ipid We doubt this for several
reasons For one thing the fat mobilization would have had to double or
more the plasma lipid concentration m order that dilutron alone might
be held accountable for the observed depression In the second place we
saw no evidence of change 1n the plasma lipids, although we do not hae
enough data to confirm this completely

Finally one last point about a possible reason for the existence of growth
hormone might be menttoned Dr F G Young some years ago made the
ingenious suggestion that growth hormone might be necessary for the ad
justments to fasting This concept has not been mentioned, so far, the
discusston except as a peripheral allusion by Dr Astwood We have been
very much mtrigued by this 1dea and 1t 15 disappomting to report that the
pattern of mcorporation of C;, carboxyl Iabeled acetate mto the Tipids of
human subjects receving growth hormone and glucose supplements 18 no
way resembles the pattern seen 1n humans fasted for 24 hours Under the
latter circumstances the rate of incorporation 1s dumimshed far below that
observed following growth hormone That there 1s also a qualitative differ
ence we cannot say presently The amounts of growth hormone used 1¢
300 mg intravenously over a period of 24 hours seem quite large and for
the moment at least we can only say this doesn t seem to fit the patier?
postulated by Dr Young

J ¢ sHaw (University of Maryland College of Agriculture) This 15 @ mat
ter of species difference agan I would just like to add that i the Jactatm®
cow we have a ketosts which 1s cured very rapidly by one mjection of etther
ACTH or the adrenal steroids cortisone and hydrocortisone

KARL PASCHKIS I hope that all comments on the papers about fat metabo
lism are over because I would like to refer back to Dr Campbells p2p¢!
which has nothing to do with this subject Dr Campbell underscored the
fact that destructron of or damage to the beta cells can be attributed paitly
at least to the effects of growth hormone It 1s mteresting but mor® dis
turbing that a physiological agent a hormone leads to the injury 0f dcsh’uff
tion of another gland Some years ago Dr Engel described destruction ¢
the adrenal cortex through overstimulation with ACTH In our laboratories
presently, there are experiments runmng which are concerned with the
effects 1n gunea pigs of TSH given by constant infusion over a pcnod:
96 hours The last expeniment has been going for a somewhat longer peno ’
We have not seen to date any anatomical destruction but we have produC'C“
a real exhaustion state with a decrease of protem bound 1odine and of lm
uptake One can oversumulate to the pomnt of e<haustion and probably
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Effect of Pituitary Hormones on Metabolism
of Isolated Tissues*

M E Krahl
Department of Physiology University of Chicage Chicago

Earlier papers of this symposium have reviewed experniments upon the
relation of the antenor pitmtary gland to the economy of the whole ammal
It 1s clear that fractions of the antenior prtettary wiich have high growth
activity may produce effects on carbohydrate fat and mitrogen metabolism
This paper 15 confined to expeniments which have been made on isolated
tissues to inquire mto how the piturtary produces these effects tn a general
phystological or brochemical sense and mto the chemcal nature of the
2~tive substances It deals particularly with glucose utlization and glycogen
synthesis Effects of pitwitary prod on glycogen kdown have been
Teviewed by Russell ? studies upon fat synthesis espectally those of the
Gurin and Chatkoff® groups have been summarized by Lukens* and Wil
helmi ? recent exp on fat synthesi> are reviewed m this
b; Folley and by Greenbaum No effects of piturtary products on ammo actd
deposition m 1solated tisues have apparently yet been established

Pitmtary Effects on Glucose Utihzation by Tissues

In the human the dog the rat and presumably s other omnivores the
presence of the antenor pituitary or 1ts products at relatively low dosage
serves to Itmut the conversion of glucose to CO  thereby blood glucose 15
mamntained to protect the bran against hypoglyceria Quantitatively the
greatest wse of glucose 1s in muscle adipose tissues and liver

1 shall consider mamly experuments on isolated muscle These indicate
fiest that glucose uptake or glycogen synthests 1¢ whibited by a prtwtary
—
w This mvestigation was aided by grants from Eli Lilly and Company from the

M Uace C and Clara A Abbott Memorial Fund of the University of Chicago and
rom the Lafe Insurance Medical Research Fund
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and mcobated m the desired medium  glucose analyses are made before and
after the meubation and the glucose uptake obtaned by difference Qur
eatly experiments dealing with the relation of the antenor pritwrtary and the
pancseas to muscle metabolism have been reviewed by my colleague D
Park and myself T3 related findings by other imvestigators are also
reviewed there

A nveornysectosy hrahl and Park!' found that glucose uptake by
dhaph {rom rats hypoph: d 10-20 days previously was 49
mg per gram per hour as compared to a control rate of 3 5 (Fig 1} This
merease in plucose uptahe at 10-20 days followang hypophysectomy has
been repeatedly obsesved by several members of our own group ®t 13 by
Villke and Hastings’ wnd by Bornstem and Nelson! but not* by Lt
halmar and Evans % The use found after hypophysectomy s very much
larger than that after adrenalectomy ** 7 diaphragms from rats lacking both
the pituitary and adrenals have a rate of glucose uptake which 15 also high
relative 1o normat* % These findings are consistent with the fact thot the
proportron of carbohydrate used n the bolism of the hypoph
mized ammal 1s greater than that m the normal 131 0

B INJECTION OF PITUITARY FRACTIONS

1 Inkubiion of glucase uptake The factor from the pumtary which
mhibits glicose uptake has been mvestigated with the dinphragm as test
obyect (Fig 2) Crude alkahne extracts of the pitustary and once-crystal
hized growth hormone (3 mg per rat) produced 40-50 per cent depression
of duphragm glucose uptake when tryected 1ato hypophysectomized tats
3 hours prior to diaphragm removal ? Inhibitory actwvity 1 this 3 hour test
was nearly Jost when the growth hormone was recrystaftized 13 1 the more
bighly punfied samples exhibited relatnvely fow activity in the 3 hour test
even when adrenat cortical extracts or adeenacortccoteope fractions weee
concurrently adnunwstered The activities of vanous samples of growth
B prepared by us dug to the Withelmi method  and of
Armout 22WR2 ndly provided by Dr Bunding have been recorded by
Park 16 Later 1t was found! 2 that tughty punfied growth harmene was
8ctive 1 doses as small as 2 pg per rat if a fonger tune was allowed between
ihjection and diaphragm removal (24 hour test) From these expenments
#t was concluded that the mhibstor of glucose uptake was not wdentical with
&rowth hormone as currently obtamed T 1922 % but was some related sub-
stance which could perhaps be formed w2 w00 from or under the nfiuence
©of growth hormone Further etperiments beanng on the relation of growth
feantions to the mhsbitor are gven below
—

In view of the inhibwion of bexoknase by plucose 6 phosphate  ** and the high
;’;:C‘;mfalmn of this metabohite witich may appear s stomulated muscle ¢ it 1 posst
at the effects of hormonal imbalance may be obscured by the whibitory effects

;’f the glucose £ phosphate formed dunng diaphragm removal unless the daphragms
e subected 10 2 prelmunary soakmg perad to extract excess glucose § phosphate
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product and an adrenal cortical oxysteroid acting concurrently second that
this pituttary product 15 related to but not identical with the growth
hormone thied that a pitwmtary dependent inhubstor of glucose uptake can
be obtained m a lipoprotein fraction from the serum of dibetic animals
and that a similar mhibitor 1s found i 2 hpoprotem fraction from the
anterior pitutary itself Experimental observattons bearmng on these pomts
will now be presented

1 Ysolated Muscle Excised rat diaphragms, when incubated i suttable
media have been known for some time to use glucose and to respond to
changes 1n glucose concentration and to 1nsulin, in a manner similar to
larger muscle aggregates 678 Being, readily obtamed in large numbers wiih
reproductble properties and being thin and therefore, relatively accessible
to sugars and other sub added to the bation medium d
them diaphragms have been widely used to supplement more elaborate
amimal preparations i the study of physiologtcally active agents The pro-
cedure 1s simple although rather detailed precautions are necessary o
obtan reproducible results ® Diaphragms are removed from switable donors
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h from normal hypop d or
rats The excised muscle was shaken 1%
.}:r.;b; brearbonate solution and the mediwum analyzed for glucose bcforcf:;e
after 30 munutes incubation at 37 C The imtial glucose concentration O ents
medium was 140 mg per cent The height of the cross hatched area "P';sumt
the rate without added mnsultn_the total height represents the rate with 0 P
imsulin per ml of incubation fiud The data are from Park and Daughadsy

Fic 1 Glucose uptake by d
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auzed adrenalectomuzed ammals (Fig 1) Hence even when the rat has
been depmeed of both pitwitary and adrenal seczetons for some weeks the
glucose uptake ss hnuted by a factor i muscle whose effect 55 overcome by
msultn

The whibition of glucase uptake induced by bmited single doses of
growth hormone 1s almost completely msehn reversible (Figs 2 and 3)

From the experiments cuted mn Figures 1-3 1t 1s concluded that the stunu
lating acton of tasulin upon glucose uptake 1s made up of two components
{he ote 15 an action upon soeme factor 1 the tissue stself the other s upon
a factor of pitustary adrenat onigin The possible nature of the tissue factor
will be considered below

Repeated doses of growth hormone over a 10 day pertod make 1t unpos
ssble for wsulin to rawse the rate of glucose uptake to the leve! obramable
without mjection {Fig 2) Such an action of the puustary factor upon the
glucose uptake of muscle may well account i substanual degree for the
msule resistance wheeh s obsenved with respect to ather test indices

DIAPHRAGMS FROM HYPEX - ADRENX RATS
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¥16 3 Glucose uptake by h from hyp d

lomazed rats after injection of growth hormoene (GH) and hpoadrenal estract
Uppoha {ACE) The growth hormone was given 24 hours the hipoadrenal ex
lact i dwided doses 24 and 6 hours prior to duphragm removal The da
Phragms were meub. and the results d as described under Fugure |
The data are from Park Brown Comblsth Daughaday and krahl 13
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FI6 2 Glucose uptake by diaphragms from hypophysectomuzed rats give?
growth hormone (GH) prior to diaphragm removal The diaphragms were
ncubated and results expressed as described under Figure 1 For other detals

of the expeniment see text The data are from Park Brown Cornblath Daugha

day and Krahl 13
For full mhibitory actvity mn the hypopt d ad d
on of the

rat a trace of adrenal cortical extract was required (Fig 3) Inpects
pituntary growth fraction alone gave a shight decrease in glucose uptake by
the diaphragm the same dose given concurrently with a small dose of
adrenal cortical extract itself without effect was strongly actve An
analogous synergistic or permissive ® action of adrenal sterosds in relation
to the metabolic effects of growth fractions has been observed with respect
to the anti nsulin effects on glycogen synthesis n diaphragms & the 1ncrease
mn nsulin tolerance m dogs?® and the production of metahy pophyseflI
drabetes 1n cats 2?

2 Relation to action of insulin The expenments of Figures 1-3 with
pituitary products have a beaning on the action of another hormone smsulm
Diaphragms from hypopt d adrenal d rats Iihe the dia
phragm donor ammals themselves are still responsive to msulin the glucose
uptake nirh wsulin present 1n the incubation medium 1s about the same for
dhaphragms from normal from hypophysectomized and from hypophysecto
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NORMAL DIAPHRAGMS IN SERA FROM VARIOUS DONORS
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Fic 4 Glucose uptake by normal draphragms tn sera from normal (N) rats
diabetic (D) rats diabetic hypophysectomized (DH) rats and diabetic hypophy
sectomized rats injected with growth hormone and cortisone 1n the latter case
doses of 02 mg growth hormone and 01 mg cortisone were given ntrapert
toneally at 48 hours and again at 24 hours prior ta draphragm removal The
diaphragms were tceubated and the results expressed as desenbed under Figure
1 The data are from Bornstein and Park

2 @
N INSULIN }

o

GLUGOSE UPTAKE
MG /GM /7 HR
e

2 Inhibition by kipoproten fractions The mhubitor 1n sera was found to
d by freezing sug, that it might be a Jarge and labile
entity On the basis of this observation and my previous suggeston that
Lipoproteins should be put to use as sotubihizing agents for adrenal sterotds
Bornstesn tested the effect of a itpoprotem fraction from dabetic rat plasma
upon glucose uptahe by normal diaphragm * he found 1t to be mubitory
(Fig 5) He reported that other fractions from the same drabetic plasma
were without inhibitory effect
Bornstemn and 1 encouraged by these findings tested effects of hpo
protein fractions from diabetic rat plasma and from beef antersor pitustanes
vpon glucose utilization 1n cell free muscle exteacts fortified with ATP and
other components of the glucokinase system * strong inhsbition was ob-
tamed (Fig 6) It will be remembered that Colowtch Cort and Slein®®
obtamed inhibition m uch g test svstem with a cectain proporton of the
Srude pituntary extracts tried although not with a sample of punfied growth
hormone supplied by Dr L: the mhtbitor was highly unstable Results
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the glycogen synthesis m dinphragms from rats gven large doses of
growth hormone,* the blood sugar of the dog given repeated doses of
growth hormone % and the blood sugar of the human subject with actwe
acromegaly

3 Other effects In addition to the mhibitory effects of growth fractions
upon glucose uptake which are consistent with and help to explam the
long term mhibitory effects of growth fractions on carbohydrate utilization
1n whole animals, there are transient effects 1n the opposite direction A
small mncrease in glucose uptake by diaphragms!®  and hypoglycemia 1
whole or eviscerated ammals 13 ¢ Park and co workers' were unable 10
separate the factors responsible for this effect from the growth activity but
Westermeyer and Rabens® have reported tests with a fraction havng a hugh
ratio of hypoglycemic to growth actiity Earher observations upon this
iteresting effect have been summarnized by Park 1°

C INHIBITION OF GLUCOSE UPTARE BY PLASMA AND BY LIPOPROTEN
FRACTIONS ADDED TO DIAPHRAGMS IN VITRO

I should now Iike to turn to a number of expenments which although
too recent to have been subjected to adeq; depend; p seem
to me to presage a sub 1al ad m our und ding of the mefa
bolic effects of piturtary products They represent the first instance 1 which
it has been possible to obtamn a consistent mhibition of glucose uptake of
muscle by addition of a factor of pitwitary ongin directly to the mcubation
medium i vitro

1 Inlubutor 1n diabetic plasma Upon the hypothesis that the mhubitory
effects following injection of pitutary fractions were mediated by a hormonal
factor Bornstemn and Parks! measured the effects of sera from anumals with
hormonal imbalance upon glucose uptake by normal diaphragms Tuer
kischer and Wertheimer® had previously found glycogen synthesis by
normal diaphragms to be subnormal in drabetic sera

The rates of glucose uptake by normal diaphragms 1n various types of
sera were found to be as follows (Fig 4) 1 norml sera 4 2 mg per gr3M
per hour in diabetic sera 30 1n sera from diabetic hypophysectomlzed
rats 41 1 sera from dubetic hypophysectomized rats njected with
growth hormone and cortisone 2 8 The presence of the mhibitor it serd
from diabetic hypoph rats was dependent on m of both
growth fraction and cortisone nto the serum donor neuther agent would
gwve the effect 1f mnjected singly neither could comtribute to the effect of
merely added 10 the medium These findings extend those from the three
hour 1njection test mentioned above mn mdicating that growth hormone a:
currently prepared 1s related to the factor which mnhibits glucose uptake oh
muscle, but not identtcal with 1t The question of the full identity of growl
hormone with the pituttary factor which produces metahypophyseal drabetes
has also recently been rased 33
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Fio 6 Effect of a hipoproten fraction from the anteror pituitary on glucose
uptake {disappearance) m a cell frec muscle exiract fortified with ATP and
other components of the glucokinase system The data are from Krahi and
Bormnstein 35

been zeported by the DeDuve group*” that wsulin favors the synthesis of
giycogen from glucose but not from fructose 1 normal hver shees

Indirect evidence for an mlubitor of glucose utilization i hiver was found
by B It had p 1y been d that mn shices from
hvers with low glycogen content h synthesis was dependent on the
avalabalty of ghucose and sts metabolites froms the medium In Bomsteins
expenments (Fig 7) normal liver shices from fasted rats (Jow hver glyco
gen) or fed Tats (hugh lvex glycogen) were incubated tm 2 medwm contam
18200 mg pet cent glucose Lipoprotem from diabetsc rat plasma whibited
glutathione synthesis in hivers from fasted rats but siot that 1n hvers from fed
rats The dufic d that the it acts on a step in glucose
utalization which 1s by passed when glycogen 1s the source of energy yielding
mtermediates for synthesis of glutathione accordimg to current views ths is
the step n swhich glucose 15 converted to glucose 6 phosphate This effect of
diabetic serum hipoprotem on hver 15 16 part reversed by nsulin

111 Ysolated Pancreas Evid for direct wmhib of glucose utsl;
in pancreas by a pitwtary growth fraction was obtaned by Anderson and
Long* They found that msulin output by the perfused pancteas mcreased
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NORMAL DIAPHRAGMS
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Fi6 5 Glucose uptake by normal diaphragms :n medsa containing IIPUPW"\‘:’
from normal or diabetic rats The diaphragms were incubated and the results
expressed as described under Figure 1 The data are from Bornstein 3

refated to those of Colowick etal have been obtained by others # ¥ In vie¥
of the previous difficulues I wish to emphasize that no sample of pitunary
lipoprotem prepared as described % has failed to give an inhibitton that the
quantity required 1s relatively small (of the order of 3-30 pg per mi) an

that the inhibitory activity 1s retained for some time under surtable storage

conditions The recogmtion of the inhibitory action of pitustary proprotcﬂ;
fractions therefore represents a promusing practical advance Bcczlust:‘ﬂr
13!

the well known difficulties 1 ascribing bological activity to a parts
fraction of the anterior pituttary these results must be viewed with some
reserve pending further expenmental work

II Lver Shees The glucose uptake by lver shees from hormom“:"
deficient rats has been calculated by Renold Teng Nesbett and Hastings
Values for glucose uptake as pM per g wet liver mn 90 mnutes were found
to be as follows for liver slices from various groups of animals normal 6%
alloxan diabetic 29 diabetic adrenalectomized 24 dabetic hypophysecto
mized 44, 1 d 53 hypopt d 49 This evident®
would be consistent with an mhibitor of piturtary ongin The sitgatton 18
somewhat different than in the case of the draphragm where exther 2di€
nalectomy or hypophysectomy of drabetic rats restores glucose uptake of‘:l;:
diaphragm to the norml Ievel or above 11173t I related expeniments




CELLULAR SYSTEMS 379

maton of CO  fat * and pepudes®® m these hissues the unused glucose
appearning as high blood sugar Reduced glucase wptake by pancreatic wslets
nught lead to d d mseln synth and fy because of
msufficient energy supply for mawmntenance to islet-cell breakdown and
popt drabetes Reduced glucose uptake m cells of adipose

tissue mught prevent optumum fat storage or lead 1o actual cell breakdown
with discharge of fat Thus through the sungle agency of an mhibtion of
ghlucose vptake a number of the prnupat actions of the pimtary upon
major metabolic components could possibly be expluned

The second line of speculation concerns the smportance of hpoproteins
as carners of biologeal regulatory actimity The fact that the well character
wed substances obtamed fram the pruitary are vartually devord of activity
when added to mcubation media for mdvidual tissues winle hpoprotesms
from the pitwitary are appareatly intensely mhibtory suggests that such
Lipoprotewms may have wide fatory function Lapop are 1
< with the and p bttty properties of whole celfs +*
the stzucture of cell formed elements® 3 and the actwity of ndividual
enzyme systems 5% Lipoprotewns of blood are carmers of physiologieally
active sterords 5% 34 The possibihity thus anses that a number of hormonal
agents may nteract with ceffular or hormonal fipoprotems to produce
changes 1n holic activsty In p lar 1t s d that
of tsulin with fspoproterns may underlic both the changes in tssue distnba
tion of sugars®® 37 and the changes n enzymatic activilyss #5% which have
been reported to occur under the influence of thes hormone Expenments to
test thes hypothesis are wnder way

The third Iime of speeulation 15 concerned specifically with the mechanism
by which growth fractions favor nifrogen retention and protesn synthess
1t 13 suggested that such a printary mduced seasrangement of cell structure
as that postulated above wlich leads durectly or indirectly to 2 himtation
mn the transfer of hugh energy phosphate to glucose may dunert into pephde
bond synthesis an optimal fraction of the energy avaitadle for intraceliular
sctiviies It has previously been powsted out by Lee and Ayers™ and by
Best® that mavement of fat from depots under the influence of the pituitary
growth factor tends to duwest energy wnio growth

Summary

This review summarizes the effects of pitattary products on tissues Rat
daphragm muscle has been used as the prncipal test objeet The mam
findings aze as follows

I Giucose uptake by rat daphragm i vitro 1s enhanced by hypophysec
famy of the rat 10-20 days prior to removal of the daphragm (Fig 13

2 Glucose uptake by o from hypop d rats 1s
reduced toward normal by myection mto the rais of crude growth hormone
3 hours before diaphragm removal (Fig 2) To achieve the same result
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GLUTATHIONE SYNTHESIS FROM GLYCINE-1-C*
IN LIVER SUCES
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Fi6 7 Effect of diabetic Lipoprotein on mcorporation of glycme 1-C Iﬂl:"-'
glutathtone by hver slices from fed or fasted normal rats For details of the
expertment see text The data are from Bornstein 3¢

as the glucose content of the perfusate was increased bemg neghgible at
35-84 mg per cent glucose and significant at 141-569 mg per cent Ths
nsulin secretion in response to elevation of the plucose concentration was
blocked by inclusion of about 05 mg growth hormone per 100 ml
perfusate Only one sample of growth hormone is mentioned 1t 1s not knowa
whether this effect 15 obtamnable with some samples of growth hormone but
not others as 1s the case with the mhibrtory effect of growth fracttons on
glycogen breakdown 1n rat diaphragm +

General Discussion

From the observations described above there anise three lines of speculd
tion upon which I should like to comment

The first concerns the general importance of glucose uptake with respect
to tissue function There 15 direct evidence that some factor from the
pituitary related to growth hormone may mhibit glucose uptake l;::
diaphragm muscle there 1s less direct evidence that such a factor may ;
able to teduce glucose utilization by liver and pancreatic islets It 18 0r
interest to consider briefly the possible physiological consequences ©
nhibition of glucose uptake 1n various tissues by such an agent 1t1s assumth
1n each mstance that the tissue 1n question can function optimally onli'!‘jn“"
an adequate carbohydrate supply as 1s apparently the case for ]werd or
Reduced glucose uptake by muscle and Iiver might lead to decrease!
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mation of CO fat * and peptides*® n these tssues the unused glucose
appearing as tugh blood sugar Reduced glucose uptake hy pancreate wslets
4

mght lead fo < d msulin h and Mty because of
msuffictent energy supply for to wslet-cell Jed and
buoonhvseal diabetes Red

ypophy d glucose uptake m cells of adipose
ussue mnght prevent optimum fat storage or Jead to actual cell breakdown
with discharge of fat Thus through the single agency of an whibition of
glucose uptake a number of the puncipal actions of the priustary upon
major metaboli components could possibly be explamed

The second line of specul the ur of hipop
as carners of biologweal regulatory actwity The fact that the well character
wed substances obtaned from the pitmtary are viztually devoid of actity
when added (o mcubaton media for wdwideal tissues while bpoprotens
itom the prttary are npparently wmtensely imtubstory suggests that such
hpoprotewns may have wide tatory function Lap are

d with the st and p bility prop of whole cells 1*

the steucture of cell formed elemenis®® ™ and the actomty of indwidual
enzyme systems 518 Lipoprotemns of blood are carters of phystologically
Actwve steroids 52 The posstbilty thus anses that 2 number of hormonat
agents may nteract wuh cellular or hormonal hpoprotems to produce
changes m metabolic actvity In particular st is suggested that interactions
of msuhin with Iipoprotess may underlie both the changes i tissue distnbu
tion of sugars¥ 57 and the changes m enzymatic actvity® 58 which have
been reported to occur under the mfluence of this hormone Experiments to
test this hypothesis are under way

The third fine of speculation 1 concetned specifically with the mechanism
by which growth fracuons favor nitrogen retentton and protein synthesis
3t 15 suggested that such a pituitary tnduced rearrangement of cell structure
as that postulated above which leads directly or andirectly to a hnutauon
s the transfer of hugh energy phospbate to ghocose may divert mto peptide
bond synthesss an opismal fraction of the energy avalable for mtvaceliular
actwries I has previously been pointed out by Eee and Ayers™ and by
Best™ that movement of fat from depots under the influence of the pitustary
prowth factor tends to dwert energy o growth

Summary
This review summarszes the effects of pitustary products on tissues Rat
diaphragm muscle has been wsed as the prnespal test obeet The mam
Sndings are as foltows

1 Glucose uptake by rat diaph w vaitro 15 enh d by hypop
fomy of the rat 1020 days prior to removal of the draphragm (Fig 1)
2 Glucose uptake by duphrapms from hypophy d rats 15

reduced toward normal by myection wnta the rats of crude prowth hormone
3 hours before diaphragm removal (Fy, 2) To achieve the same result
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with punfied growth hormone 24 hours are required From these and
related experiments 1t 1s concluded that the active inhibitor s related to
growth hormone but not 1dentical with 1t

3 A factor from the adrenal cortex must be present for the full mhbitory
activity of injected growth hormone to be manifested in hypophysectomized
adrenalectomized rats (Fig 3)

4 A pituitary dependent factor which mhibits glucose uptake by dis
phragms when added directly to the ncubation medium has been found
diabetic serum (Fig 4) This 1s not demonstrable in the serum of hypophy
sectomized diabetic ammals It reappears in the serum of the diabetic
hypophysectomized rat after mjection of growth hormone and cortisone
prior to removal of the blood for serum preparation both must be imjected
the mnhibttion 15 not restored by injection of one and additron of the other
to the serum i1 vitro or by addition of both to the serum

§ The mhibitor which acts directly on glucose uptake by diaphragms i1
vitro has been found i the lipoproten fraction of diabetic serum or plasms
(Fig 5)

6 A lipoprotemn from the antenor pituitary mhubits glucose uptake when
added directly to cell free muscle extracts fortified with the necessary com
ponents of the glucokinase system (Fig 6)

7 As a speculation it 15 suggested that a number of the effects of
pitwtary extracts may arise from infubition of glucose uptake i the tissues
concerned for example reduced glucose uptake may lead m liver and
muscle to reduced CO glycogen fat and protem formation the unused
glucose appearng as high blood sugar, in adipose tissue 10 discharge of
stored fat and i pancreatic 1slets to reduced mnsulin formatton and meta
hypophyseal diabetes

8 As a further speculation 1t 1s pomted out that an effect of nsulin to
alter the properties of cellular and hormonal Lipoprotemns may account fof
the change 1n tissue distibution of sugars and the increased glucose uptake
which msulin has been reported to produce

9 A mechamism for the favorable effect of growth hormoné upon
mitrogen retention 1s suggested
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Effect of Growth Hormone on Tronsammases
and Other Enzyme Systems®

Olwer H Goebler
Edsel B Ford Inshtute for Medicol Research Henry Ford Hospdal Detrost

Changes m the activity of tissue enzymes which occur after hypophysec
tomy or dunng treatment of normal ar hypophysectomized amimals wath
gronth hormone are numeraus and mtngwng An endless amount of time
could be devoted to pucely descrptive studies m thus area It is far moee
difficult to male any PrOEIESS M the of the
observed changes Are they esseatial prevequistes for growth ar metely
mteresting concomutants of the process? Does presence of zbsence of the
pttary influence growth by altering the activity of tissue enzymes or do
changes 1 Wssue epzyme activity cccue seeondanty after grawth has been
2ccelerated or stopped 1 some other manner? Are the findings related to
the function of enzymes as catalysts of to their nature 2% proten com
ponents of tssue?

Although final answers to ail of these guestions may be fong delayed
there ase esperunental approaches which y1e}d saformation concermng
ther In one of the eaxly studies m this field Fraenkel Conrat Ssmpson and
Evans? vaned the dose of the antenior putustary preparahons In hypophysec
tomed 1als growth h d 4 hepat oply when the
dase wag about ten times os great as that required 1o produce marked gam
m vieght Varying the method of feeding 15 alse mstruchive We have
evdence that some tssue enzymes m hypoph Tats
and 1n normal ones pait fed agamst them spparemtly becanse growth 15
arrested by the operation m the former mstance and by hnmted food mtake
1 the lattex Conversely Levin found that fosses of total protemn and water
wg sn hypophysectomized adult rats can be prevented by forced feed

. Awded by a grant from the Michigan Chapter Arihrls and Rhevmatism
oundation

333
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mg Calculating results by several different methods likewsse yelds
mformation of value Activity of an enzyme per gram of fresh tissue and
per milligram of mtrogen may decrease, while the amount per organ 1t
creases In other words the enzyme appears to be synthesized more slowly
than other components of the organ A fourth approach 1s that of comparing
tissue enzyme activities dunng normal growth and mduced growth De
creases In enzyme activity may occur i treated hypophysectomrzed rats that
grow rapidly but not in normal rats that grow still faster

Studies carried out 1n our laboratory mcluded assays of eleven tissue
enzymes 1 one to four organs or tissues of normal and hypophysectomlzed
rats, treated or untreated with growth hormone Conclusions based on the
assumption that changes n apoenzyme concentratton produced the obsenved
changes in activity have been summanzed previously 3 This morning Twh
to discuss experiments i which certan enzymes were sclected for detailed
study on the basis of two criteria Furst the enzymes 1n question could
logreally be involved 1n such p as sheletal development or mtrogen
storage which are mfluenced by growth hormone, second the activity of the
enzymes changed i the direction required to facilitate these processes In
this discussion activity 1s of pnmary importance and ponts where propor
tionality between 1t and ation 15 d are readdy
recognized

Let us first consider alkalne phosphatase of bone The views of Ray* and
of Robison® concerning the role of this enzyme 1 bone formation are well
known In 1947, Buchwald and Hudson® reported that its actvity bone
fell after hypophysectomy Mathtes and I confirmed this, and found that
growth hormone reversed the change ? The preparation which we used
when assayed by the method of Marx Sumpson and Evans ? was ony
40 per cent as potent as the best available ones and a large dose—1 mg per
rat per day for 20 days—was used Mathies, Goodman and Palm® found
that 50 micrograms of thyroxen myected daily for 7 days restored tibial alka
line phosphatase actvity to normal 1n hypophysectomized rats without
causing any increase mn weight of the tibha Realizing that contamnatton with
thyrotropic hormone mught therefore be quite important they repeated
and confirmed the previous expenments using a growth hormone prepart
tion of sufficient punty to be highly effective when mjected mn 2 dose ©
20 gamma per day for 10 days Expertments in which magnesium was added
to the sut dicated that defi of this ton could not account fof
the low alkaline phosphatase activity of tibia after hypophysectomy ot
might be one of the factors involved

In the same sertes of experiments ® 1t was found that the effect of E“"W'h
hormone on alkaline phosphatase of tibia persists when treatment 15 begon
six and one half months after hypophysectomy L: Kalman Evans ang
Simpson'® reported that a 2 week delay after hypophysectomy dmmush;c
the effectveness of growth hormone 1n producing gan n weight Int

P
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same } ¥ the effect was <& ated a year after the
operation It 1s of interest that the effect on alkaline phosphatase activaty
ke that on 1sap one The resp to growth hor

wone provides anather wstance of paralichist between alkalne phosphatase
actnaty of bone and bone formation the response fo thyrowin provides
another exception The latter hormone i the dose erployed restores
alkaline phosphatase activity m the tibia of hypophysectomized rats but no
gaim 1% weapht of the done acours

Mathies and coworkers? were able to show also that the decrease n
tibsal atkaling phosphatase which oceurs after hypophysectomy 1s definutely
secondary to cessation of growth The enzyme was determmed in two gmups
of rats ope of which was sham opersted the other hypoph
Inbath groups atkalwe phosphatase acuivity of the tibia decreascd with age
In the hypophysectontized group this actvity was below that of the controls
throughout an 80-day penod of observation fallow g the operation Growth
of the ubia became muntmat ar once after hypophysectoray yet for three
weeks alkohne phosphatase remained above values observed later m sham
operated animals whose tibize contimued to grow  Arrest of growth of the
bone 15 clearly not due to lack of thus enzyme Qune would scarcely expect
sucha p swce alkaline phosph has been 1d d prmanly
with ealeification rather than with osteogenests m general

Other studies that I wish to discuss are related to the problem of atrogen
storage Reference has been made to the snterest of earlier mvestigatoss!
m effects of growth hormone on hepatic arginase wiuch 15 msohved m the
process of uren formation Effects of another anabol hormone testosterone

ALANINE &~ RETOGLUTARIC ASPARTIC
ACLO Acw
BLETARIC GLUTAMIC
PYRUVIC OXALACETIC
TRANSAMINASE TRANSAMINASE
GL-PY-TR GL~OX-TR
PYRUVIC GLUTAMIC OXALACETIC
AGID acto FY=14
= H, GLUTAMIC ACID
DEHYOROGENASE
+ Hp0 Gan
~KET UTARIC
- KETOGE - N
aciv 3
4

Fio 1
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propionate upon this enzyme i liver and kidney hasve been studied exten
sively by Kochakian 2 Qur own studies have been concerned with a grosp
of enzymes which according to the theory of Braunstem and coworhers »
provide an important mechamsm for amino acid catabolism Alternatively
the same enzymes are volved 1n synthesis of amino acids from alpha keto
acids The names of the enzymes, the equilibria which they catalyze and the
abbreviations which appear in later figures, are shown n Figure 1 Glutamie
pyruvic transaminase and glutamic oxalacetic transaminase catalyze the
equilibria represented 1n the upper part of this chart The amino group o
alanmne 1n one mnstance and of aspartic acid 1n the other, 15 transferred to
alpha ketoglutaric acid which 1s thus converted to glutamic acid The later
15 oxidatively d d by acid dehydrog If the ammont
15 removed and ultimately converted to urea, these reactions constitute 2
pathway of amino actd catabolism
Studies concerning the effect of growth hormone on the activity of
gl 1 tr 1n muscle hiver and kidney were begun it
our laboratory by Bartlett and Glynn ¢ Some of their findings are present:d
m Figure 2 The first four groups of ammmals were hypophysectomlzfd
Groups 2 3 and 4 d the ind d of growth hormone i
the course of 10 days Gl lacetic t actvity was high
1n the muscle of untreated controls (Group 1) and lower m Groups 2
and 4 in which growth was induced Activity of this enzyme was also tughim
muscle of normal ammals of Group § mn which gam i weight was small
due to paired feeding agamnst hypophysectonuzed controls 1t was low 1
Group 6 consisting of normal animals fed ad libitum and growmng rapudly

GLUTAMIC OXALACETIC TRANSAMINASE
DATA OF BARTLETT AND GLYNN

GROUPS  GROWTH GAIN LIVER  GL-OX-TR
oF HORMONE IN wr qlor
RATS ¥/10 DA WEIGHT GRAMS MUSCLE LIVER
1 HC [ 12 2 83 297 29
2 HT 27s 14 4 2 38 247 33
3 HT 600 16 0 2 45 249 42
4 HT 1000 16 4 2 s0 242 57
S NC o 59 2 a7 275 42
6 NC [ 74 8 6 79 229 30

GROUPS | AND 6 FED AD LIBITUM
GROUPS 2 3 4 AND 5 PAIRED FED
AGAINST GROUP 1!

Fic 2
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GROWTH HORMONE AND LIVER ENZYMES
DATA OF BEATON OZAWA BEATON
AND MCHENRY
GROUPS ADULT MALE RATS YOUNG MALE RATS
GROWTH GROWTH
™R SALINE
EATMENT SALINE | oRMONE t HORMONE
Qures 4 99 377 2 99 2 83
ARGINASE 63 74 7t 71
TRANSAMINASES -
GLUTAMIC -
OXALACETIC 157 157 138 131
GLUTAMIC -
PYRUVIC 120 tol 60 90
Tic 3

Inlver as well as in muscle the generat picture was one of an mverse rela
tionship between gl oxalacetic activity and change m
weight In the hypophysectomized treated rats (Groups 2 3 and 4) hver
weight decreased and activity of the enzyme was high 1a normal animals fed
ad hbitum (Group 6) Iner weight hike body weight increased rapidly and
activity of the enzyme was low Cohen and Hekhuis® called attention to the
low transammase activity of rapidly growing embryonic mabgnant or
Tegenerating tissues Changes observed duning induced growth would seem
to extend thus relationship An 1mportant expenmental condition m the
expenments of Bartlett and Glynn s that the animals were sacnificed after
2 10-day peniod of treatment Since mitrogen storage occurs very promptly
1t could have preceded the change n enzyme activity

In this connection expenments of the Toronto group 18 presented
Figure 3 are of interest Large sigle mjections of growth hormone—3 mg
per 100 grams body werght—were admunistered to rats which were sacn
ficed only 3 hours later Each of the two groups—adult males and voung
males—was made up of control animals njected with saline and expert
mental ones receiving growth hormone In the adult male group the rate of
urea formation by hLver shices and the activities of hepatic arginase and
ghitamc Pyruvic transaminase were reduced by growth hormone All of
these changes would seem to favor dimumished catabolsm of amino acids
They were not observed in young male rats 1n which growth hormone has
little effect In fact the activity of gl pyruvic d
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HYPOPHYSECTOMIZED SERIES — ENZYME LEVELS
LIVER LIVER LIVER MUSCLE
GAD GL PY TR GL OX TR GL Ox TR
400 MG N MG N MG N MG N
350 70
aoo 60
250 50
200 40
150 30
100 20
50 to
Q []
02510 o251 02510 02510
[0 SALINE INJECTED Ml GROWTH HORMONE INJECTED

Fio 4

mn this group Gl I tr 1n fiver was unaffected
either group

Mathies and I studied the actity of glutamuc acid dehydrogenase durmg
induced growth 17 In hypophysectomized rats fed ad libutum the actrvty of
ths enzyme per gram of hver fell durng rapid growth mduced by laree
doses of growth hormone although the amount in the entire organ increased
shightly Synthests of the enzyme apparently did not keep up with growih of
the rest of the organ The decrease n activity per gram of lver was not
observed after small doses of growth hormone which did cause gam M
weight It was not regarded therefore as an essential prercqulsl!e for
growth

Zuchlewski'® has recently carnied out a detailed study of this entire gt
of enzymes under umform experimental condirons L glutamic act
dehydrogenase and gl pyruvic tr i Iner as well 28
8 1c b 10 hver and muscle were determuncd 1
40 hypophysectomized and 40 sham operated rats Each senes of 40 was
subdivided mto two groups of 20 recewing myections of salne and growth
hormone Tespectively The groups of 20 were further subdivided 10t 4
subgroups, one sacnificed at the start and three after treatment for 2 5 204
10 days respectively In Figures 4 to 6 black bars represent average values
n 4 to 7 ammals recewving 100 gamma of growth hormone per day and
unshaded bars the averages i a simlar number of rats injected with saline
Transaminase values are expressed in micromoles of pyruvate or oxalacetate

roup

formed per hour per 11 of d from a 10 r‘nmu;:
Gl acid dehydrog figures rep E: 3
perod il of Jeulated from alpha

oxygen uptake per hour per o
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ketoglutarate formed m 20 minutes Both the hypophysectomized seres of
rats and the sh: J: d ones (& d as normal 1n the figures)
were fed ad lbitum

Results m the hypophysectomized series appear m Figure 4 Glutanic
acid dehydrogenase 1n Inver was unaffected by treatment with growth hor
mone confirming our earlier findings Gl pyruvic
actity 1n hver decreased 1n a stnking and progressive manner This result
mdxcates how rapid and extensive ch:mges m actvity may be Glutamc

m hver d at first then increased agamn In

muscle the fall in activity of this enzyme observed by Bartlett and Glynn
was confirmed Simce glutamic pyruvic and gi oxalacetic
require the same coenzyme it appears likely that the changes m actiity
which differ widely for the two enzymes represent differences n apoenzyme
concentrations

The significance of results n the hypophysectomized series can best be
evaluated if they are seen sude by side with the cor(espcndmg findings mn the
normal sertes in which growth h duced no signift changes
m acuvity of any of these enzymes Wuh respect to glutapuc oxalaceti
transarmnase an hiver (Fig 5) one «an only conclude that results are more
vanable in the hypophysectomized rats than in the normal ones In muscle
the findings are consistent and confirm Bartlett s view that the characteristic
change dunng mduced growth 1s a reduction of the abnormally high activity
in hypophysectomized antmals to the normal one of growing ammals

Zuchlewskis most striking find d of gl pyruvic
GLUTAMIC~OXALACETIC TRANSAMINASE
LIVER MUSCLE
NORMAL HYSECT NORMAL HYSECT
70
80
50
40
30
20
10
0
025110 02510 025110 025110
D SALINE INJECTED M GROWTH HORMONE INJECTED

Fio 5
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transaminase 1n the liver—s presented in Figure 6, together with data on
gams n weight In the normal group no change 1n activity of this enzyme
occurred although the ammals ganed 30 grams 1 10 days as agamst 20
grams 1n the case of the hypophysectomized treated group The decrease m
activity of glut pyravic tr cannot be therefore, an essential
prerequistte for growth under all circumstances It may be a feature of
growth under these patticular conditions of nutrition and replacement
therapy

Average weights and food ption of the hypoph d and
normal rats which recerved growth hormone are tabulated in Frgure 7 In
the hypophysectormzed rats food ption per 100 grams of body
weight increased with the duration of treatment, reaching 6 53 grams per
day at the end of the 10 day period In normal ammals of the same age 1
decreased with increasing weight but even so was 728 grams at the
corresponding time While a deficit of 10 per cent 1n food mtake 1s 51§
mficant 1t alone can hardly account for the drastic decrease m glutamic
pyruvic activity Through our studies decreases 1n enzyme
activity have been related to the changes in growth rate rather than to food
mntake For example the relative decrease m glutamic actd dehydrogenase
activity 7 produced by large doses of growth hormone occurred n rats fed
ad libitum 10 which the resulting increase 1n growth rate was maxnal The
decrease 1n glutamic pyruvic transammase actvity of liser likewse
occurred m treated hypophysectomized rats fed ad Ibutum 1 which the

WEIGHT GAIN GLUTAMIC PYRUVIC
IN TRANSAMINASE
GRAMS LIVER
NORMAL HYSECT NORMAL HYSECT

28 70
24 60
20 50
16 40
12 30
8 20
4 to
o o

-4 2510 2510 02510 oz.‘:“’D
[D SALINE INJECTED M GROWTH HORMONE INJECTE

Fic 6
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HYPOPHYSECTOMIZED SERIES
DAYS NO OF AVERAGE AVERAGE Foop

TREATED  RATS FINAL DAILY  INTAKE
WEIGHT FOOD PER

GM GM 100 GM

2 5 65 6 3 8¢ 5 88

5 13 72 0 4 66 & A7

10 5 85 0 5 55 6 53

NORMAL GROWING SERIES

2z s %6 0 8 25 8 58

5 6 01 1 7 80 7712

10 7 nre 8 57 7 28

ALL ANIMALS RECEIVED 100 v GROWTH HORMONE
PER RAT PER DAY ARMOUR NO K40I05R

Fig 7

change tn growth rate was large 1t was not observed after growth hormone
mjections 1n normal ammals whose growth rate was not affected by growth
hormone (Eig 6)

If one explams the absence of any effeut of growth hormone on the
growth rate of normal youny, rats by assurmng that its action 1s already
maumal it follows that such maximal physiological action does not dimimsh
glutamie pyruvic transamunase actnity in the hver of intact apmals The
decrease 1n hypophysectomrzed rats treated with growth hormone may be
due to the fact that replacement therapy 1s dectdedly unbalanced Durning the
sudden spurt in growth depletiont of glutamic pyruvic transaminase may
oceur as a result of the rapid synthesis of other protetns Selective depletion
of enzymes 15 known to oc.ur during protemn restrictions 1n fact Meikelham
et al1® higye attempted to correlate the differences in Jabilty of enzymes
with their cytochemical distrybutton

Whatever the )} of the d m gl pyruvic trans
ammnase may be one cannot ovetlook the fact that it occurred and that 1t
might mfluence the metabolisin of alammne, pyruvic acid and other com
pounds Preliminary expersments on the metabolism of alamme labeled with
N in hyp P! rats are p d it Figure 8 The treated group
Teceived 100 gamma of growth hormone daily for 5 days controls recetved
20 equal volume of saline solutton On the third fourth and fifth days both
8roups were mven ntrapenitoneal mjections of N* labeled alamne There
%ere two findmgs of interest When hydrolysates of blood fibrin or hydroly
sates of proteins from liver spleen kidney or heart were compared the
anmals treated with growth hormone always showed slightly greater incor
Poration of N'3 than was noted 1 untreated ammals Secondly when hver
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INCORPORATION OF NI5 FROM
LABELED ALANINE
FRACTION CONTROL  TREATED
GROUP GROUP
AT % XS AT % XS
LIVER -
PROTEIN HYDROLYSATE 031 037
BUTANOL EXTRACT 03t 036
TYROS INE 0z0 022
WATER PHASE 035 040
GLUTAMIC ACID 079
BLOOD FIBRIN HYDROLYSATE 044 052
SPLEEN PROTEIN - 039 042
K1DNEY - 034 04t
HEART . 024 033
Fio 8

protem hydrolysate was fractionated by the Dakin method atom pet cent
excess of N5 was sumilar 1 the butanol extract and the water phase The
former contamns mono amino mono carboxyllic acids and proline the latter
the dicarboxyllic and basic amino acids Tyrosine which separa!ed was
labeled and glutamic acid 1solated from the water phase obtained from liver
protem of the treated group was heavily labeled These studies are pre
liminary but they suggest that the distribution of N5 from labeled alama®
was probably not greatly altered

Discussion has been limited to changes 1n tissue enzyme activity whieh
are statistically sigmificant as indicated by data n the cited publicattons and
thesis It may be added that mitrogen content per gram of tissue was virtually
constant 1n the experiments presented n Figures 4 5, and 6 so that the
conclusions would have been the same whether the results had beet
expressed per mg of mitrogen or per gram of fresh tissue

Summary
To summarnize the changes n activity of alkaline phosphatase 1 tbra
L gt acid dehyd and g! pyruvic n lnﬂ;]
l 1n ver and muscle have been studic

n t
n s:me detail with concordant results We have no evidence that any of
these enzymes should be regarded as ch 1 med through which
the pituttary exerts its control of growth Some of the changes observe
be important however in the growth process Activty of alkalm®
pt of tiba d after hypopt y while that of glutamic

may
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of muscle and with growth
hormone reverses the chinge m either case Sunddar changes in activity of
these enzymes ase scen i the ntact ammal during development or during
mterruplion and resumption of growth Less umpressive 1s the relative
decrease in L gh acid dehydrog of tnver praduced only by large
doses of grawth hormone It did not occur m hypophysectomuzed animals
fed ad bbuwn and treated with moderate doses of hormone or m rapidly
growing normat ammals

More strrlang than any of the other changes s the reduction of glutamic
pyruvic transamunase sn Jiver of hypophyseciomized rats treated with
moderate doses of growth hormone and fed ad hbwum The possibihty 1s
considered that with food mtake somewhat below normal and replacement
therapy decidedly unbalanced this enzyme may be depleted as a result of
tapid synthesss of other protein Prehounary expenments sndicate that
dunmashed actsvity of this enzyme m Iver did not produce any radscal
chaoge i transfer of amno groups from alamune to other amino acids
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The Effect of Insulin and Alloxan Diabetes on the
Transport of Glucose and Other Sugars
into the Cells of Muscle and Bran

C R Park*
Vanderbilt University Schoo! of Medicine Nashville Tennessee

It 15 well established that insulin accelerates glucose uptake and utihz?
tion by muscle (see reviews by Krahl! and Stadie ) There 1s also evidence
that hormonal factors resulting from adrenal cortical and antenor pitutary
activity 1n alloxan diabetes inhibit glucose uptake by ths trssue 345 While
the nature of these diabetogenic substances 1s not entirely clear 1t appeats
likely that the growth hormone 1s one of the factors involved 678 [ bram
tissue 1nsuhin and these diabetogentc factors appear to have no effect (se¢
Himwich®)

The present paper 15 concerned with the problem of determuntng Wh“;
step 1n the metabolism of glucose by muscle 1s affected by these hormon
factors The findings m muscle are compared to those 1n the brain The
data presented here are from our own largely unpublished studies T Mor®
complete presentation of the background of this problem will be found
the recent review by Stadie *

Levine Goldstein Huddlestun Henry and Klein®''! have recently
proposed that transport across the cell membrane may be the rate hmitng
step for glucose utthzation by certam tissues They propose that 1sulif
accelerates transport thus making glucose available i larger amounts fof
subsequent metabolism These proposals were based on the finding that cef
tain non metabolizable sugars in the absence of msulin were confined 10

the extracellular water n eviscerated nephrectorized dogs With sl

thi ¥
» The data presented 1o this report have been collected n collaboration W
Johnson J Wright and H Batsel ,
+ Prehminary reports of part of this work have been presented elsewhere

394
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admiustration however these sugars entered the intracellular water These
observattons with non metabohzable sugars have been confirmed and ex
tended by Wick and Drury ¥ ** Ross ! Haft and assoctates' and Fisher
and Lindsay '7 using a varsety of test systems Levine s proposal that glucose
transport would be accelerated by insulin was based 1n part on the observa
ton that those sugars sensttive to msulin had the same configuration as
glucose in carbon atoms | 2, and 3 More direct evidence m respect to
glucose stself however was not obtamned since it could not be determmned
whether wmsulin affected transport into the ceil or some subsequent step
mnvolving glucose utilization

In the present studies 1t has been possible to distingussh whether msulin
affects the transport of glucose or a subsequent metabolic step This distine
tion was based on the change n the level of intraceljular free glucose as will
be discussed presently In addition the effect of msulin on the transport of
several other sugars has been exammed m muscle and brain ussue spe
cifically Qur expenimental procedure i bnief was as follows Sprague
Dawley rats fasted 18 hours were eviscerated yust before use 1 order to
avoid insulin secretton The sugar to be tested was infused mtravenously
at a steady rate for a pertod of two hours with or without added 1nsulin At
the end of this ttme the concentration of sugar was determmed simultane
ously in the blood serum muscle tissues and brain The ratio of the concen
tration 1n the ussue to the concentration n the blood serum was regarded
2s an ndex of whether or not the sugar had remamed 1n the extracellular
fluud or had entered the cells This mterpretation may be understood more
easily with reference to Figure 1

In thus figure the ratio of the ussue to serum free sugar concentrations
(IS}/(Sls) 15 shown by the height of the columns It would be expected
that low ratios would be found if the sugar were confined to the extracellular
water since the extracellular water is only a small fraction of the total ussue
water 1819 0 The honzontal broken hnes across each column wmdicate the
Limiting ratio for extracellular distribution which would be obtained when
the sugar conc n the e Hlular water reached the blood serum
level This value 15 higher for the heart because of 1ts larger extracellular
volume 2 21 On the other hand 1f the sugar could pass across the cell mem
brane 1nto the relauvely Jarge volume of mtracellular water ratios abave
the extracellular hmting value would be expected * If the concentration
——

in theory a ratio higher than tbe mtracellular hating value could also be
obtained +f the sugar became more concentrated i the Intenstitial water than m the
serum or if the extracellular volume were cxpanded The first posstbiily 15 most
unlikely i view of the generally accepted concept that sugars pass i and out of tbe
<aps lanes by a process of diffusion In regard to the second possibitny 1he large mag
nitude of the effect seen with insubin 1 the present studtes would require a 2 to 4 fold
Eipansion of the extracellular volume m muscle wn the absence of any large exogenous
supply of water and salt Such extensive shifts m water and electrolytes within the
body if they are indeed possible have pever been associated with the action of msulie
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throughout the tissue for example, rose to equal the serum concentration
ratio of 1 0 would be found

The first group of experiments 1s concerned with the effect of msulin o1
the transport of four non metabolizable sugars In the panel on the kit n
Figure 1 are shown the ratios obtained when galactose or gelactose plus
msulin was infused into eviscerated rats Galactose concentrations #ert
determined by a quantitative paper chromatography m order to ensufe
specificity In the absence of msulin the concentrations of galactose found
1n the diaphragm heart and gastrocnemius were very low refative to the
serum With 1nsulin admimistration the ratios were much higher than would
be possible with an extracellular distribution Since galactose does not anse
by metabolic reacttons within the cell insultn must therefore accelerate 1S

10
o9 { CONTROL INsuLn O3
EXTRACELLULAR VOLUME-

B ] G B

D H G D H G
D GALACTOSE L ARABINOSE D XYLOSE

o84
07
06
51y 4 ]
s 04
034
02"
0147
004

—

Fio 1 The effect of msulin on the distribution of b galactose L arabtnos®
and D xylose m the tissue water of muscle and brain m eviscerated rats "

Abbreviations (8)g/(S)s the rato of the concentrations of the free susf*"f;r
the tissue to the concentration of the sugar m the blood serum (s¢€ et
interpretaton) D diaphragm H heart G gastrocnemus B braw o

Procedure Fasting rats were eviscerated and then given a continuous 1nfusi .
of the sugar to be tested with or without added msulin for a perod of 2 houf‘
The sugar was dissolved 1n 0 9 per cent NaCl and mjected tn a volume of 1 m;;
per 100 g of rat Fifteen minutes after the mfusion was stopped the ﬂd'l“”
killed and samples of blood serum muscle and brain were taken as rapt Ym
possible for estimation of their sugar content Galactose was estimated by ql;m
titative_paper ch using a of the melhod)sc({ e
tndge ™ L Arabmose and D xylose were estimated by a modification ® © i
orcinol method of Mejbaum 9 The average concentration of the free susf“’ .
the water of the blood serum and tissues was then calculated using the ¥ ““‘s
94 per ceat and 76 per cent for the water content of the serum and 0

ectively 18

resﬁl each’pa:r of values for the muscles the ratio with msulin 15 signaficanty
different from the control {p<01%)
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transport nto the cell from the outside In the bramn however the ratios
exceeded the limits of an extracelfular distribution i the presence of absence
of msulm It appears therefore that galactose enters these cells in the
absence of msulin and that the rite of entrance 15 not accelerated by the
hormone

Simdar ratios were obtaned with the pentose L arabinose as shown m
the center panel of Figure 1 The distnbution of this sugar was apparently
exteacellular m the absence of isulin but largely mtracellular w the pres
ence of insultn Penetration tato the cells of the bram occutred at & sigruficant
rate without msubin and was not accelerated by the hormone The results
obtaned with the pentose p-xylose were essenually the same (Fig. 1
nght panel)

In contrast to the above findings msuhin had littfe or no effect on the
transport of p-ribose mto the tissue cells (Fiy, 2 left panel} The tissue to
serum ratios were low m the absence of isukn and were not mereased

or ly by the Tt was ymp ta be sure that
the apparent lack of nibose peactration was not due in fact to removal of

1o o
09 CONTROL ' INSULIN £ Los
08 EXTRACELLULAR  VOLUME === Los
or Lo

i1 06 o6

5,051 ros
a4 ras
03 Lo.s

- - 7 -
o0z . _ g . R _ toz
o 7! O
7
004 é] @3 =] @ B Lao
5 " 6 B S W 6 B8 5 " 6 8
D RIBOSE D MANNOSE D FRUCTOSE

M"JU 2 ‘The eflect of wsula on the distribution of p-ribose b magnase and
TUctose 1 the tissue water of muscle and bram of eviscerated rats
Adbreviations {8)7/{8)y the ratio of the concenirations of the free sugar
@ fissue fo the concentraton of the sugar 10 the blood serum {see text for
INerpretation) D draphragm H heant G gastrocnermus B bramn
© b:Dndurz Fasting eviscerated rats were infused intravenowsly with the sugar
s tested as described 10 Figure 1 p Ribose was estumated by 2 modification®®
mmo:)rbam;]m ’d i was Y paper cl;m~
andnd‘: J.' adapted from Pactridge 7 p-fru tose by the procedure of Roe? or
Iroln ();: case of pribose the values with imsuhin are pot sigmificantly different
un“iv‘ : 3ppropnate controls In the case of b mannose and p-fructose the val
b th msubin are sigmificantly different (p<D 1% ) 1n the case of the muscle
tsues but not the bramn
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the sugar by intracellular metabohc processes Total recoveries of the
pentose from the eviscerated animal therefore were carried out and vir
tually all the sugar injected could be recovered at the end of the experment
The present results do not mean necessanly that nbose transport 1s con
pletely unresponsive to msuln It may simply be that the rate does not
become fast enough to be detected at the time mterval tested Ribose and 2
number of other sugars * * which penetrate cells very slowly do not
difier sigmificantly n size and solubthty from sugars which enter very mu b
faster Since size and hipid solubility are the principal known factors gover
mg diffusion 1nto cells * the relatively slow penetration of nbose suooests
that transport across the cell membrane may not be a process of simple
diffusion It points rather to an enzymatic or chemical process sensitne to
changes 1n configuration as suggested by Levine and associates ur Yk
and Drury?? 1¢ and Ross 5 ¢

In the second group of experiments 1t was shown that msulin accelerates
the transport of the metabolizable sugars D and D fructose 10
muscle cells The experimental procedure was the same as already described
The ratios shown mn Figure 2 (center panel) mdicate that mannos® 3
extracellular in muscle 1n the absence of msulin but that large amounlsoé
the free sugar are intracellular 1n the presence of msulm Mannose 15 foun
within the bramn cells to about the same extent n the presence ot absence
of the hormone wi

In their studies with the eviscerated dog Levine and associates
postulated that mannose was converted to glucose prior to entry wato the
cells In the present studies however there can be no doubt that mannos
penetrates the cells without conversion since the sugar recovered 1 e
tissue extracts was 1dentified as mannose by quantitative paper chromato?
raphy Drury and Wick® have also concluded that mannase as such peré
trates the extrahepatic cells of the eviscerated rabbit

There has been some question as to whether msulin affects fructoschﬂ:
muscle tissue 1939313 %3 The present data (Fig 2) mdicate clearly tha!
fructose 1s extracellular n the absence of insulin but 1s present a8 the frclﬂl
sugar 1n large amounts 1n the presence of nsubin In the bran very 5"‘“(
amounts of fructose were recovered It cannot be determined by the presen
procedure to what extent this was due to slow penetration™ or (0 rcmo‘l"’n
of the sugar by brain hexokinase 3* Con and associates™ found that msu}lw
did not mcrease the utilizatton of fructose by the eviscerated rat In :hc
present expenments when fructose was estimated n the whole carcass ald .
end of the expentment about 20 per cent more of the sugar was utilize .
the insulnized ammals By comparison when glucose was adm:mstcrlfcs
msulin promoted utthzation by 400-500 per cent While nsultm m2
fructose available 1 larger amounts as substrate within the cell phoSPh"'Z
lation 1s ot greatly increased This may be due to the very low affinity
muscle fructokinase for 1ts substrate 3¢
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The third group of expeniments deals in some detarl with the effect of
insulin on the transport of glucose, the sugar of principal physiological
mterest The procedure was as already described except that the perrod of
tnfusion of glucose was only one hour In Figure 3 1s shown the effect of
msulm on the glucose concentration 1 the heart muscle of eviscerated sats
At any given serum glucose level the free glucose concentration found
the muscle was relatively low n the absence of wnsulin In the presence of
mnsulin at comparable blood glucose levels the concentration m the
muscle was 3 to 4 tumes higher The deterninations for the control and
hormone treated animals fit farcly well along two strarght lines showng that
the ratios of the muscle to serum glucose concentratons were reasonably
constant and mndependent of the absolute level of the blood plucose
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Fio 3 The eflect of msulin on the concentration of free glucose 1n the heart
mUsele of eviscerated rats at various blood serum glucose levels

Fasting rats were eviscerated and then given a continuous tntravenous infusion
of glucose with or without msulin (10 umts per 100 g) for a period of 1 hour
Fifleen mynutes lTater the rat was killed and samples of blood serum and heart
!\!’/msde were laken as raprdly as possible for esimation of free ghicose content

2ri0us levels of blood serum glucose were obtained by varymg the concentra
#0n of glucose nfused
d;he methods for extraction of glucose and removal of glucose phosphates??
x‘ ‘ﬂol cause breakdown of glucose phosphates as shown by appropriate con
rols Free glucose in the extracts was by the of h
}gg'd‘“ 1m a system yeast hexok and Z
the ™ The free glucose concentrations were corrected for the protem content of

® Ussue as described under Figure 1
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These data for the heart and similar data for the diaphragm and
gastrocnemuus were used to calculate the muscle to serum free glucose
concentrations ([Gly/[G)s) shown on the left 1n Figure 4 In the absence
of insulin the rattos mdicated an extracellular distribution In the presence
of insulin however there was a large amount of intracellular free glucose 1
the diaphragm and heart The effect of insulin in the gastrocnemius »as
relatively small put probably significant

Since evisceration causes extensive circulatory and metabolic changes
1t appeared important to determine whether the same effect of 1nsulin could
also be obtamed 1n mtact rats (Fig 4 center) In the control ammals the
ratios were detetmuned only at normal blood glucose concentrations st

10
CONTROL INSULIN 3
094
EXTRACELLULAR VOLUME =-=— STAND ERROR OF MEAN =
084
074 12
064
12 4 &
05+ 1
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034 12 5 2 9
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024 9
) lj 5
oo
D H G D H & p H G
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Fia 4 The effect of msulin on the distribution of free glucose in the musclés
of eviscerated intact and alloxan drabetic rats s 10

Abbreviations (G)yu/(G)s the ratio of the concentration of free S[““’O“)
the muscle to the concentration 1n the blood serum (see text for nterpretaty °)
D diaphragm H heart G gastrocnemius The number of expenments 17 €
series s gwven by the figure at the top of each column g undef

The expenmental procedure and analytical methods have been outline duwnth
Figure 3 The control rats i the intact and diabetic series were sfuse '
saline only All diabetic rats had 18 hour fastng blood sugars of 250 mnri;
cent or more 2~4 days after mtravenous mjections of 60 mg of afloxan pe
body weight ;

The statistical analyss of the insuln effect for significance tn terms O 14 201
was as follows (per cent) In the eviscerated series draphragm <01 heart o
gastrocnemius < 1 1n the mntact series diaphragm < 01 heart < 21 E“cm'us
nemus > 1 0 the diabetic senies draphragm < 01 heart <0 1 gastrocn

>1

values
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tugher concentrations mught cause snsulm secretion The ratos i the
absence of msulin indwcated 2n extracellvlar glucose distubution With
msuhn adnunistration howeser free glucose accumulated within the cells
of the diaphragm and heart as was secn 1n the previous senes

The nse an inteacelolar free glucose in the presence of msulin has been
interpreted as follows The level of mteacettular glucose has been considered
to be a function of three processes as shown 1n the following dapram

EXTRACELLULAR INTRACELLULAR
FREE GLUCOSE METABOLITIES

(1) Transport process (2) Glucose production

INTRACELLULAR
FREE GLUCOSE

{3) Glucokanase

GLUCOSE-6-PHOSPHATE

ETC

The level of mtraceliutar glucose would nise as a result of one or more of
the following changes in the rate of these processes {1} acceleration of
iransport wto the cell {2) reduced phosphorylation by the glucokmase
teaction which 15 the first step i glucose metabolism In regard to the
action of wsulm the last two changes appear most unlikely on the following
gravnds Glacose production by muscle s generally regarded as bemng
shight due to the absence of glucose phosphatase and because the gluco

nase equibinm strongly favors glucose 6 phosphate formation The
oy reachions Jnown to release free glucose 1n muscle are associated with
glycogen breakdown 3138 With mnsulin however there 1s a strong stunula
fion of glycogen synthesss Furth m exp with the solated
fat diaph 3% we could d no effect of msuln on glucose pro-
duchon The muscle was wcubated w wmedwm contamng C¥ labelted
Bucose and after an appropuiate tune the free ghucose of the muscle was
fsolated In no istance did msuhin cause a ilution of the isotope indicating
3t no free glucose was 1tk d from end labelled sources The
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possibility that phosphorylation 1s reduced 1s contrary to the well-established
fact that insulin increases glucose utihization which must necessarly pass
through the glucokinase step On these grounds therefore 1t seems that the
only reasonable explanation for the nise in intracellular free glucose is the
acceleration of transport mto the cell This mterpretation 15 consistent with
the observations 1n regard to galactose, L arabinose, xylose manniose and
fructose Insuln must accelerate the transport of these sugars since the
hormone does not ncrease their intracellular production or inhibit ther
utilization

The present studies mndicate that the action of insulin on transport
distinct from any possible effect on the glucokinase system as postulated by
Cort and associates #0414 43 Fyrst jnsulin accelerates transport of such
sugars as galictose L arabmnose and xylose which are not phosphorylaltd by
the enzyme Second tn the case of glucose the mtracellular free sugar would
fall rather than rise if the acceleration of transport were secondary to sum
lation of glucokinase activity It also follows on the same grounds that
glucokmase 1s not an ntegral part of the transport system It may be further
concluded that transport 1s the rate hmiting step for glucose utilization Of
uptake by the non imsulnized muscle This follows from the observation
that no mtracellular glucose is found 1n the absence of the hormone The
enzyme systems subsequent to transport are hmrted therefore by the rate
at which transport makes substrate available With acceleration of transport
more substrate becomes available and the activity of glucokinase and subst“
quent enzyme systems in the metabolic sequence 1s sncreased  With fu

1 and abundant free intracellular glucose the glucohinas

reaction may become the rate hmiting step

The final group of experiments 1 which glucose with or with .
was nfused into alloxan diabetic rats 1s presented in Figure 4 (night pancl)
In the absence of msulin the tissue to serum glucose ratios ndrcated lntle
or no free mtracellular glucose With msulin admimstration howeves mtra
cellular free glucose accumulated i the draphragm and heart No effect was
seen m the gastrocnemius As mentioned earlier glucose utihization 1
mhibrted i alloxan diabetes by diabetogenic factors which result from
anterior prtuitary and adrenal cortical acttvity The absence of free mtr:;I
cellular glucose 1n the diabetic muscle mndicates that here also the tmnsf’z)r
process rather than the glucokinase reaction* 1s the rate hmiting step o
glucose utilization Since utilization 15 mhibited it follows that the tm;fs}’lhe
step must be the site of mhibition by the diabetogentc factors o
inhibition were on the hexokinase step as was suggested by Con and as

out msulm

ucose would Id

cates  glucos Id still be expected to enter the cell where 1t \:0‘
O 1€ h at T 1 of !

accumulate due to reduced phosphorylation The f X lr'-l

cellular glucose which occurs when insulin 1s given indicates th: how
nhibition of transport can be counteracted by the hormone Insulin
ever 1s somewhat Iess effective than in the normal ammal
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In discussing the action of mnsulm on the transport of glucose the pos
sibility that msulin affects the capillary circulation or permeabihity must be
considered A more rapid flow of glucose out of the capillaries could
concetvably result 1n hugher concentrations of glucose at the cell wall and
hence faster transport mto the cell There 1s no evidence however that
msulin affects capillary circulation While capillary permeability may be
affected by msulin, 1t would be difficult to beheve that this 1s a major action
of the hormone The studies of Levine and associates?® 11 and Wick and
Drury's # show that sugars mncluding glucose are distributed relatively
rapidly throughout the extracellular water in the absence of the hormone
There would appear therefore to be no major barner to glucose penetratton
until the celf wallis reached In additton msulm effects on glucose utilization
are readily observed 1n in viro systems such as the lens of the eye ! where
capullary effects can play no role There seems to be little doubt therefore
that the prinerpal locus of this msulin action is at the cell membrane

In the present studies with glucose 1t was observed that the effect of
msuhn on free glucose 1n the gastrocnemius was small or absent although
large m the heart and diaphragm This difference 15 most easily explaned
on the basis of a quanutatively smaller effect on transport rather than a
qualtatively different action of the hormone In the earhier discussion 1t
was pointed out that any acceleration of transport should result in a nse
mtracellular free glucose However a large or readily measurable nse
would be expected only when the transport rate increased to such an extent
that the capacuty of the glucokinase system to remove intracellular glucose
was exceeded In other words a large rise would occur only when the
gluokinase system approached saturation with respect to substrate This
Situation dud not occur 1 the gastrocnemius perhaps because the mtan
sically smaller capillary bed and restncted diffuston due to immobiluty of
the muscle made less glucose available for transport through the cell wall
1t 15 also possible that the capacity of the glucokinase system n the gas
trocnemuns 15 greater than in the heart or draphragm This would allow
faster phosphorylation of intracellular free glucose and reduce its accumula
ton In the case of those sugars which are removed stowly af at all by
mtracellular metabolstn the effect of wnsulin o the gastrocnemuus was
apparently the same as m the diaphragm and heart although somewhat
smaller

The passage of glucose mto the muscle cell does not appear to be a process
of simple diffusion As mentioned earlier the widely different rates of trans
port of sugars which are very simtlar in siz¢ and solubihity suggests a
more specific process The effect of msulin on some sugars and not on others
such as sorbitol and possibly nbose would also be difficult to reconcile

“ith a process of diffusion The exact relationshep between structure trans
Port rate and nsulin effect 15 not yet clear It may be noted here that the
Present studies with mannose and fructose do not support Levine and asso
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ciates concluston that a glucose configuration 1n carbon atoms 1,2 and 31
necessary for an msulim effect on transport A further argument agamnst 2
diffuston process 1s the observation that the transport process in the bram
apparently differs from the muscle 1n bemng nsensitnve to imsulin The
fulure of wnsulin to stmulate transport mto the bram 1s consistent with
the well known absence of any nsulin effect on glucose metabolism by this
tissue

In their recent studies of the human erythrocyte LeFevret? 4 and
Widdas®® ' have obtamed some mdications of the nature of the process by
which glucose and other sugars cross the cell membrane They pont out
from himetic studies that transport cannot be a process of simple diffuston
Furthermore the transport rate 1s very sensitive to changes in the configura
tion of the sugar molecule, and competition for transport among sugars
mncluding glucose fructose and galactose can be demonstrated It was par
ticularly nteresting that the kmetics of transport fit well to the postulate
that glucose crosses the membrane m combined form ‘This concept of

carrier transport  has many analogtes to an enzyme catalyzed process

In summary the present studies provide experimental support for the
proposal that an action of insulin 1n muscle 1s to accelerate the transport of
glucose across the cell membrane Acceleration of transport makes glucose
available 1n larger amounts within the cell for subsequent metabolic steps
The transport of a number of other sugars including mannose and fructose
1s stmularly accelerated Transport mnto the cell 1s the rate imiting step for
glucose utihization by the non insulimized muscle, and 1t 15 mibited 17
alloxan diabetes Insulm does not appear to affect the transport of sugars
mto the cells of the bran
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DISCUSSION
Growth Hormone and Cellular Systems

Designated Discussion

CARL CORI (Chairman) This discussion period was to be opened by Dr
Gerty Cornt Regrettably she was unable to come and Dr Lehnmger kindly
agreed to be the substitute designated discussor He arrved for the sym
postum but unfortunately became ill and will be unable to fill hus role
Therefore the problem of a pinch futter anises and 1 would ask for vl
unteers

(Edutor s note By acclamation Dr Carl Con became the designated ds
cussor )}

CARL CORI  One of the broad questions which we have been hearng about
this morming 1s whether or not hormones mght be regarded as regulators of
enzymatic rates If that s their function then we might ask whether or not
they influence the specific enzymatic action which would keep them 1n line
with the high specificity of biological processes we are used to at least
the enzyme field We might ask on the other hand whether or not hormon¢s
influence a multiplicity of enzymes and therefore act at different pomts I
they have one locus of action then their effects mught be considered as being
primary secondary or tertrary and their action would require explanation
1n such a sequence

Now we have heard from Dr Krahl who has introduced another diffi
culty mnto the problem of purification of the hormones He mentioned that
there may be a lipoproten i the pituitary which inhibats glucose uptake it
the 1solated diaphragm and which also mhibits an isolated enzyme, namely
hexokinase He reported this Iipoprotein factor may be found also, 10 the
serum of diabetic ammals If T am not mustaken some attempts have been
made by krahl and also by Bornstem to reverse this mhibition with 1
sulin and perhaps Dr Krahl would like to comment on this pomt stmce
he didn t mention 1t 1n his talk The reversibility by msulin of this nhibitton
would be an important observation

The second paper that of Dr Gaebler had to do with the mamtenance
of enzymes 1n tissues under the mnfluence of njected prtustary hcrmoncj
The reported studies were based on measurements of enzyme levels ﬂnde
here the important question arises—since so many studes are being ma :
on enzyme concentrations—as to how much of a particular enzyme d":s
the cell need to carry out its function We do not know If there is a scr;:
of enzymatic reactions one particular enzyme might be regarded as the r:“
Iimiting step and its dimunition might effect over all processes Ho»{c“y
other enzymes may be present i great excess and therefore mas
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possible effect on over all rates This seers to have been the case 1n one of
the which was d hed under the infl of antenor lobe
extract and yet when tagged substrate was admimistered to test enzymatic
actity no marked cffects on the metabolic rate were seen So this 1s the
second pont we might consider futther

The third paper presented by Dr Park had to do with the transport of
substances across the cell membrane This phenomenon I think 1t 1s fair to
say so far has escaped defimtion or even 1n any way a mechamstic mnter
pretation The only thing one does say about the transport of glucose and
other substances across the cell membrane 1s that the process 1s an active
one But this doesn t say very much about the obviously important question
as to what determmines the rate of cellular metabolism Is 1t determined by
the y tt ves or by the sut that cross the cell

and their withm? Now 1n the case of oxygen we

certainly know that 1t 1s not the oxygen tenston 1n the cell which determines
the rate of oxidation but rather 1t 1s the rate at which the catalysts proceed
to use the oxygen According to the data presented by Dr Park however
the situation would be reversed It would be the intracellular concentration
of glucose which would determune the rate of metabolism This 15 a very
important pom! to consider It imphes of course that there is a difference
between the extracellular and mtracellular glucose which as Dr Park has
shown and as recogmzed for some tme 1s true for muscle In the studies
of the liver however of intra and Tlular glucose con
centrations have shown them to be equal which follows ncidentally from
the fact that the Tiver 15 not only taking up glucose but also producing 1t
We are faced with the question then as to whether msulin acts at all on the
Iwer Formerly especially by the Soskin Levine school all of the msulm
action was placed on the liver and the penpheral action of insulin was not
even admitted Now 1f we accept the proposiion which Dr Park has dis
cussed we would reverse our stand and say that msulin acts only on the
Peripheral tissues not on the liver I would hike to point out that mn the
€xpenments performed by Levine muscular exercise had exactly the same
effect as insulin on the transport of glucose from the extra to the mtra
cellutar space To be remembered also are the expeniments by Dr Charkoft
which he recently published i the American Journal of Physiology He
measured the glucose space 1n normal and drabetic animals both with and
without insulin These antmals were entirely normal tramed and unanesthe
tized He could find no effect of insulin on the glucose space and his conclu
Ston was that his data nerther demed nor confirmed the concept that msulin
acts on glucose transport across the cell membrane I think his statement 15
fair because you would expect 1f glucose entry determines the metabolic
Tate that glucose getting across should be removed just as fast and you
would observe. no change m 1ts distribution

T would Tike to direct at Dr Park one comment which seems to be very
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DISCUSSION
Growth Hormone and Cellular Systems

Designated Discussion

carL COR! (Chairman) This discussion period was to be opened by Dr
Gerty Con Regrettably she was unable to come and Dr Lehninger Kndly
agreed to be the substitute designated discussor He arnved for the sym
postum but unfortunately became ill and will be unable to fill hus role
Therefore the problem of a pinch huter anses and 1 would ask for vol
unteers

(Edutor s note By acclamation Dr Carl Cori became the designated di
cussor )

CARL CORI One of the broad questions which we have been hearing about
this morning 1s whether or not hormones might be regarded as regulators of
enzymatic rates If that 1s their function then we might ask whether or not
they influence the specific enzymatic action which would keep them 1 line
with the high sp y of brological p we are used to, at Jeast 18
the enzyme field We might ask on the other hand whether or not hormones
mnfluence a multiplictty of enzymes and therefore act at different pomts u
they have one locus of 1ction then therr effects might be considered as bemg
primary secondary or teruary and their action would require explanation
n such a sequence

Now we have heard from Dr krahl who has introduced another diffi
culty mto the problem of purification of the hormones He mentioned that
there may be a lipoprotein m the pitustary which inhibits glucose uptake 1
the 1solated diaphragm and which also nhibits an 1solated enzyme namely
hexokinase He reported this Lipoproten factor may be found also 11 the
serum of diabetic animals If I am not mistaken some attempts have been
made by krahl and also by Bornstemn to reverse this inhibitton with 1
sulin and perhaps Dr krahl would like to comment on this pomt since
he didn t mention 1t m Jus talk The reversibility by insulin of thts nhibition
would be an mmportant observation

The second paper that of Dr Gaebler had to do with the maintenance
of enzymes n tissues under the mnfluence of injected pitwitary hoxmone§
The reported studies were based on measurements of enzyme Jevels an
here the important question anses—since so many studtes are being made
on enzyme concentrations—as to how much of a particular enzyme does
the cell need to carry out its function We do not know If there 1s 2 seres
of enzymatic reactions one particular enzyme might be regarded as the ra:i
hmuting step and 1ts dimumtton mght effect over all processes How:\n
nzymes may be present 1n great excess and therefore, mask any

other ¢
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and co-factors Under no have we ob 1 any effects of
msulin We feel that this system should be sensitive to msulin if the hor
mone 15 involved tn any of the reactions of glucose catabolism

B A 1oussAy I would like to direct some questions to Dr krahl In am
maly myected wath puustary extracts o growth hormone there s a delay
m the disorder of carbohydrate of one ot two days before you get drabetic
signs Duning this tme 15 there a rapid development of your antagomst—
your fipapratein? The other question concerns the anunal without a pancreas
and insulin and the fact that wsulin and your prmciple are probably an
tagomstic Is there a difference either i ime of appearance or i amount
between the hpoprotem development n serum of an ammat depnved of its
Ppancreas and m the serum of an mntact ammal®

M E XranL Perhaps 1 mught now reply to Dr Cons question as to
vhether or not msuhn has any effect upon the hpoprotemn wbition of
#hu ose utibzation mn celt free muscle extracts Bomnstem and I have done
3 number of experiments on this questton and the reason I did not report
oa these studies 15 that the effects of msukin are not completely umform In
about 25 or 30 per cent of the nstances m which whibiion was obfained
by small concentrations of hipoprotein the msulin revessed this mhibiion
In the other mstances we were unable to get such an effect We do nat
kaow how to get a umform insulin reversal in thus system

1n answer to Dr Houssay s questton as to the nme required for this i
hibitor in the Ipopsotein fraction to develop I can say it takes some hours
In the expenments shown i the Figure from Park and Bornstein s paper
where the imhibitor disappeared from the serom of dsabetic antmals when
the correspanding group was hypophysectomized one could restore this
whibutor by wgecting growth b and mto the hypoph
tomized drabettc ammal This restoration takes some hours The second
question Ibelieve was whether ot not there is a difference i the concentra
Yion of thts inhubitor 1n the diabetsc and normal anmal We have not mvesti
Lated this pornt 1n detar] but, under the present conditions of our test, we
have observed it from | t d from the diabetec serum
and little or no inhik from rs“(mm prop prepared from normal
serum 1 suspect this 1s the result of suln betng present 1 the same frac
bon of the normal serum

€N u toNG T would Iike to ask Dr Park a question which 1 am sure
a3 occurred 1o many of you I believe he showed that m the alloxan
diabenc rat there was no differential concentration between the ntracellular
‘and Extracellular glucose Now what are his findings 10 the hypaphysec
omzed depancreatized amimal i which Dr rah! and hus colleagues have
ot found the mhibitory factor?
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important When one works with eviscerated amimals—and I know that b¢
has performed experiments without evisceration—but, m the eviscerated
ammal as used by Levine, 1t 1s necessary to nject glucose and msulin at
the same time, because msulin alone will kill the animal from hypoglycemia
Now this means that you are changing the metabolism of the muscle tre
mendously, as has been known, for example, from the experiments of Best
and others on eviscerated cats In these experiments, the mjection of glucost
with mnsulin mncreased the oxygen uptake of muscle tremendously and
Dr Best 1s here, I would like to have him comment on his old experments

I think this 1s enough comment perhaps to start the general discussiot
except 1f I may mention for one final pomnt In recent studies conducted at
our laboratory on the problem of permeabihity, using different methods than
the distribution of sugar between blood and tissues we found one cell the
ascites tumor cell which takes up sugars very readily and as faras %e could
determune, 1s ot influenced at all by the addition of msulin It does hmed
cell membrane 1t does have a transport mechamism, presumably but that
alone 1s not enough to provide the action of insulin

General Discussion

T LEVITT May I congratulate Drs Krahl Gaebler and Park on three ex
cellent and very helpful papers There 1s one pomt where I would like 10
inquire and 1t 15 directed at Dr Gaebler I believe he smd that hypophysee
tomy produced a fall i the alkalme phosphatase and that thyroxin Testore!
the alkahne phosphatase but did not ncrease the bone weight to normal
Now I would like to ask hun firstly whether or not he noticed 10 thes
expermments the effect of total thyroidectomy on alkaline phosphatase ‘bone
weight growth and maturation Secondly does trt 10dothyronine reduce the
thyroxm effects numerically? Thirdly, does growth hormone manifest the
same effects as thyroxin 1n this instance? If not how do they differ?

0 H GAEBLER Unfortunately there are no answers to two of these ques
tions because no expernments were done either with trt 1odothyronine of n
thyrod d ammals 1 d the dose of thyroun which ©
course would be important in these results

SIDNEY WEINHOUSE Dr Park s paper m particular has impressed me very
much There 1s accumulating evidence that somehow nsulin 18 nvolved 18
cell permeability T might mention some work of Mrs Dunn m our labozln
tory which 1n a negative way may be cited 1n support of this idea of insult

action We have carnied out some experiments with whole unfractionate!

homogenates of muscle heart liver and brain In such preparations I;"g’n
erly fortified glucose oxidation 1s very rapid We have been unable to 0 1

any effect of msulin 1n such systems Fortunately we are ble to hml: nsm
cose oxdation 1n this system by changing the concentration of substr
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and co-factors Under no have we ob d any effects of
wsubn We feel that this system should be sensitive to mnsulin 1f the hor
mone 15 mvolved 1n any of the reactions of glucose catabolism

B A HoussaY I would like to direct some questons to Dr hrahl In am
mals mjected with pitutary extracts or growth hormone there 1s a delay
m the disorder of carbohydrate of one or two days before you get diabetic
signs During this time, 15 there a rapid development of your antagonist—
your lipoprotein? The other question concerns the antmal without a pancreas
and msulin and the fact that msulin and your principle are probably an
tagomstic Is there a dufference either in time of appearance or in amount
between the lipoprotein development 1n serum of an ammal depnived of 1ts
pancreas and 1n the serum of an intact anmal?

M E RRAML Perhaps I might now reply to Dr Cons question as to
whether or not msulin has any effect upon the lipoprotem inhibition of
glucose utthzation in cell free muscle extracts Bomstein and 1 have done
2 number of expeniments on this question and the reason I did not report
on these studies 1s that the effects of insulin are not completely umform In
2bout 25 or 30 per cent of the mstances 1m which mhibition was obtamned
by small concentrations of lipoprotetn the insulin reversed this whibition
In the other mstances we were unable to get such an effect We do not
know how to get 2 umform insuhin reversal in this system

In answer to Dr Houssay s question as to the tume required for this 1
hibitor 1n the hipoproten fraction to dey elop I can say 1t takes some hours
In the expenments shown 1 the Figure from Park and Bornstein s paper
where the whibitor disappeared from the serum of diabetic anumals when
the carresponding group was hypophysectomized one could restore this
whibitor by Injecting growth hormone and cortisone nto the hypophysec
tomuzed diabetic ammal ‘This restoration takes some hours The second
duestion Ibelieve was whether or not there 15 a difference m the concentra
tion of this ilubitor n the diabetic and normal animal We have not investi
gated this potnt 1n detail but under the present conditions of our test we
have observed 1nhibition from 1 pog t from the diabetic serum
and fittle or no mhibition from similar liproprotein prepared from normal
Serum T suspect this 15 the result of mnsulin being present m the same frac
t10n of the normal serum

€ N W 1oNG T would ke to ask Dr Park a question which Tam sure
has occurred to many of you I believe he showed that 1n the alloxan
disbete rat there was no differcntial concentration between the mtracellular
and extracellylar glucose Now what ate hus findigs 1n the hypophysec

fomuzed depancreatized ammat 1n which Dr krahl and his colleagues have
2ot found the ihibitory factor?
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P J RANDLE Dr Krahl commented that growth hormone by stself had
no mfluence on the glucose uptake of the normal rat diaphragm This we
have been able to confirm i 1 varetv of concentrations of the hormone
The growth hormone has becn reported by Pirk and lus assocrates to have
an msulin like 1ction on the glucose uptake of the draphragm of the by
pophysectomized rat when the hormone was added m vitro We have been
able to show recently using very low concentrations of growth hormone
and msubm approximately 0 1 pg of each per m! i vitro that grovth
hormone significantly enhances the action of insulin on the glucose uptake
of the 1solated diaphragm of the normal rat We have obtamed also some
confirmation of the existence of the lipoproten mhibstor m the plasma of
the alloxan diabetic rat We observed that plasma from the alloxan diabetic
rat unlike that from the normal rat does not stimulate the glucose uptake
of the 1solated diaphragm of the normal rat When the plasma was repeat
edly frozen and thawed under the condittons which Bornsten described
then the same plasma sample thereafter was capable of sumulating the
glucose uptake of the normal rat diaphragm

I would Iike to ask Dr Krahl what he considers to be the physiologez!
significance of this mhibitor Does he consider 1t to be related to the 42
betogenic action of growth hormone and 1f so has he 1solated 1t from the
plasma of an amimal 1n which growth hormone 15 normally diabetogenic?

With respect to Dr Park s comments on the rate of transport of glucos®
across the cell membranc I have a brief remark Dr Park referred t0
Dr Ross work in which the rate of transport of glucose across the blood
aqueous barrier was measured 1n rabbits Dr Ross has also studied the 11
fiuence of a crude piturtary extract which was rich in growth hormone a0
observed that the extract like tnsuhin increased the transfer rate of ghicost
across the blood aqueous barrier and did not mhibit the action of msulin
1n doing so

M E KRAHL Inrespect to the question about the physiological sigmificance
of these lipoproterns I really can do nothing but speculate I would like t0
say however that we have studied the mhibition of glucose uptake only
diaphragm I this occurs 1n other tissues such as pancreatic sslets the per
sistence of glucose deprivation mn such cells may m the long run lead to
their degeneration

With respect to the second question as to whether or not the hpopmtcu}
has been obtaned from the plasma of an ammal with metahypophysed
diabetes 1 must 1eply that we have not run the expeniment but hope © do
1t this winter

¢ R paRk In the first place I might comment on Dr Cor s discussion HIC
referred to the transport process as being perhaps an active process Or

nanly Ithink we mean by active transport that the substance 1s bewng €O
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centrated across a membrane against a gradient In the case of glucose or
the other sugars we have no evidence for such a process In a nawve kind
of way Ilihe to think that glucose gets across the cell membrane by what
Twould call some speaific process and that in the case of muscle it 1s a
one way process stmply because the muscle hexokinase system acts as a
very effective trapping agent

We have no data of our own with respect to whether msulin might affect
the transport of glucose m the hiver This point rases a very interesting
physiologscal problem because 1f insulm accelerates glucose transport 1nto
the Dver cell 1t might also concenably accelerate transport out and be
cause the liver itself produces large amounts of glucose This might lead to
some phystol 1 plications d ding on the state of the
ammal Qur data certamly does not indicate at all that the action of insulin
on muscle 15 necessanly the only action of insulin and I think we clearly
need to study other tissues particularly the liver

Now Dr Con mentioned the work of Chaihoff and others which nd:
cated that the glucose space of both the normal and diabetic ammal ap
proached an extraceliular tvpe of space when measured with radioactive
glucose 1 think from our own data we mught anticipate such results simply
because the effect of msulin on glucose transfer although most striking m
the diaphragm and the heart 1s rather smali in the gastrocnemius And of
course the gastr 1s probably rep ¢ of the large mass of
skeletal muscle If then the effect 1s small 1 this large mass of skeletal
muscle T doubt whether the net insulin effect on the whole animal would
be picked up In all of our experiments 1t was necessary of course to tnject
glucose along with the insulin for 1f we had mjected msuln alone we
would have failed to find enough glucose in the blood stream to determine
any of the ratios

Dr Con also pointed out and I think T mentioned previously that this
action of msulin on transport 1s perhaps pecuhar to the certam tissues
muscles n particular which we have studied 1 suspect that 1t will be
demonstrated also 1 other tissues Dr krahl showed a year or so ago that
10sultn would accelerate the glucose uptake of fat tissue We attempted to
demonstrate an ncreased transport of glucose m fat tissue This turned out
fobe a difficult technical problem simply because the itracellular space of
adipose tissue 15 50 small that we could not get a sausfactory analysis

Dr Long asked whether or not we have performed any studies 1n the

hypophysectomized rat We havent done such as yet but we certamly
would like to

8 J FouLey (Reading U y) To the one d by Dr Con T
tunk we could add another tssue which shows mn actve glucose uptake
ut which 15 not affected by msulm For instance slices of mammary glands
taken from rummnants by contrast to non rumnants actively utilize the
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sugar, not for lipogenesis, but, presumably, for oxidation This 15 apparent
because when one uses labeled sugar, st can be detected 1n the carbon
dioxide and, yet, that process 1s quite unaffected by the addition of msulin
to the medium

1 would like to address a question to Dr Park He obtamed mterestng
results concerming the transport of galactose 1nto bram tissue Now 1t s
known that galactose 1s metabolized 1n brain Has he considered measurin,
the effect of msulin on the transport of galactose nto mammary Ussie
where of course, there 1s a very active metabolism of that sugar?

¢ R PARL We have not attempted to measure galactose transport 1 mam
mary tissue Iwould Iike to add I think there are a number of tissues 11scl
sttve to this msuln efiect The red blood cell has been studied quie
extensively in this regard It has apparently, a specific transport prowess for
glucose but does not respond to msuln
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The Influence of Growth Hormone on Blood
Insulin and Glucagon Activity

P J Randle
University of Cambridge Cambridge England

Studies of the part played by wnsulin 1 the growth and mtrogen retention
induced by growth hormone and of the influence of growth hormone upon
the histology and msulin content of the pancreas have suggested that pitur
tary growth h exerts an mfl upon the of insulin by
the pancreatic sslets These studies the subject of several reviews #1234 will
have been discussed by others at this symposwm This presentation will be
lmuted to a review of attempts to assess directly the nfluence of growth
hormone upon the msulin of the p 1slets M
Were made of blood levels of nsulin activity 1n ammals injected with growth
hormone 1 human patients suffering from diseases believed to mvolve dis
ordered secretion of pitwtary growth hormone and 1 blood perfusing the
tsolated rat pancreas in virro under the mfluence of growth hormone

The Nature of Plasma Tnsulin Activity At the present time the minute
amounts of msulin 1n blood plasma can be detected and estimated only by
biological methods based upon the blood sugar response of sunably pre
Pared test anmalsS® ¥ 49 or the in vitro glucose uptake of the 1solated rat
diaphragm 19111 1t 15 doubtful whether these methods give a true estimate
of the insulin content of blood plasma since blood plasma may well contain
1n additton to nsulin factors which m the bioassay have themselves an
insulin Jike action or which enhance the action of insulin or which oppose
the action of nsulm Biologeal estimates of the msulin content of blood
Plasma necessanly measure the resultant of these various nteracting
factors and 1t 15 therefore preferable to refer o the b y di
msulin content of blood plasma as the plasma msulin actmty

Secretion of Insulin by the Tsolated Perfused Pancreas Anderson and
Long attempted to demonstrate a direct action of growth hormone upon the

413
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sugar, not for hpogenesis, but, presumably, for oxidation This 1s apparent
because when one uses Jabeled sugar, 1t can be detected 1n the carbon
droxide and, yet, that process 15 quite unaffected by the addition of msulm
to the medium

I would like to address a question to Dr Park He obtaned mterestng
results concerming the transport of galactose into brain tissue Now s
known that galactose 1s metabolized 1n brain Has he considered measuomt
the effect of mnsulin on the transport of galactose mto mammary lssie
where, of course, there 1s a very active metabolism of that sugar?

¢ R PARKk We have not attempted to measure galactose transport i mem
mary tissue I would litke to add I think there are a number of tissues msed
sttive to this msubn effect The red blood cell has been studied quite
extenstvely in this regard It has apparently a specific transport process for
glucose but does not respond to msulin
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ADHA rats When a growth hormone solutron was administered to reciptent
ADHA rats no change 1n blood sugar level occurred within 30 munutes
When however growth hormone was admimstered to donor ADHA rats
and portal vein blood from these amimals ijected into recipient ADHA
rats a transient but significant nise of blood sugar level occurred 1n the re
cipient ADHA rats within 30 minutes of the mjection this change of blood
sugar Jevel was accompanied by depletion of liver glycogen Similarly when
portal (pancreatico-duodenal) vemn blood from many growth hormone
dubetic or predinbetic cats was njected into reciprent ADHA rats a sig
mficant hyperglycaemia occurred in these amtmals By contrast femoral
vem blood from the same growth hormone njected cats exerted no hyper
gycaemic smfluence when 1njected into reciprent ADHA rats and indeed
n some instances a marked but not sigmificant fall of blood sugar Jevel
occurred No change 1n the blood sugar level of recipient ADHA rats fol
lowed the injection of portal or femoral vemn blood from saline injected cats
or ADHA rats
Bomstein Reid and Young concluded from these expenments that the
of growth h, to cats and ADHA rats resulted in the
appearance of a hyperglyc iemic factor 1n the portal blood of these ammals
which was capable of p Y of lier glycogen 1 ADHA
rats The authors concluded that this factor was 1 all probability glucagon
though as Young has remarked positive 1dentification of this factor must
await its 1solation from the blood ! There was no evidence 1 these expen
ments that growth hormone mfluenced the rate of msulin secretion by the
pancreatic islets of the cat though the presence of a hyperglycaemic factor
1 many of the plasma samples might well have prevented the detection of
msthin by the blood sugar response of ADHA rats
The possibility that glucagon may be released from the pancreatic islets
under the mfiuence of growth hormone in acromegaly 1s suggested by re
ports that plasma from diabetic acromegalic patients 1s hyperglycaemic m
the ADHA rat ' ! In these experiments arm vem blood plasma from dia
betic acromegalic patients was found to be hyperglycaemic i the ADHA
fat whereas Bornstein Reid and Young found only the portal vein blood of
£rowth hormone mnjected cats and ADHA rats to be hyperglycaemic 1n the
ADHA rat 12
Studies with Cross Circulatton Expeniments Foa and his associates
studied the mfluence of growth hormone upon the msulin and glucagon
vty of blood from the pancreatic and mesenteric vems of normal dogs
¥ Teans of crossed circulation 1 In these expenments two types of crossed
€irculation were established by the p or the 1c
ven of a donor dog to the femoral ven of a reciprent dog With dogs con
grcted m this way the d ation of growth I toa
dgnm dog was followed by an immeduate rise of blood sugar level n both
7ot and recipient dogs when the cross circulation was of the pancreatic
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nsulin secretion of the pancreatic islets by means of the ssolated perfused
pancreas of normal fasted rats © Usmg for the detectron of insulin actmvty
in blood the fall 1 blood sugar level of adrenodemedullated alloxan
diabetic hypophysectomised rats (AADH rats) these authors observed that
the addition of growth hormone to blood perfusing the isolated pancreas i
vitro suppressed the secretion of mnsulin which, otherwise, occurred when
the perfusing blood glucose level was high When the glucose level of the
petfusing blood was low (within Imuts of normal, fasting blood glucose
level) no secretion of msulin could be demonstrated with or without the
addition of growth hormone to the perfusing blood Since growth hormone
uself did not influence the detection of nsulin by the blood sugar response
of AADH rats Anderson and Long concluded that the direct action of
growth hormone upon the pancreatic islets was to suppress the secretion of
msulin which otherwise occurred in response to hyperglycaemia and that
excessive insulin secretion was unlikely to accompany a diabetogenic action
of the anterior pituitary The validity of such an snference ;s made doubtful
by more recent work which suggests that glucagon may be released from
the pancreatic sslets under the influence of growth hormone 1314 As Youns
has suggested ! the release of glucagon into the blood under the mfluence
of growth hormone might well prevent the detection of msulin by 2 method
based on the fall i blood sugar level of AADH rats

Moreover recent studtes of the action of growth hormone, admimntered
m wno upon the glucose uptake of the isolated rat diaphragm i 170
have shown that the inttial action of growth hormone 1s to stmulate the g
cose uptake of the 1solated rat diaphragm and that the diabetogenic cton
of growth hormone (which includes a depression of glucose uptake by the
1solated diaphragm of the rat) 1s not mamifested until several hours after the
injection of growth hormone 15 It has been suggested further that during
this latent peniod growth hormone 1s transformed 1 w0 to another mole
cule with diabetogenic properties'> (see also 18) and that this transforma
tion 1s dependent upon adrenocortical secretion 151718 19 The apparent Sup
pression of mnsulin secretion by growth hormone observed by Anderson and
Long may therefore have been the consequence of an msulin like action
of growth hormone upon the pancreatic islets The action of the postulated
transformation product of growth hormone upon mnsulin secretion by the
pancreatic islets may be entirely different and the possible importance of
the adrenal cortex 1n this connectton must be remembered

Influence of Growth Hormone on Insulin and Glucagon Actity
of Blood from Living Anmmals

Studies with the ADHA Rat Assay for Blood Insulin Bornsten Reid

and Young'® used the blood sugar response of alloxan diabetic hypophy

sectomised  adrenalectormsed  rats (ADHA rats)*® to study the msulin

activity of blood from saline or growth hormone wjected cats and from
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ADHA rats When a growth hormone solution was admumnistered to recipient
ADHA rats no change in blood sugar level occurred within 30 munutes
When however growth hormone was admmistered to donor ADHA rats
and portil vemn blood from these amimals injected into recipient ADHA
rats, 2 transient but significant nise of blood sugar level occurred in the re
cipient ADHA rats within 30 munutes of the injection this change of blood
sugar level was accompanted by depletion of liver glycogen Similarly when
portal (pancreatico duodenal) vem blood from many growth hormone
diabetic or prediabetic cats was injected mto recipient ADHA rats a sig
nificynt hyperglycaemia occurred i these amimals By contrast femoral
vewmn blood from the same growth hormone injected cats exerted no hyper
glycaerme influence when mjected into recipient ADHA rats and indeed
in some instances a marked but not significant fall of blood sugar level
occurred No change tn the blood sugar level of recipient ADHA rats fol
lowed the mjection of portal or femoral vein blood from saline mjected cats
or ADHA rats

Bornstein Reid and Young concluded from these experiments that the
admunistration of growth hormone to cats and ADHA rats resulted in the
appearance of a hyperglycaemc factor n the portal blood of these ammals
which was capable of promoting breakdown of liver glycogen in ADHA
1ats ‘The authors concluded that this factor was in all probability glucagon
though as Yonng has remarked positive tdentification of this factor must
avat its 1solation from the blood ! There was no evidence 1n these expen
ments that growth hormone nfluenced the rate of isulin secretion by the
pancreatic islets of the cat though the presence of a hyperglycaemic factor
n many of the plasma samples mught well have prevented the detection of
msulin by the blood sugar response of ADHA rats

The possibility that glucagon may be released fram the pancreatic 1slets
under the infl of growth h m galy 1s sug, d by re
ports that plasma from diabetic acromegalic patients s hyperglycaemic
the ADHA rat © 11In these experiments arm vem blood plasma from dia
betic acromegalic patients was found to be hyperglycaemic in the ADHA
fat whereas Bornstein Reid and Young found only the portal vein blood of
growth hormone myected cats and ADHA rats to be hyperglycaemuc i the
ADHA rat 13

Studies with Cross Crrculatton Expermments Foa and lus assocutes
studied the influence of growth hormone upon the msulin and glucagon
actvity of blood from the pancreatic and mesentenic vems of normal dogs
by m'eans of crossed circulation 1 In these experiments two types of crossed

were established by the or the 1c
‘em of 2 donor dog to the femoral vein of a recipient dog With dogs con
Nected 1n this way the d of growth h toa

donor dog was followed by an immediate nise of blood sugar level in both
donoe and recipient dogs when the cross circulation was of the pancreatic
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msulin secretron of the pancreatic islets by means of the wsolated perfused
pancreas of normal fasted rats ¢ Using for the detection of msulin actraty
in blood the fall mn blood sugar level of adrenodemedullated allotan
diabetic hypophysectomised rats (AADH rats) these authors observed thit
the addition of growth hormone to blood perfusing the 1solated pancreas m
vitro suppressed the secretion of msulin which, otherwise occurred when
the perfusing blood glucose level was high When the glucose level of the
perfusig blood was low (withmn Limits of normal fasting blood glucose
level) no secretion of wmsulin could be demonstrated with or without the
addition of growth hormone to the perfusing blood Since growth hormone
itself did not mfluence the detection of nsulin by the blood sugar response
of AADH rats Anderson and Long concluded that the deect action of
growth hormone upon the pancreatic islets was to suppress the secretion of
msulin which otherwise occurred in response to hyperglycacmia and that
excessive insulin secretion was unlikely to accompany a diabetogenic actiod
of the antenior pitwitary The validity of such an inference 1s made doubtful
by more recent work which suggests that glucagon may be released from
the pancreatic islets under the influence of growth hormone 1 As Youn®
has suggested ! the release of glucagon nto the blood under the mfluence
of growth hormone might well prevent the detection of msulin by 2 method
based on the fall in blood sugar level of AADH rats

Moreover recent studies of the action of growth hormone adminustered
m vio upon the glucose uptake of the i1solated rat draphragm i vitro
have shown that the mitial action of growth hormone 15 to sumulate the gle
cose uptake of the isolated rat diaphragm and that the diabetogenic actiod
of growth hormone (which meludes a depression of glucose uptahe by the
1solated diaphragm of the rat) 1s not manifested until several hours after the
mjection of growth hormone ! It has been suggested further that dunng
this latent period growth hormone 1s transformed i 110 to another mole
cule with diabetogenic properties's (see also 16) and that this transformd
tion 1s dependent upon adrenocortical secretion t 171812 The apparent sup:
pression of nsulin secretion by growth hormone observed by Anderson and
Long may therefore have been the consequence of an insulin like action
of growth hormone upon the pancreatic islets The action of the postulatcd
transformation product of growth hormone upon msulin secretion by the
pancreatic islets may be entirely different and the possible importance of
the adrenal cortex n this must be r d

Influence of Growth Hormone on Insulin and Glucagon Activify
of Blood from Living Ammals
Studes with the ADHA Rat Assay for Blood Insulin Bornstemn Red
and Young® used the blood sugar response of alloxan-diabetic h)pOP‘;)n
scctomssed  adrenalectomised rats (ADHA rats)* to study the ‘"su:n
actinaty of plood from saline or growth hormone tnjected cats and fro
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ADHA rats When a growth hormone solution was admimstered to reciprent
ADHA rats no change mn blood sugar level occurred within 30 minutes
When however growth hormone was administered to donor ADHA rats
and portal vemn blood from these ammals snjected into recipient ADHA
rats a transient but significant nise of blood sugar level occurred 1n the re
apient ADHA rats within 30 minutes of the injection thts change of blood
sugar level was accompanied by depletion of liver glycogen Stmularly when
portal (pancreatico duodenal) vemn blood from many growth hormone
diabetic or prediabetic cats was injected nto recipient ADHA rats a sig
mificant hyperglycaemia occurred in these amimals By contrast femoral
vem blood from the same growth hormone njected cats exerted no hyper
glycaemic influence when mjected into recipient ADHA rats and indeed
mn some mstances a marked but not sigmficant fall of blood sugar level
occurred No change in the blood sugar level of recipient ADHA rats fol
lowed the snjection of portal or femoral vei blood from saline mjected cats
or ADHA rats

Bornstein Rerd and Young concluded from these expeniments that the
admimistration of growth hormone to cats and ADHA rats resulted 1n the
appearance of a hyperglycaemic factor in the portal blood of these animals
which was capable of promoting breakdown of liser glycogen n ADHA
rats The authors concluded that this factor was in all probability glucagon
though as Young has remarked positive identification of this factor must
await its 1solition from the blood * There was no evidence 1n these expert
ments thit growth hormone nfluenced the rate of msulin secretion by the
pancreatic sslets of the cat though the presence of a hyperglycaemic factor
n many of the plasma samples might well have prevented the detection of
nsulin by the blood sugar response of ADHA rats

The possibility that glucagon may be released from the pancreatic islets
under the influence of growth h m ly 1s d by re
ports that plasma from diabetic acromegalic patients 1s hyperglycaemic 1n
the ADHA rat ® ' In these experments arm vein blood plasma from dia
betic acromegalic patients was found to be hyperglycaemic in the ADHA
Tat whereas Bornsten Rerd and Young found only the portal vein blood of
growth hormone injected cats and ADHA rats to be hyperglycaemic m the
ADHA rat 13

Studies with Cross Circulation Expenments Foa and his assocrates
studied the influence of growth hormone upon the msulin and glucagon
activity of blood from the pancreatic and mesentenic vems of normal dogs
by means of crossed circulation 1 In these experiments two types of crossed
¢ were established b; g the p or the
e of a donor dog to the femoral ven of a recspient dog With dogs con
neeted in this way the intravenous admimistration of growth hormone to a
donor dog was followed by an immediate rise of blood sugar level in both
donor and recipient dogs when the cross circulation was of the pancreatic
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femoral type With the mesenteric femoral type of cross circulation, the
administration of growth hormone to a donor dog was again followed by an
mmmediate nise of blood sugar level in the donor dog but little or no change
of blood sugar level occurred in the recipient dog under these conditions
These results were not modified when growth hormone was admmistered to
the donor dog over 1 period of some days before establishment of the cross
circulation

Foa and his associates concluded from these experiments that grouth
hormone promoted the release of a hyperglvcaemc factor from the pancreas
of the donar dog and that this was probably glucagon There was no evi
dence in these experiments that growth hormone exerted any 1nfluence upon
the rate of nsulin secretion by the pancreatic slets of the donor dog al
though Foa and his assoctates had previously reported that msulin secreted
by the pancreatic 1slets of the donor dog 1n response to mtrasenous glucose
could be detected n this way  This type of experiment does not exclude a
possible mfluence of growth hormone upon insulin secretion by the pan
creatic 1slets of the dog since the release of a hyperglycaemic factor by the
pancreas of the donor dog under the influence of growth hormone mght
well prevent the detection of nsulin by a method based on the blood sugar
response of the recipient dog

Studies with the Rat Diaphragm Assay for Insulin mn Blood Plasma

Thus estimations of msulin actwity 1n blood by methods of insulin assay
based on the blood sugar response of AADH or ADHA rats or of intact
dogs have provided no defimite evidence for an mfluence of growth hormone
upon the secretion of mnsulin by the pancreanc sslets The detection of m
sulin m blood by such methods might well be prevented by glucagon Ilberx
ated from the pancreatic slets under the influence of growth hormone‘
Gl 15 capable of 1 the hypoglycaemic action of mmsulin ?
and may invalidate, under certam conditions msuhn assays based on the
hypoglycaemic action of mnsulm 3

Groen and his associates?® reported that the glucose uptake of the 150
lated rat diaphragm could be used to detect and esimate nsulin 1n blood
plasma Young? suggested that this technique might be used to detect nsulin
1n blood plasma i the presence of glucagon since glucagon does not oppose
the action of nsulin upon the glucose uptake of the solated rat dua
phragm 37 The msuln activity of blood from growth hormone mlems
cats and rats and of blood from patients suffenng from acromegaly an
hypopitumtanism has been re investigated by a method of msulm assay based
upon the m vitro glucose uptake of the 1solated rat diaphragm *
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Methods and Procedure

Assay of Plasma Insulin Actouy by the Isolated Rat Diaphragm

The glucose uptake of the isolated diaphragm of the normal rat 1s sig
wficantly mereased by the addibon of 1nsulin to the flud 1 which the
diaphragm 15 suspended 3° The rel hip between the concentration of
msultn added 11 v1tr0 to the incubation medwm and the glucose uptake of
the 1solated diaphragm has been explored and the results analysed statist
cally The expenimental procedure which has been nigorously standardised
has been desenibed fully clsewhere !

Table 1

THE EFFECT OF VARIOUS CONCENTRATIONS OF {NSULIN ADDED Int | itro
LPON THE GLUCOSE UPTAKE OF THE ISOLATED RAT DIAPHRAGM

Absolute ¥(Absolute Glucose Uptake x 100}
Insulin Glucose Uptake
Concentranon | '8 glucose/g Calculated Number
Mcrounys/ml of wet Observed from Linear of Hemt
(=10 9 yny) | aphragmihr Regression diaphragms
Mtan = S E
of Mean
0 2324005 — — 16
125 296 +009 6665 6679 16
500 355008 7081 7090 16
2000 425 006 7518 7505 16
8000 503 + 009 7952 7910 16
37000 573010 81307 8321 16

ARl glucuse uptakes with 1nsulin were significantly greater than the basal glucose

‘:f:;g‘ Each change of msulin concentration resulted m a significant merement 1n
n e

The relationshup between wosuhia concentration m the mcubation medwm
and the glucose uptake of the 1solated rat diaphragm 1s iflustrated by the
results of typical experiments recorded m Table 1 and Figure 1 Over the
range of msulin ion 0 125-32 msulin/m] there was a
lincar selation between v}/ (glucose uptake by the diaphragm) and log con
centration of msulin added tn vitro to the mcubation medwm The results
of four d of slope dard d and ndex of preciston
atdifferent times are given i Table 2

A single standard method was used to assay plasma msulin activity 12
In typical assays four hemdiaphragms were used to determine the basal
glucose uptake (glucose uptake 1n the presence of buffer only) and five or
six hemdiaphragms to determine the glucose uptake in the presence of
Plasma (25% plasma buffer} and of a standard dose of insulin (2 or 4
millunnts/ml ) The sigmficance of 1ny increase 1n the glucose uptake of
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780

760

680

[

5

66 L
2 3 4
LOG INSULIN CONC  MICROUNITS /ML
Fi6 1 The glucose uptake of the 1solated rat diaphragm m the presence of
different concentrations of msulin added 1 vitro expressed as a log dose (of
msulin) response curve Data derived in September 1953 and recorded 18
Table 1 (cf see Table 2)

the 1solated diaphragm resulting from the presence of msult or plasma 1
the mncubation medium was established by the 1 test® * (for P = 005) the
insulin activity of the plasma was then calculated from a log dose (of 1n
sulin) response curve previously determmed the standard dose of nsuln
mcorporated 1n the assay being used to fix the position of the log dose r¢
sponse curve In this calculation the slope of the log dose response curve
was assumed to be constant the constancy of slope 1s illustrated by the data
in Table 2 The Limts of error (P = 0 05) for each estimate of plasma
suln activity were derived from p ly determined reg data for
crystallime nsulin since the vanance in different assays has not differed s18
nificantly The mnsulin actwity of the plasma was calculated as allunits
nsulin/ml of plasma (1 millunit = 10-* umt)
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Tahle 2

SLOPE OF 10G DOSE RESPONSE CLRVE AND INDEX OF PRECISION FOR RAT
DIAPHRAGM ASSAY FOR INSULLIN

Slope (k) = Standard Deviation | Indes of |No of | Total Number
Date SE of Sl a‘; about Regression | Precision | Dose of Hemt
Line(s) }=sb |Levels | dwphragms
Sept 1953106925 = 0033 028 036 s 80
Jan 1954]| 07760 = 0095 0279 036 3 36
Apnit 19541 07345 = 0056 0259 035 4 48
Sept 1954| 08281 = 0091 032 038 4 36

The adequacy of this techmique has been checked by carrymg out repl
cate assays at different imes on many samples of plasma Representative
results of many such assays are given in Table 3 These results suggest that
plasma insulin activity may be assayed confidently as msulin under these
conditions

Table 3

REPLICATE ASSAYS OF PLASMA INSULIN ACTIVITY BY THE ISOLATED
RAT DIAPHRAGA

Celcalated Plasma Insuhn Limits of
Nature of Plasma Activity Mellrnies insubin mi Ervorfor | N

of plasma P=005
Acromegalic 61 24-162 10
(freeze dried plasma) a5 18-144 | 10
24 962 10
Acromegalic 110 42-284 10
{frozen plasma) 163 63-421 10
Normal Child ) 8-57 12
(free dried plasma) 14 6-36 H
Hypopituitanism 077 0226 10
(plasma stored at 2 C) 100 0429 10

N is total number of hemidiaphragms used to determune mean glucose uptake 1 the
presence of msubin and of plasma

Growth Hormone Growth Hormone was prepared from ox pituitary by
2 modification of the method of Wilhelmi Fishman and Russell 3* Each
bateh of growth hormone 1s designated by a precedng number (e g 47GH
48GH) and the three fractions prepared in each batch by a following num
ber (eg 47GH1 47GH2 47GH3) The growth hormone was dissolved 1n
1 per cent saline g 1 10000 late as preservative and the
solutions stored at about 2° C

Expenimental Ammals rats Female albmo Wistar rats of 150-200 4
“ere used as plasma donors The ammals were fed unlimited amounts of rat
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cake? and water, and growth hormone or saltne admnstered by mtrapen
toneal mjection Blood was collected from the mferior vena cava under
Evipan® 1naesthesia (10 mg /100 g by intrapenitoneal njection) recened
mto a syninge containing a litle heparin and the plasma separated mme
diately by centnfugation The ammals were taken from food and the Jast
mnjection of saline or growth hormone admimstered 80 mmutes before the
collection of blood

Hypophysectomised rats were prepared by the usual technique and fed
the same diet as normal rats Compl of hypopl was estab-
Iished by the farlure of the ammmals to gamn weight and by post mortem ex
amunation of the pituitary fossa

Alloxan diabetic rats were prepared by the intravenous admunstration of
a freshly prepared solution of anhydrous alloxan (dose—S50 mg /kg )

cATs Healthy adult male or castrate cats were used as plasma donors
The ammals were fed an unlmited amount of a meat diets® and water, aod
growth hormone or saline admimstered by subcutaneous mjection 1mto the
neck Supplementary feeds of mulk and fish were given to anmals showing
anorexia during growth hormone treatment Blood was collected from the
exposed femoral vein under Evipan® anaesthesia (50-80 mg /kg by imtr2
penitoneal injection) recerved mto a syringe contamng a hitle hepanr and
the plasma separated by centrifugation The animals were taken from food
two hours before blood was collected and the last mjection of growth hor
mone or saline given 80 minutes before blood was collected (except 10 W0
experiments where the interval was 24 hours) Certain cats were used 25
plasma donors on more than one occasion and m such cases an ntert al of
at least two weeks rest was allowed between the two experiments

Normal cats are defined as ammals not previously mjected with grosth
hormone who had a plasma sugar of less than 150 mg /100 m! (1€ 2
blood sugar level of about 100 mg /100 ml ) at the time of blood collection
Growth hormone diabetic cats are defined as ammals who developed B3
cosuna 1n Tesponse to growth hormone injection which ceased after the
njections were discontinued and who had a plasma sugar greater than
150 mg /100 m! at the time of blood collection Growth hormone pré
dibetic cats are defined as ammals who had received a number of darly
growth hormone mjections and who had a plasma sugar of less than 150
mg /100 m] at the time of blood collection

Pancreatectomy was cartied out under combined Evipan® and ether
anaesthesta Postoperatively the animals were given penicillnt for six days
and fed a meat diet® with supplements of fish and raw pancreas The di2
betes was controlled by daily injections of soluble msulin at 1000 A M and
600 p M The animals were not used as plasma donors for at Jeast ten days
after operation by which time the drabetes was controlled by 2 constmlxl
daly amount of msulin Growth hormone was admnistered and blood C(O
lected as for normal cats the last injection of insuln being given 80 minules
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before the colk of blood Comp of p y was estab
Iished at post mortem by naked eye examination of the operanen area

Results

The ansulm actwvity of plasma from saline myected normal rats under
these conditions was equnalent to 11 mulliunits insuhn/mt of plasma
(hanuts of error 7-19 mithunits/mi ) The injection of growth hormone in
amounts sufficient to produce sigmificant extra growih resulted m no change
w plasma msubin activty (mean plasma msulia actisty equivalent to 13
mithumts msutm/ml plasma fuots of ercor 8-21 milwnits/ml } The wdk
vidval results and detads of growth hormone treatment are recorded n
Frguze 2

Hotmot Tets Haormal raty
Satine MNected Gerowsh bormone injected

Bateh mimber Growin hormone HOGH AEGHI AAGH 45GH2 A6GH2
Totl boat A Growthhormonefed= = = =~ ~ | 2 42 42 B 9
bjection pariod dons 24141818 2 W ¥ B @
Waigt cange  grom NS +1292046] 42 420 ¥29 4% +T3

sy

Insutin actyity n miliv it per ! phsos
"
o

Fio 2 The wmswhn activity of plasma from sahne mected and growth bor
’;%e mjeeted pormal sats estumated by the glucose uptake of the solated rat
c‘:Phragm Each dot tepresents the observed plasma wsula acuvity and the
H Mmnes of the vertical fines the muts of error for P =005 The horuzontal
s " Tepresent the mean plasma tnsubin actwety for each group of anumals and

" Lewts of exvor for P == 0 08
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Hypophysectomy consistently resulted m a marked and sigmficant re
duction of plasma insulin activity and 10 the majonty of hypophysectomised
rats no msulin activity could be detected 1n the plasma (Figs 3 and 4)
The njection of growth hormone mto hypophysectomssed rats was followed
1n some instances by restoration of plasma msulin activity to normal levels
provided the growth hormone njections were begun immediately after
operation and blood was collected within 4 or 5 days of hypophysectomy
With Jonger periods of imjection or m expermments i which ammals were
kept for 7 to 10 days after hypophysectomy before the ijections of growth
hormone were begun growth hormone failed to exert any significant mfl
ence upon the plasma msulin activity even though significant grosth
occurred under these conditions The indwidual results and detals of
growth hormone treatment are given 1 Figure 4

The insulin activity of plasma from saline injected normal cals was
equivalent to 4 4 millunits msulin/m! plasma (hmts of error 3 4-57 mill
units/ml ) The msulin actvaty of plasma from growth hormone mjected
prediabetic or diabetic cats was significantly greater than the insultn actvity

Normal rots Adrenclectomised Hypophysectom sed  Allovon diobetic Tets
ats rats
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Fig 3 Thensulin actvity of plasma from normal alloxan daabetie adrena[L

d and hypop d rats by the glucose uptake of 1hfc xsm

lated rat diaphragm Figures with each estimate of plasma msulin activity refer
qumber of days after adr hypoph y or alloxan
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Fio 4 The nsulin activity of plasma from saline and growth hormone
mjected hypophysectomssed Tats estimated by the ghucose uptake of the 1solated
at dizpheagm

of plasma from sahne mjected normat cats the range of values betng from
! 6 milkunus/ml to 164 mulhunits ml (mean = 49 mithunts mt ) The
sdwvidual results and detads of growth hormione treatment are recorded m
Figure § In two expeniments blood was collected from saline injected
normal cats before and five mnutes after the intravenous admunstranon of
25 mg of growth hormone Under these condstions growth hormone ad
minssteation resulted m no change m plasma msubin actvity (Fig S)

The msulin activity of plasma from depancreaused cats treated with 1n
sulin was equivalent to 74 malhumts msulin/ml plasma (hmns of error
5598 malliumts/ml ) This ss not significantly different from the msubm
activity of plasma from sahme injected normal cats When growth hormone
was adminystered {9 depancreatised cats TeceIving & coustant amount of 1n
suln no change m the syl actvity of the plasma occurred though the
admy v of sumilar of growth to mtact cats was
consistently followed by a sigmficant wncrease 1 plasma msulm acttvity

8 however growth hormone was admmntstered to msulm mected de
Pancreatised euts and the dose of msulin increased during the perrod of
growth by d 2 very derable and hughly significant
nerease wn plasma msulin activity occurred (Fig 6)
© msalin activity of plasma from normal people was equivalent to 11 §
it nsulin/m! (imuts of error 8 3-15 8 meiiremts/mt Y The msulin

maly
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m;;a € The nsulin astvity of plasma from depancreatised cats myected with
e lﬂ,and with 1suhn + growth hormone estimated by the glucose uptake of

fsofated rat diaph, 14 ar expl; of parred of plasma msnbn
achvity sep legend of Table 5

Tnsuhn dose Tefers ta dose on day before blood callected

:;;:‘g of plasma from many cases of acromegaly was sigm ficamtly greater
mega € insulin activity of plasma from normal people those cases of acro
gmuniw:lh normal plasma snsulin activity were considered on chmcal
vated ]aﬂ be mactive Three diabetic acromegalic patients showed ele
qulrmngSm]a snsuhn activity two of these cases had nuld diabetes not re
Was met subn treatment and the third case which was severely diabetic
mm‘gmfomrolled By BO umits of lente insulin each day at the time of the
Showed mﬂn E;l"v\o cases of piturtary gigantism were also studied and both
sohn acmm erably elevated plasma insulm actinty By contrast the in
cantly ges "Yh"f Plasma from severat cases of hypopitutatism was stgnifi
g S than the msufin activity of plasma from normat people The
3l results are recarded Figure 7
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ACROMEGALY  |GIGANTISM NORMAL  [HYPOPITUITARISM
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Fi¢ 7 The msulin actvity of plasma from normal people acromegalic pa
tients and hypopituttary patients estimated by the glicose uptake of the xsolmdi
rat diaphragm Each estimate of plasma nsulin activity refers to an ndwidual
pattent O This plasma sample was without demonstrable msulin activity

One case of acromegaly showed a marked reduction of plasma msulin
activity following piturtary trradiation (plasma insulin activity before iradt
ation 60 milluntts/m!  plasma msulin actvity three months after pituitary
srradiation 5 millwmits/ml ) A similar reduction of plasma msulin activily
followed pitwitary wrradsation m a piturtary grant (plasma msultn actty
before prtuitary trradiation 244 mullrumts/ml  plasma smsulin activity three
months after pitwstary irradiation 18 mulliumts/ml )

The enhanced msulin activity of lic plasma 1s emphasized by
expeniments 1N which the influence of acromegalic and normal humnr:
plasma upon the glucose uptake and glycogen synthesis of the lsolafeg ral
diaph were studied 1 ly A lic plasma p: Sl!s't
uficantly greater glucose utihsation and glycogen synthesis by solated ra
hemt diaphragms than did normal human plasma (Table 4)
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Interpretation of Results

Speaficity of the Rat Diaphragm Assay for Insulin Activity m Plasma
These results confirm earlier reports that the glucose uptake of the isolated
rat draphragm may be used to detect insulin activity 1n plasma 10111 174
‘The extent to wiuch such msulin activity may be attnibuted to msubn m the
plasma 1s by no means certain Normal human plasma, like imsuln 1
creases both the glucose uptake and the glycogen synthesis of the ssolated
rat diaphragm (Table 4)1036 and this action of plasma like that of insuln
1s abolished by treatment with cystemne 20111 The plasma of allovan dis
betic rats (Figure 3) '7133¢ depancreatised dogs®® and severely drabete
patients'® 7 possesses considerably less msulin activity than plasma from
normal ammals of the same species such observations would appear 0
support the view that the msulin like action of plasma upon the glucose
uptake of rat diaphragm can be attributed to msulin in the plasma %
However Park and Bornstem have solated from the plasma of allotan
diabetic rats an endocnine factor which inhibits the glucose uptake of the
1solated, rat diaphragm and have attibuted the dimmshed mnsulin actvity

o
Normal rat Alloxan dlabetic rots Altoxan  digbétic n:lmPﬂl"’“
satine Injected Fresh plasma repeatedly trozen
40
as
led Its
25
598
20 57|80 e ___1‘0—15?—__—‘
15 o] [to0
190
10 165
s
s98  S1g_ 190 165
440" 376 2% §

Fic 8 The influence of repeated freczing and thawing upon the tsulin acth
sty of plasma from alloxan diabetic rats esttmated by the glucose ptake of the
wolated rat diaphragm Figures refer to plasma sugars m mg /100 ml T“,o
figures together (Jast panel} indicate that the assay was carried out on 2 sampte
derrved by mrung 1n equal proportion two plasma samples With thesc sueat
contents Plasma was alternately frozen and thawed tn solid CO /acetonc mix¥
ture and water at 37 C
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of atioxan dishetic rat plasma to the presence of this mhibitor and not to a
feduced insulin content of the plasma 71910 Borpsien refaung the mhibs
tory action of the plasma to the f: hipoprotemn fraction teported that this
activity of plasma was 1bolished by repeated freezing and thawing % Some
evidence m support of these observations of Puk and Bornstein has been
obtamed sn experiments in which the insuhn activity of fresh alloxan dia
bete rat plasma was compared with the mnsulin activity of the same plasma
subjected to repeated freezing and thvwing In confitmation of earlier re
ports by ather worhers 1715 3¢ fresh plasma from alloxan &rbeng rats pos
sessed consderably Jess mnsulin acvity than plasma from normal sts
(Fig 8) After Tepeated freczing and thawing the same plasma samples
possessed sigmficantly greater isulin actvity which was less than but not
sigsficantly different Irom that of normal rat ptasma (Fig 8) These ex
penments support the chum of Park and Bosnstein that the dimmushed
wselim hke actuon of plasma from alloxan diabetic rats upon the glucose
uptake of at diaphragm must result at feast n part from the presence of
anwhibitor i the plasma which 15 nactivated by freezing and thawing and
not merely from the diamished msulin content of aloxan diabeuc rat
plasma Iy may well be that the dumushed nsulin like action of plasma
from depancreatised dogs and severely diabetic patients upon the glucose
Yplake of the ssolated rat diphragm sesults at feast i part from the
Presence of an mhibiter 1 the plasma and not merely feom its reduced
nsubm conteng
Park and Bornstesn concluded from their observatsons!” 12 that the m
sl ke action of nommal rat plasma upon te gucose uptake of the sso-
lated rat daphragm was due to 2 non specsfic effect of plasma proten It
has not been possible to confirm tus contention since (a) plasma from
many cases of hyman hypop was fess effecuve than
formal human plasma w sumulating the gluconse uptake of the solated rat
d’aphﬁgm (Fig 7 and (b) the plasma of hypophysectomised and alloxan
diabeye hypoph d adrenal 3 rats (ADHA 1215°%) has no
mituence upon the glucose uptake of the solated rat daphragm An in
hibstor of the type desenbed by Park and Bormstein cannot be tesponsible
for the unished insulin activity of plasma from hypopituntary patients and
hYPOPh)sectommd and ADHA rats since the presence of this inhibstor i
the plasma 1g dependent upon both piturtary and adrenal secretions 1
The insulin hke action of plasma from normal anumats upon the glucose
Uptake of the rolated rat diaphisagm would appear to depend upon the
Presence of at leact theee endocrine factors i the plasma
(@) Insulin since the msubin activity of normal human plasma 1 com
vletely and y abolnhed by with eysteine and m
suliny 1 the only stbstance inacuvated by ¢ystene vhich i knowg to
be capabte of stimolating the plucove uptake of the solated normal rat
diaphragm
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(b) Growth hormone or some factor whose presence 1s condittoned by
growth hormone smce the insulin activity of plasma from acutely hy
pophysectomised rats can be restored to normal levels by treatment
with growth hormone (Fig 4)

Some pitwitary or pituntary controlled factor other than growth hor
mone since the msulin activity of plasma from the chronic hypophy
sectomised rat 1s not restored to normal levels by treatment with
growth hormone (Fig 4)

The extent to which each of these factors contributes to the insulin ac
tvity of plasma from normal ammals and the nature of the umidentified
prtuitary or ptuttary controlled factor have yet to be determned

The Insulin Activity of Plasma in Relation to Growth Hormone The en
hanced 1nsulin activity of plasma from growth hormone injected infact cats
and from acromegalic patients mught result from (a) any msulin Iike action
of the extra growth hormone 1 the plasma®® (but see also 1*) or (b) anm
sulin like action of some other factor posstbly nsulin itself secreted 1m
response to growth hormone Extra growth hormone 1s uniikely by sself
to be responsible for the enhanced msulin activity of the plasma sice
(a) growth hormone has no significant effect upon the glucose uptake of
the 1solated normal rat diaphragm under these conditions (Table 5 see

{c

~

Table 5

THE INFLUENCE OF PITUITARY GROWTH HORMONE AGDED 17t | ifro UPON THE
GLUCOSE UPTAKE OF THE ISOLATED RAT DIAPHRAGM INCUBATED IN BUFFER

Glucose Unhzation

Concentration of Growth mg glucose/g of wet N“m[”' rof Comment
hianh

Hormone Added in
viere pg mit

our
Mean + SE of Mean

None 225014 8
ot 246024 8 No sigruficant
1 224+021 8 difference bc‘
10 227£022 8 tween any of
50 234+025 8 these means
100 258£024 8

also 1) (b) growth hormone does not enhance the insulin activity of nof
mal human plasma when added to the plasma 1 vitro (Table 6) and (c) 2
single intravenous injection of growth hormone has no influence upon '::
nsulin activity of plasma collected from normal cats five mmnutes after lth
injection (Fig 5) The ephanced insulin actvity of plasma from gm\\d

hormone njected ntact cats and from acromegalic patrents must depen "
therefore upon a change m the plasma level of some factor whose prcs:nlr”
1s conditioned by growth hormone The possibility that this factor 1s ’:”;;e
1s strongly suggested by the failure of growth hormone injection to cr(l ﬂun

the msulin activity of plasma from msulin treated depancreatised cats



v LoFuz oF
9 €HoF9ay ¥
9 1IZ0F s, THOIS 10 €
9 NOF Y uoN
eI asagy 9 HOF g oof
0 fuv uzawy ] S10F 6L e o
R PoudIPIp 9 S10F 4T ¢ 1HO0S 1o 4
WEUBS oN 9 S1eF4rg SuoN
9 SIOF ¢ 001
9 EZoF e 0
9 L10F20¢ THO8H 10 1
9 LEOFgrg suoN
DI o 3¢ W upagy awouiopy uif 8% oaip “aqunpy didug
Sudnuiun2 yinosn fo W poppy suouioy ey

ot fo oy

Y p
24 fo 8/3500m8 s
2ymidyy asaimgs

aguanpg g

Y1m029 Ja uounauasuo

uvwny jawion

YISV NYIDH TYNUON O

NOVEHAVIO SVH GILYIOSE L 4O INYL4A FSODAIO SML NOIA
AOUDY THY NITISNE T, NOID 011,411 QIQAV ANGMUOH HLMOND ANVINILIL 40 AINIATING

9 4491

431



430 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

(b) Growth hormone or some factor whose presence 1s conditioned by
growth hormone smce the insulin activity of plasma from acutely hy
pophysectomused rats can be restored to normal levels by treatment
with growth hormone (Fig 4)

Some pituttary or pitmtary controlled factor other than growth hor
mone since the msulin activity of plasma from the chromc hypophy
sectomused rat 1s not restored to normal levels by treatment with
growth hormone (Fig 4)

The extent to which each of these factors contributes to the insulin ac
tivity of plasma from normal ammals and the nature of the unidentified
pituitary or pitwitary controlled factor have yet to be determned

The Insulin Activity of Plasma 1 Relation to Growth Hormone The en
hanced msulin activity of plasma from growth hormone injected mntact cats
and from acromegalic patients might result from (a) any tnsulin like action
of the extra growth hormone n the plasma® (but see also 1*) or (b) an
suln like action of some other factor possibly msuln stsell secreted
response to growth hormone Extra growth hormone s unlikely by tself
to be responsible for the enhanced insulin actvity of the plasma since
(a) growth hormone has no significant effect upon the glucose uptake of
the ssolated normal rat diaphragm under these conditions (Table 5 see

(c

~

Table 5

THE INFLUENCE OF PITUITARY GROWTH HORMONE ADDED 11 b jfro UPON THE
GLUCOSE UPTAKE OF THE ISOLATED RAT DIAPHRAGM INCUBATED IN BUFFER

Concentration of Growh 'f”’c;’;:oz;’" anon Numberof .
Hormone Added n 8 & L Comme
w0 g ml Mean = SE of Mean
—
None 225+014 8
01 246024 8 No sigmificant
1 224021 8 difference b¢
10 227022 8 tween any of
30 234025 8 these means
100 258024 8

also %) (b} growth hormone does not enhance the msulm actwty of nor
mal human plasma when added to the plasma i vitro (Table 6) and (C)ha
single intravenous ingection of growth hormone has no influence upon ‘h‘
msulin actrvity of plasma collected from normal cats five ninutes after U ;
injection (Fig 5) The enhanced msulin activity of plasma from gm\ﬂd
hormone injected mtact cats and from acromegalic patients must dcpc"ct
therefore upon a change 1n the plasma level of some factor whose prcstn’"
1s conditioned by growth hormone The possibility that this factor 15 lhﬂ-ﬂ;ée
1s strongly suggested by the failure of growth hormone mjection to enl aun
the insulin activity of plasma from imnsulin treated depancreatised cats



CELLULAR 5YSTEMS 433

growth hormone may be transformed i1 vs0 to another form capable of
mhubiting the glucose utihsation of muscle since 1t has yet to be conclusively
demonstrated that growth hormone, itself is capable of such an action!
(and also Tables 5 6 and 7) Ewvidence 1n support of this hypothesis has
recently been obtained by Park and Bornstemn!?1°1® who have separated
from the plasma of alloxan diabetic hypophysectomised rats (ADH rats)
mjected with growth hormone and cortisone a lipoprotein factor capable of
mhibiting the glucose uptake of the 1solated normal rat diaphragm tn vitro
This hpoprotein inhibitor was not found 1n the plasma of ADH rats mjected
with either growth hormone or cortisone alone and its action could not be
reproduced 11 141ro by adding growth hormone and cortisone to the flud m
which the ssolated diaphragm was suspended This mhibitor was reported
tobe mactivated by repeated freezing and thawing

The presence of such an mhibitor i the plasma of growth hormone
mjected imtact or depancreatised cats might well diminish the insulin acttvity
of such plasma samples as estimated by the glucose uptake of the isolated
12t draphragm No evid, for the p of such an m the
Plasma of growth hormone mjected 1ntact or depancreatised cats was ob
tained m experiments 1 which the msulin activity of fresh plasma from
these anumals was compared with the msulin activity of the same plasma
samples after repeated freezing and thawing (Figs 5 and 6)

General Discussion

Insultn Secretion in Relation to the Growth and Diabetogemc
Actions of Growth Hormone

Studies of the nitrogen retained by ntact depancreatised and depancre
dised hypophysectomused cats under the mfluence of growth hormone led
Milman de Moor and Lukens to conclude that growth hormone promotes
the seeretion of extra insulin by the pancreatic islets of the intact cat 3%
Gacbler and Robinson obtained evidence for a similar mfluence of crude
g;omh hormone upon the pancreatic islets of the dog3® Estimations of
gasma nsulin actwvity by means of the glucose uptake of the isolated rat
u:gihmlgm support the concept that growth hormone promotes directly or
the 1;? Y an enhanced rate of msulin secretion by the pancreatic islets of
aPpearaCt cat and suggest also that a temporary form of dimbetes may
blood las a consequence of growth hormone mjection at a time when the
mnsonev31 of msulin 15 stull elevated These observations would also be
appearam with the view that the permanent form of diabetes which may
i [0 1ntact cats (and dogs) as a consequence of growth hormone mn
Bslets dals fo be attnibuted to the d msuln of p
of gmwxaﬁed by the increased demands for msuln m the carlier phases
acrom, ormone diabetes 4° Tt 1s possible that permanent drabetes

galy may anse m like fashion as a consequence of the sustamned
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less the dose of insulin 15 increased dunng the period of growth hormone
myection (Fig 6) The amount of extra insulin required to be present m
the plasma from growth hormone mjected mtact cats and from acromegalic
patients to account for the enhanced msulin activity of some of these plasma
samples would have to be as much as 0 1 umt/ml of plasma and 1t seems
unlikely that the pancreatic 1slets could maintamn such a high plasma m
sulin level Growth hormone can enhance however, the action of wsuln
upon the glucose uptake of the solated, normal rat diaphragm when both
hormones are added together i vitro to the suspendng flurd (Table 7) and
the presence of extra imsulin and evtra growth hormone 1 plasma from
growth hormone injected intact cats and from acromegalic patients might
well account for the enhanced msulin activity of these plasma samples The
final proof of such a possibtlity must await the 1solatron of those factors r¢
sponsible for the mnsulin activity of plasma from acromegalic patients and
growth hormone injected 1ntact cats

Table 7

INFLUENCE OF PITUITARY GROWTH HORMONE AND INSULIN ADDED SEPARATELY
AND TOGETHER i1 } #tr0 UPON THE GLUCOSE UPTAKE OF THE
ISOLATED RAT DIAPHRAGM INCUBATED IN BUFFER

S
Glucose Unliation
Incubation Medium e f:,‘;z;‘z B | B ;h/";’;"’:"’ Comment
Mean =+ SE of Mean
S
Buffer 232008 23
tfora
Buffer + growth hormone \erls;xz b
—concentration 0 Ipg /ml 230+005 23 ;:(0001
tfora
Buffer + msulin yalszu;:
—concentration 0 lpg /ml 327010 23 ;:<0 oot
tfor b
Buffer + wsulin + growth vﬂ:;}t
bormone 1 above concentrations] 380+008 23 1?<000f
With this proviso in mund these experiments support the view that growth

hormone can provoke an enhanced rate of msulin secretton by the pan
creatic 1slets of mtact cats and acromegalic pauents but not of the mtaC;
rat But it must be emphasized that still lackmng 1s a direct and unequl\ocbﬂ
demonstration that growth hormone stimulates the secretion of msulin by
the islets through a direct or an mdirect mechanism b and
Intuebetors 1n Plasma in Relation to Growth Hormone Rerd Sml;d e
Young'® and, more recently Park and his associates!s have emphasiz
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The possibihity that glucagon secreted response to growth hormone
may contrsbute to the dibetogente action of growth hormone 15 suggested
by the ability of flucagon to rasse the blood sugar level of intact cats dogs
and rabbuts*? 4449 gnd 1o antagonise the hypoglycaemic sction of wsulin 1n
therabbit > ¢ Such g possibility 15 not excluded by the action of growth
hormone miensifying the glycosuria of depancreatised cats and dogs?9 80
and dey d hypophy d ¢Tus™ sice it seems probable that
tssues other than the pancress contamn glucagon and they may well be
capable of secreting i 3t
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hypersecretion of growth hormone beheved to occur n alf active cases of
this disorder smce plasma from acromegalic patients shows enhanced i
sulm activity when estimated by the glucose uptake of the tsalated rat diz
phragm Proof of such possibilities must awart the estrmation of blood
sulm levels m cats (and dogs) rendered permanently drabetic by treat
ment with growth hormone
The ntact rat unhke the adult cat does not become drabetic when
jected with growth hormone but merely exhibits an accelerated rate of
growth Young®! suggesied that this might be the result of (a) the abity
of the pancreatic islets of the rat to sustamn a greatly accelerated rate of
msulin secretion or (b) different activity or reactwvity of enzymes 10 growing
ammals such that growth hormone can promote growth m the rat without
wncreasing the demands of the tissues for mnsulin Scott and Engel * using
ndirect critenia could find no evidence for an enhanced rate of msulin
secretion by the pancreatic sslets of rats injected with growth hormone
Estimations of blood msultn activity by means of the blood sugar response
of AADH rats® and of plasma insulm activity by means of the glucose
uptake of the solated, rat diaphragm have suggested that growth hormone
does not promote an enhanced rate of nsultn secretion by the pancreatic
1slets of the rat It may well be the unlimited ability to grow m response L0
growth hormone which protects the rat from the diabetogeme actiont of
growth hormone Such a possibihty was envisaged by Engel and his 2ss0-
ciates*3 who observed that growth hormone 1s dizbetogenic 1 adrenocortico
tropmn mmjected  force fed rats smce adrenocorticotropin 15 able to an
the growth | action of growth hormone in the rat ¥t ui
It would be unwise to draw any general conclusions as to the sfiuence
of growth hormone upon msulin secretion from studies of plasma ansalit
activity m three animal species 1n relation to growth hormone butat may
be that growth hormone only promotes an enhanced rate of insulin secre
tion by the pancreatic islets of those ammals 1 which 1t 15 diabetogen'®
Proof of such a possibility must await the estimation of blood msulm Jevel
by more spectfic methods 11 many anmal species and m ammals of the
same species at different ages

Glucagon Secretion n Relation to the Growth and Diabetogenc
Actions of Growth Hormone

The observations of Bornstemn et al ** and those of Foa €t 2
referred to in an earlier section, suggest that growth hormene can provoke
the secretion of glucagon by the pancreatic 1slets of the cat rat and dop
1t has yet to be shown conclusively that glucagon secreted m this way cl;"r
tributes to the growth promoting action of growth hormone in the rat l?e
reports that glucagon like growth hormone 1s capable of mcrcus:jm. l“
width of the tibial eptphysis when admunstered to hypophy sectonsé rats’
could not be confirmed by other workers 4%

1



25

The Influence of Growth Hormone and Other Factors
on the Islets of Langerhans and the Pancreas

R E Hoist
Depariment of Physiology University of Torento

The puuitary gland under some circumstances may exert effects on both

‘nternal and external & parts of the p Four 7
of remosal of the pitustary gland will be indicated namely the effect on the
total mass of the sstets of Langerhans the effect on the pancreas as a whole
the effect on certan pancreatic enzymes and the effect on a pancreas
stmulating hormone of the mtestine secretin In addition the mnfluence of
Erowth hotmone on the resultant changes will be exammed

en the pitutary gland ss the end P unlike

the adrenals thyroid and gonads shows very httle atrophy Removal of
the Pitutary prevents the wskets of Langerhans from growing but the total
mass of the sslets 1s not much reduced The pancreas as a whole however
shonks i size This results 1 a relatse merease m islet tissue so the con
centration of islet tissue 1 the pancreas 15 greatly mcreased These pomts
¢ dlustrated 3n Figure 1 which compares sslet weights esumated by &
shight modification of the method of Hasst and Pugh * 1 hypophysectonuzed
2nd pawed fed intact rats

When cruide saline extracts of bovine antenior pruttary gland are mnjected
o hypophysectomized sats sslet growth 1s agam obtamed This has been
dfmonstmted by Richardson and Young® and others Simtlarly with mec
Yions of highly punified growth hormone preparations there 13 an increase
18 wlet wesght m hypoph d anunals ¢ as nd; m Figure 2
This inCrease 15 proportsonat to the merease m body weight hence the islet
“eight per umt pt body wesght 15 not greatly changed However the increase
W the size of the pancreas as a whole 1s such that the concentration: of 1slet
tssie 1 the pancreas 1s actually reduced by growth hormone admmustration
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m hypophysectomized rats In the ntact animal (Fig 3) growth hormone

d leads to sigy in 1slet weight concentration of
slet issue 1n the pancreas and 1slet weight per umit of body weight Thus we
see that as far as the endoenine pancreas is concerned injections of punified
growth hormone preparations stimulate its growth n hypophysectomized
and intact rats This finding differs somewhat from that reported by
Abrams Baker Ingle and Lt 5 but 1s consonant with much other forma
ton In the hypophysectomized rat the growth stimulating effect on the
slets 15 proportional to the effect on body weight but 1 the ntact rat the

INTACT+ GH
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FIG 3 The effect on 1slet weight of daily subcutaneous tnjections of highly
punfied growth hormone preparations for 21-28 days in 1ntact rats

I—intact controls fed ad Ibitum

IGH—mntact rats injected with growth hormone fed ad hbutum

sslet 1ncrease 15 relatively greater than the increase m body weight This
difference probably results from the more dramauc effect of these growth
hotmone preparations on body growth i hypopt as pared
to mtact ammals Because growth hormone preparations stimulate the 1slets
© uerease 1n amount 1t does not necessarily follow that these matenals
ducctly influence the islets Though a direct effect 1s not excluded the
effect 1s more likely an indirect one Other pituitary preparations also stimu
late 1sfet growth For example adrenocorticotropin when given 1n large
€ough amounts or by continuous intravenous nfusion will cause an m
CTease 1n the total 1slet weight mn intact and 1 hypophysectormized rats A
Similar effect 15 obtamed with cortisone ® ACTH when given by continuous
Mtravenous infusion at the rate of S IU for 7 days in intact rats resulted in
2 very dramatic mcrease 1n 1slet weight an mcrease much greater than that
obtained with the daily subcutaneous mjection of the same amount of
ACTH for longer penod This emphasizes the fact that n addition to
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Fic 1 The effect of hypophysectomy on the islet weight H—hypophyse¢
tomized PFC—paired fed intact controls

HYPOPHYSECTOMY + GH

4 14p H
—
12 =12 H 6
9 GH 5
10 gm . =
S c 13 M
8 wer |58 o nH
o WH C
=z 6 24 §
3] B :%4 Ez
R 2, E

us njections of highly

Fio 2 The effect on sslet weight of dady subcu!zmcol_zs oo hypophy

punfied growth hormone preparations (1 mg daily) for 2
sectomized rats
H—hypophy sectormized
‘HGH—hypophysectomuzed imjected with growth hormone
PFC—ntact controls paired fed with HGH
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While 1t has been demonstrated that there 1s an increase 1n islet mass
followtng the admimstration of highly punfied growth hormone prepara
tons these experments do not ndicate the type of cell imvolved 1n this
increase Certamly n the dog and cat in which growth hormone prepara
tons are diabetogenic there 1s good evidence that the beta cells of the
slets ate profoundly infl d by growth h prep In con
nection wath this work in the rat howeser differenual islet cell counts have
oot been made as yet and the influence on spectfic cell types has not been
detereoined

PANCREAS
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Fig 4 The effect of hypophysectomy and of highly punfied growth hormone
P tpatations on pancreas weights
H‘l‘)POpbysccmrmzed PFC-—parred fed controls
1GH. ~hypophysectornized injected with growth hormone I—1ntact
~intact, injected with growth hormone preparations

nfb‘ Baker showed very beautsfully 1n a previous meeting some mftuences
¢ Pituttary on gastric and salnary glands and he presented as well
rdkion concerning some pituttary effects on the pancreas In the
Ptns buve emphasized as others before us have pomnted out that follow
ol Temoval of the putuitary gland the islet changes are not as dramatr. as
“:, t};ang“ n the pancreas as a whole (Fig 4) Not only 15 the absolute
\nb?d Of the pancreas greatly decreased but also 1t 1 reduced m relation
setq Jweight The of growth h prep 1nto hypophy
com de anmals restores the pancreas to a large extent though n?t
& a{"‘tely The weight of the p to a prof y
€ extent than does the body werght but this difference 1s shight and the
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considening the dose required for a particular response the method of
admimistration 1s of great importance also The admimistration over a period
of time of prolactin of thyroid matenals or of certam gonadal substances
as indicated by Dr Houssay and his associates 7 also will Jead to sslet
hyperplasia and an 1ncrease n islet weight 8 Thus the effect 15 not specific
for growth hormone and some final common medtation 15 probably ndicated
As far as the slets are concerned those factors stimulating secretion also
stimulate growth Since the admimstration of a number of these vaned
substances will lead to an 1slet increase 1 the absence of the pituitary gland
no single pituitary matenal can be considered as the final common mediator
However most of the factors which occasion the 1slet merease also faise
the level of blood sugar or enhance the requirements for insulin The con
tmuous intravenous infusion of glucose has been shown to result m an
inerease m 1slet tissue® and Dr Lukens and his group have observed that
when glucose was mfused locally nto a part of the pancreas the systemic
blood sugar level was reduced and hyperplasta of the islets occurred *
1t 1s concewvable then that the final common mediation may be through 2%
increase 1n the level of sugar in the blood or through a reduction in the Tevel
of insulin 1n the blood or both

Table 1

THE EFFECT ON THE ISLETS OF LANGERHANS OF THE ADMINISTRATION
OF GROWTH HORMONE PREPARATION AND OF GROWTH
HORMONE PLUS GLUCOSE

Mean Mean

Group No Rats Final Body Wt Islet Wt
4 me
Saline 6 242 92
G H 13 261 us
Glucose + G H 6 255 142

One further experiment of nterest 1 relation to the mfluence of growth
hormone on the slets was carned out by Mr Kinash in our Jaboratory
When growth hormone was Iy infused mtr ly for seven
days at the rate of 1 mg growth hormone per rat per day there was an
Increase n the islet weight as compared to saline infused controls (Table n
This increase was rather similar in extent to that obtamed with the con
tinuous infusion of glucose When glucose was mnfused continuously and
given simultaneously to the growth hormone preparation which was

1 d daily by sub the merease 1n 1slet weseht
was greater than with glucose or growth hormone alone This ﬁndmﬂhlz
against the view that growth hormone has an hibitory mfluence 0n [i :
sumulating effect of an elevated blood glucose Jesel on the sslets o

Langerhans
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considered 1n relation to the body weight or in relation to the total nitrogen
of the pancreas The administeation of crude saline anterior pitustary
extract daily for 4 weeks gave some increase in amylase actrvity 1n hypophy
sectomuzed ammals but anjections of growth hormone preparations did not
lead to an increase 1n the total amylolytic activity of the pancreas despite
the fact that they caused the pancreas weight to be increased Indeed be
cause of this increase 1n I werght the of amylolytic
actvity in the pancreas was reduced !

AMYLOLYTIC  ACTIVITY OF PANCREAS

~ 80 80) Nishikawara et al
£10 70
=
x v
60 b bF o
z g ¢
s 50 EF 250
(3]

Lol 0
3 E
£30 =
z ? "
220 " o) H AP
S o o M =14 H

vl ek 20

FiG 6 The effect on the amylolytic activity of the pancreas of hypophysec
tomy and of njections of growth hormone and anterior pitwitary extracts i
bypophysectomized rats

—~hypophysectomized

PEC—paired fed controls

HGH—hypophysectomuzed injected with growth hormone

HAPE_hYPOPh)secmmlzcd mnjected with a crude saline extract of the ante
TOr pitwitary gland

The best effect in the restoration of the pancreatic amylolytic activity
%as obtained by the use of thyroid matenials Miss M Maykut and later
Dr Nishyt rad { that the ad of d d thyrord
by mouth hypophysectomized rats led to a large increase in the amylolytic
a}:"""y of the pancreas restormg it almost to normal'® (Fig 7) When both
thyrond ang anterior pituitary extract were gien together the total amount
l“}f amyloly e activity was not much different from that obtaned with
h Yoid alone byt the increase n the weight of the pancreas was sufficiently
M8 10 grve g reduction 1 the concentration of amylolytic activity * The
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pancreatic weight per umit of body weight 1s not greatly increased In the
ntact ammal the admimstration of growth hormone preparations has httle
effect on the weight of the pancreas and indeed 1f anything causes it to be
shightly reduced Cortisone and adrenocorticotropin when given m suff
ciently large doses also enhance the pancreas weights in hypophysectomized
rats (Fig 5) but not 1n intact rats Thyrord admumistration increases the
pancreas weights in both the hypophysectomized and intact amimals Since
removal of the pituitary causes the pancreas as a whole to be reduced but
has Iittle effect on the slets 1t may be concluded that this procedure leads
to a profound reduction 1n the external secreting part of the pancreas The
admunistration of growth hormone preparations brings this back toward
normal again but does not completely restore 1t

07 o 07 "
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FiG 5 The effect of daily subcutaneous myections of cortisone and of ACT}:
on the weight of the pancreas in hypophysectomized rats The cortison¢ dosnzd
was 5 mg daily for 28 days and the ACTH dosages were 5 mg daily a0
10 mg daily .

H—hypophysectomized PFC~—paired fed controls H CORT—-hypOPh)’“m
tomized 1njected with cortisone H ACTH—hypophysectomized mjected wi
ACTH

Because there was such a large change in the external secreting portion of
the p n hypoph d ammals 1t scemed of some imnterest t0
find what changes might occur 1n the concentration and total amount of
certain of the digestve enzymes of the pancreas Some snformatton con
cerning the amylase activity of the p p d as grams of maltose
1s shown in Figure 6 It will be evident that there 1s a profound reduction
1 amyloly tic actvity as a result of semoval of the pitustary gland Thlsd“:s
first shown by Dr J Barrett in our laboratory and has been confirme hi
Miss M Maghut and Dr Margaret Nishikawara '* This reduction In :ra
total amylolytic activity of the pancreas s associated with a Jower m’:J“"hcn
sion of amylolytic activity and the amylase activity 1s also reduced %
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that removal of the putwitary gland Ied to a reduction in the total amount and
m the concentration of sceretin actvity n the small mntestine (Fig 8) ¥
Crude salne extracts of the antertor pituntary glind and growth hormone
preparations restored to a large extent the secretin levels of the gut
hypophysectomized rats It was found that adrenocorticotropin also re-
stored the secreten Jevels The admumistration of anterior pituitary extract
to mtact amymals occasioned an increase in the secretin levels whereas the
admnsstration of growth hormone preparations to intact rats did not It 1s
interesting 10 this connection that thyrord administration which did restore
the pancreas werghts and amylolytic actiuty of the pancreas to a large
extent had hittle or no influence on the secretin levels of the gut and as you
haveseen growth hormone preparations which restore the secretin levels of
the gut had no snfleence on the amylolytic activity of the pancreas It would
appear then that the changes 1n amylolytic actvity of the pancreas are not
durectly assocrated with changes 1n the secretin levels of the intestine While
1 may be dangerous to argue concermng changes 1 the liberation of a
hormone on the basis of changes n the level of the hormone m a tissue

SECRETIN OF INTESTINE

Dorchester and Haist
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lomF‘G 8 The effect on the secretin activity of the small intestine of hypophysec
1 ng and of mjections of anterior prtuitary extract and growth hormone prepa
Hm};n 1y pophysectomized and intact rats
proPophysectomuzed
“A()\paued fed controls
Hgt‘E‘"hy pophysectomized injected with anterior pitintary extracts
IA\zB:h’WPh} sectonuzed 1njected with growth hormone preparations
IGH. mtact injected with anterior pituitary extracts
~intact injected with growth hormone preparations
ontrols fed ad Iibetun
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THYROID AND APE. IN HYPOPHYSECTOMIZED RATS
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Fic 7 The effect on the amylolytic activity of the pancreas of hypophysec
tomy and of the admimistration of desiccated thyrord by mouth to the hypophy
sectomized rat (Maykut Nishikawara and Haist) The influence of thyrod
admumstration along with daily doses of 1 crude saline extract of the anferior
puuitary gland for 28 days 15 also mdicated (Nishikawara and Haist)

H—hypophysectomized

H 4 T—hypophysectomized plus thyroid

H + T + APE—~hypophysectomized given thyrotd and antersor putwtary
extract

PFC—paired fed controls

ALC—~—ontrols fed ad hbrium

enzyme studzes showed that certamn enzymes of the pancreas are not neces

sanly affected by those factors such as growth hormone which influence
the total amount of pancreatic tissue The growth hormone preparations
mfluenced the weight of the pancreas but did not affect the total amylolytic
activity

The total proteolytic activity of the pancreas was also reduced after
hvpophy sectomy but the changes in concentration were vaniable Changes 1n
the pancreas might concewably be the result of an altered stimulation of

h of the such as secretin or pancreozymn

the by
Wh:n the levels of secretin n the intestine were investigated it was found
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that removal of the pitwitary gland led to a reduction in the total amount and
in the concentration of secretin actvity 1n the small mntestine (Fig 8) ™
Crude saline extracts of the anterior pitustary gland and growth hormone
preparations festored to a large extent the secreun levels of the gut m
hvpophysectomized rats It was found that adrenocorticotropn also re

stored the secretin levels The administration of anterior prtwitary extract
fo mtact antmals oceasioned an increase in the secretin levels whereas the
admmnstration of growth hormone preparations to intact rats did not It 1s
interesting in this connection that thyroid admimistration which did restore
the pancreas weights and amylolytic actity of the pancreas to a large
extent had little or no influence on the secretin levels of the gut and as you
haveseen growth hormone preparations which restore the secretin levels of
the gut had no influence on the amylolyuc activty of the pancreas It would
appear then that the changes in amylolytic activty of the pancreas are not
directly associated with changes 1 the secretin levels of the intestine While
' may be dangerous to argue concerming changes in the lberation of a
hormone on the bass of changes in the level of the hormone in a tissue

SECRETIN OF INTESTINE
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Fig § The effect on the secretn activity of the small intestine of hypophysec
b ™y and of snjections of antesior pituntary extract and growth hormone prepa
<1005 1 hypophysectomized and intact fats

IS —hypophysectomized

FC—paired fed controls

HAPE"h)POPhysectomlzcd injected with anterior prtuttary extracts

¥ —hypophysectomized myected with growth hormone preparations
XAPE~mtac! mjected with anterior piturtary extracts
GH—mtact mjected with growth hormone preparations
C—controls fed ad Lbrrum
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nevertheless it seems probable that the ch mp
actvity do not reflect changes in the stmulatton of the pancreas by
secretin It 15 posstble that there 15 a better relation between pancreas
weights and secretn levels though there are some discrepancies here
also Whether or not pancreozymmn 1s mnvolved 1 this effect 1s not known
as yet There 1s the possibility, too that changes in the pancreas and
i the pancreatic amylolytic actvity result from an altered absorption
of food matenials from the gut The absorption of glucose has been reported
to be reduced by hypoph y's and d by thyrord
tion ' Concervably this might affect the amylase activity of the pancreas
However the prme reason for the pancreatic changes has not been
determmed

Summing up we may say that removal of the pituitary gland in the rat
leads to little change 1n the total amount of 1slet tissue 1n the pancreas but
the pancreas as a whole 1s greatly reduced 1 size In addion hypophy
sectomy 1s followed by a definite decrease 1n the pancreatic amylase actvty
and a diminution n the secrenn actvity of the small intestine Daily injec
uons of highly punfied growth hormone preparations ncrease the nlet
weight pancreas weight and secretin activity of the mtestine but under the
conditions of these expenments not the amylase activity of the pancreas In
the mtact rat similar injections of growth hormone preparations Increase
the 1slet weight but neither the werght of the pancreas as a whole nor the
secretin level of the intestine were altered

A pomt of some interest ansing from these experiments and evident 10
an increasing extent in other work also 1s that the piturtary gland has a pro
found influence not only on the metabolism of certain substances and on
other endocrine structures concerned wath this metabolism but also on
glands of external secretion 1mportant m the digestion and preparation for
absorption of these materials
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DISCUSSION
Growth Hormone and Cellular Systems

Designated Discussion

LEsLIE BENVETT (Unnversity of California School of Medicine) Duning the
last hour we have been privileged to hear two fine papers dealing with one
of the most vexactous and puzzhing questions n the field of anterror prtustary
physioloey This 1s the question 1s to the nature of the control of the struc
ture and function of the islets of Langerhans As pointed out this morning
and in previous sesstons 1t 15 well established that when metahypophyseal
or metasomatotropm diabetes 1s present the islets of Langerhans show
structural abnormalitres the wnsulin content of the pancreas s neghgible and
the ability of the pancreas to secrete mnsulin mto the blood stream may be
markedly impawred if not Jost Growth hormone produces these changes
crude anterior prtuttary extracts presumably because of the growth hormone
content produce the same changes The questions which have been rmsed
by these and other observations may be restated I believe as follows does
growth hormone by some extea pancreati. mechamsm  elevate blood
Blucose and then does the elevated blood glucose per se injure the slets of
angethans and the snsulin secreting mechamsm? Does growth hormone
inhubit msulin secretion directly or does growth hormone mhibit the glucose
stmulated secretion of snsuhin? Does growth hormone sumulate the secre
ton of insuhn directly and thus produce an exhaustron atrophy of the
1lets? Is 1t o be regarded as a troptc hormone for the beta cells? If it 1s a
t opic hormone for the beta cells there 1s no analogy with the other tropsc
armones since one cannot produce an exhaustron atrophy of the adrenal
tortex for instance by the contrnuous admmustration of ACTH Does
govth hormone stimulate the secretton of glucagon? If so how does the
Mcreased glucagon secretion contribute to the development of the metaso
alotropin diabetes? Or how does this sttmulation mjure the islets of
Angerhans?
u::: 1i«ome time in Berkeley we have been miterested m this field of
o, ©h and have made certain observations which I thmk are pertinent to
7S raised by both of the previous speakers Dr Haist pointed out that
f;:“;‘:] hormone given to the hypophysectomized rat produces an merease i
for m:\:(s of the islets Yesterday Professor Houssay commented on the
when growth hormone was gven to the partially depancreatized
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nevertheless 1t seems probable that the ch n pancreatic amylolyt
activity do not reflect changes mn the stimulatton of the pancreas by
secretin It 15 possible that there 1s a better relation between pancreas
weights and secretin levels, though there are some discrepancies here
also Whether or pot pancreozymm 1s mnvolved m ths effect 1s not known
as yet There 1s the possiblity too that changes m the pancress and
n the pancreatic amylolytic actiity result from an altered absorption
of food matenals from the gut The absorption of glucose has been reported
to be reduced by hypophysectomy?> and restored by thyroid admmstra
tion *¢ Concervably this might affect the amylase activity of the pancreas
However the prime reason for the pancreatic changes has not been
determmed

Summng up we may say that removal of the pituitary gland i the rat
leads to Iittle change 1n the total amount of 1slet tissue m the pancreas but
the pancreas as a whole 15 greatly reduced m stze In addition hypophy
sectomy 1s followed by a defintte decrease 1n the pancreatic amylase activty
and a diminution 1n the secrefin activity of the small intestine Daily mjec
tions of highly purified growth hormone preparations mcrease the nkt
weght pancreas werght and secretin activity of the intestme but under the
conditions of these expeniments not the amylase activity of the panicreas In
the intact rat simiar mjections of growth hormone preparations mcrease
the sslet weight but neither the werght of the pancreas as a whole not the
secretm level of the intestine were altered

A pomt of some nterest atising from these experiments and evident to
an increasing extent 1 other work also 1s that the pitwitary gland has a pro-
found mfluence not only on the metabolism of certain substances and on
other endocnne structures concerned with this metabolism but also 0
glands of external secretion mportant in the digestion and preparation for
absorption of these materials
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Haist s comment regarding specific granules or speaific cell types since these
cells are degranulated and do not stain specifically for either alpha or beta
cells When the amimals just mentioned are given growth hormone the
degree of glycosunia as I smd decreases and one sees i some amumals at
least a rather marked ncrease 1n the number of healthy looking 1slet cells
which though large, remaimn degranulated These changes are shown in
Figure 2 T believe we are dealing with the phenomenon mentioned by Pro
fessor Houssay yesterday and Dr Huust a few moments ago

We were greatly pnivileged some years ago when Professor Houssay
visited our laboratory 1n Berkeley at the ume of the Herzstem lecture
1o have him di to us the technique of p: P the
procedure which he had used so successfully 1n his study of the insulin
secreting ability of the pancreas of the dog with metahypophyseal diabetes
In the last few years, we have used this procedure m an effort to study the
acute effects of growth hormone admumistration on the ability of the pancreas
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rat hyperplasia and hypertrophy of the islets resulted and the onset of
drabetes was prevented Now with many growth hormone preparations
and 1n studies over many years we have observed mn diabetic rats only 2
transtent increase i the glycosuria when growth hormone was gien These
studies have been made m ammals with an established glycosuna and 1t 15
mmmatenial whether the rats are diabetic from alloxan or from the effects
of a partial pancreatectomy By the 3rd or 4th day of growth hormone
treatment the glycosuna usually retums to 1ts normal level and may drop
below this level and reman so for as long as we have given the hormone
which 1s a matter of several weeks We likewrse have failed to cure diabetes
After stopping the hormone the glycosuna returns to essentially the control
level When one studies the wslets i the pancreatic remnants of these
ammals one sees certain very mteresting changes In Figure 115 shown an
islet from a pancreatic remnant of a diabetic rat and one sees rather
marked fibrosis and degenerating very large cells I cannot discuss Dt
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age blood sugar values of § aumals wah the transplants The range of
vamauon is shown by the dotted hines Curve 4 s the 2verage of a number of
control ammals with similar neck dissections and they show no fall 1n blood
sugar duning the control expenment If one infuses insuhn wto these
experimentzl animals one can reproduce the blood sugar changes caused by
the normat pancreas only by varying the rate of msulin admmstration In
Frgure 4 cune B1s agan the data from the dogs with the wansplasts The
dontedhime cune 4 15 an average curve for 5 ammals which recened msubm
at varying rates of infusions The nsulin dose ranged from 02 to 08 vant
Per kg pet hour We believe then that this is an approumation of the
rate at which the normal dogs pancreas is secreting wsulm under these
crcemytances

i one niow gives insubm at the rate shown i Figuse 4 and just prior to
this admumsters growth hormone one obfains data as shown m Figure §
These data we beleve demonstrate growth hotmone antagomsm to wsuln
smce the same dose of msubn 2s used previously 18 having a reduced
Bypoglycemuc effect Should we now smplant 2 normal pancress and give

Blood sugor of Poncreatectomized dogs recemng
vonable continuous Insulin mjechon or hawing an
Implonted Pancreas
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to secrete mnsuln I believe these observations are pertinent to the data
which Dr Randle presented namely that growth hormone given to the
cat results apparently n an increase of the blood msulin level In these
expeniments with pancreatic transplants one uses two dogs 1¢ a donor
ammal and a recipient From the donor one dissects the duodenum and the
attached pancreas preserving the pancreaticoduodenal artery and the
pancreaticoduodenal vein These two vessels are then anastomosed by
means of cannulae to the common carotid artery and the external jugular
vemn respectively of the reciprents In all the experrments data from which I
would Iike to show the recipient was a totally depancreatized dog which had
recovered from the operation The dog was mamtamned on msulin to such an
extent that we achieved a standardized degree of mcomplete control with 2
fasting hyperglycemua of about 300 mg per cent If one then transplants 2
normal pancreas into such an anmmal, the blood sugar promptly falls reaches
a normal level between 2% and 3 hours and 15 mamtamed at normal
values for the succeeding 4 hours In Figure 3 curve B represents the aver

Blood sugar of Pancreatectomized dogs after
implantation of a normal Pancreas

BLOOD SUGAR MG/I00CC

T - - Maximum ronge of values
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Blood sugar of Pancreotectomzed dogs with
an wnplanted Poncreas plus GH
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General Discusston

RERBERT SantTy {Mead Johnson Company) I would ftke to make a brief
“omment related 10 Dy Park s paper earher this morming and also bearing
:2 One point mentioned by Dr Haist We have compared the rate of absorp
ha? fo Slucose and fructose m norpral rats and m afloxan diabetsc rats and

& found that the affoxan diabetic rat absorbed both glucose and fructose
much faster than did the normal ammals The relattve sates of glucose and
TUCtose absorption ate the same that 1s sumdar to the rate pomted out by

" Coriwn the 19205 but the absolute rate 15 increased 1n both cases

:h";:mb LAZAROW (Umversity of Minnesota) I would bke to emphasize
I8 comparing the cytological studies of slet tissue with the functional

SeCIeton of wmsuln it 3 impostant to sep the p k
“;:':S the activities of msubin synihesis nsulin storage {presumably as
on randles} and the release of msuln from the cell mto the blood

:h'eam may be separately controlled phenomena We don t expect them all
0 80 together necessanly
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Blood sugar of Pancreotectomized dogs recewing
variable continuous Insulin G H injected as

indicated
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growth hormone there are several possibilities e g 1if the growth hormoné
were 1o mhibit the nsuhin secretion of the normal pancreas then the result
mg blood sugar should be represented by curves which would fall above
the dotted curves of Figure 5 If the growth hormorne were to have no effect
upon 1nsulin secretion but only exerted 1ts ants msulin actron then blo&ll;i
sugar values would be about as shown by the dotted curves of Figure 5
on the other hand the growth hormone were to stimulate msulin secretion
the resulting blood sugars would be represented by a famuly of curves 1n the
region of curve C of Figure 5 he
In Figure 6 are shown the data obtamned from such expertments 1€ ol
normal pancreas was implanted and growth hormone was given The dm(:d
curves represent blood sugar values from dogs 1nto which was transmagm
a normal pancreas and which also recenved growth hormone These ”
fit with the last alternative mentioned above We would like to mtcrplhc
these data as being consistent with an increased m;uhn slehuenon (mmYou
lowing the acute on of grow
:l:l% 52?: ‘;;::lst 1:})ller: lsgno evidence bere which would lend any support 10

the view that glucagon s being produced
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I'would like to ask Dr Randle to say a bit more about the level of msulm
which he has reported n blood The values he guves are about 10 millunits
per ml which are several hundred fold greater than what Bornstem and
Anderson have reported Furthermore 1f you were to take the level in man
which he reports and assume that msulin has a life of say 24 hours 1t would
be necessary to give a man without islet function about 500 units of insulin
a day

P J RANDLE It1s quite true, as the previous speaker said that the msuln
actwvity—and that 1s the term I wish to emphasize—ts some 30 times greater
than the value which Bornstein obtained I will remind the previous speaker
that Hagedorn and associates who extracted insulin from normal human
plasma by means of an acid alcohol procedure and used the Anderson rat
to assay the resultant extract obtamned a value which was 10 times greater
than that reported by Bornstein The pomt I wish to greatly emphasize 15
that what we are reporting 1s msulin actnify What proportion of 1t repre
sents true nsulin 15 not known This undoubtedly 1s true for the other
methods of assay which have been appled to the estimation of msuln m
blood If one turns to some of the acromegalics then the levels expxesscd
as nsulm amount to as much as one half unit of msulin per milliliter This
1s quite ridiculous 1n all probability for the insulin level of plasma In my
presentation I did emphasize that our data are not direct evidence for an
mnfluence of growth hormone upon blood 1nsulin levels 1t 1s indtrect evi
dence We still awat a specific estimate of insulin 1 plasma

M s RABEN There are several pitwitary factors which have an immediate
effect on blood sugar and I should like to show three shdes of data which
Miss Cobb and I have obtamned The oxycel punified fraction which Dr Ast
wood mentioned yesterday as lowenng the blood sugar 1n mice raises the
blood sugar n people In Figure 7 are data from three expenmments 18
pattents with Addrson s disease demonstrating a striking rise 1n blood sugat
which occurred within 10 minutes of the intravenous injection Because the
patients complaned of symptoms very charactenstic of pitressm action
when 20 mg of this preparation was rapidly given intravenously we returned
to the mouse 1n which animal we had found this fraction to produce 2
rapid lowening of blood sugar Now the blood sugar was lowered withimn
one half hour n the mouse but as noted m Figure 8 when 10 minute
samples were taken following any dose larger than 3 micrograms the blood
sugar rose 10 minutes and then subsequently fell The larger the dos¢
the more substantial was the nise and actually the nse dampened or delayed
the fall if the dose was large enough When the matenal was treated ““3
thioglycollate the substance that caused the 10 minute rise in the bloo

sugar seemed to have been destroyed or at least markedly nactivated The
matenal that caused the fall however was not harmed so that m the column
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1am more 1n the mood for letung the audience 1m on my confusion than I
am for trying to explain these observations

F D W LUKENS It has been a great pleasure to listen to a sesston of the
symposim that ends up 1 far greater harmony than was achieved 1n the
previous discussion on the protem molecule I hope this can be contimued

I would Iike to ash Dr Randle whether he has determined the insulin
content of the plasma of normally growing children

P J RANDLE I have tested the plasma of one normally growing child as a
control for one of my patients with puuitary gigantism The level was a luttle
higher than normal but not sigmficantly different from normal I might just
mention 1n passing that I have also examned the plasma from a patent
who developed mild diabetes 1 two e T The dia

betes subsided after the first pregnancy but was evident agamn after 32
weeks of the second pregnancy Durnng the 36th week when the patient
Was not recerving insulin I estimated the 1nsulin activity and 1t was at levels
which T have found 1n acromegaly She subsequently gave birth to a baby
which weighed 9 pounds 7 ounces Four weeks after delivery the diabetes
had disappeared and insulin activity of the plasma was back to normal levels

R E HAST T would like to pomnt out however that if the msulin level 1s a
regulating factor as far as islet function 1s concerned then under stimulation
With growth hormone 1t 15 too much to expect an mncrease of insuln level
n the blood 1t would not follow necessanly
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of Figure 8 under thioglycollate treated oxycell fraction one will note that
we stil obtaned the fall in blood sugar while the nise was essentially g0n¢
In the sectton on the right (Fig 8) one will note that prtressin caused 1n ten
minutes a very sharp nise in blood sugar as described some 30 vears ago
by Geiling I believe As lutle as 0 01 umit of pitressm will cause & signifi

cant 10 minute nse
In our studies with rabbits the patterns have been different as seen m

re 9 Ten umits of pitressin mtravenously resulted in the same type of
bserved n the rat 1€ 2

Fu

blgzd sugar pattern (lowest curve Fig 9) as o b
rapid 10 minutes rise and fall although not very large With 10 mg of t! :
oxycel fraction of pitustary however, the blood sugar rise was maximal &

one half hour and was stll up at one hour When we treated that prch‘
tion with thioglycollate the substance which induced the rise in biood suS:h
was not destroyed and we obsenved the same type of response Grow "
normone gave the same pattern and the supernatant from growth hormond
gave the same pattern Accordingly the matter seems a bit confusing an
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Mammary Growth and Lactahon in Male Rats

W R Lyons R E Johnson RDColeandC H I,
Department of Anatomy and the Hormone Research Labsratory Umversity
of Calforna Berkeley

Since growth of the y gland and 1 are ph which
e pnmanly of not entirely dependent upon hormones the chosce of the
Sex of the experimental amimal 1 which 1o study mammary stimulation by
€xogenons harmones would seem to be of Intle importance 1t 15 well known
from experimental work and chimeal observation that both sexes may exhsbit
complete mammary growth and lactation It would seem quite unhkely that
wboth seves the cellular substrate upon which the hormones act 1s identical
Since there are ynd dly shght fund: Aiff between alf
female cells and thewr male counterparts Thus one mught anticspate that the
esponse of female mammary anlagen to hormones would differ shightly
from that of the male tissue

The experiments exparted heremn were designed to show that one could

5 the recently 2ccumulated knowledge about bormonal controf of female
mammary growth and function fo reproduce w the male gland the vanious
Brawth and secretory phases Some of the experiments thersfore repeat and
confirm what has already been shown in the glands of adult vizgin rats
namely that with pitwtary and ovases d prot 1 y
£rowth may be lated readily by a b of pitutary and ovanan
hormones “and that lactation may be induced in glands so prepared by a
“ombination of pitutary and adrenocarticat hormones  For purposes of
Sunplicity  other rmportant endocrne glands such as the pancreas hver
Patathyroid postersor piturtary and adrenal medulla have been excluded
from consideration here

A report on the non-essentiabity of the thyrosd for mammary development
and secretion will be gven separately t

Brefly 1t has beeny shown that m hypop h d
Igim rats mammary devel p Iating that of early pregr may
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the latter preparation . hypophysectontized males 1s suggested by body
wertht increment following daily doses of 2 mg  pomted 1o approuimately
1% contamination with growth hormone but 1t swas found that this activity
was retaned after the Jactogenic hormone solutton was boiled a procedure
thot promptly destroys punficd preparations of prowth hormone but not
tactogemc hormane

Throughout the expeaments the rats were given 30 mi of §% glucose
intrapertoneally every other day and on the two post-operative days they
wcenved also 5 mg of Terramyem® dady Estrone (E) and progesterone
{P) were gnen separately snd mn combnation 1n sesame oif 1 datly sub
tumeous doses of 1 pg and 4 mg respectnely  Hydrocortisone acetate
{F) was ad d sub ty 10 crystallng The growth
harmone was mjected subcutaneously n salte and the lactogentc harmone
%25 grven subcutaneously usually in the form of an alum suspension at
pHSQ

The sats were weighed at 5 day intervals One day after the last myectson
mee1opsy was performed At this tme mammary spreads wese made from
each ammal and extramammary tissue was fixed and prepased for husto-
logic study The spreads sere stamed i toto 10 alum carmune and embedded
# plastic for future reference The development of the glands was judged
{see Table 1) and graded on a 1 to 4 scale but due to vanable responses
in diffecent sectors of the gland an arbitrary mean had to be used which
wyolved the use of fractions of the 4 whole numbers The grade of alveolat
distension wvath stk must necessanly be considered very atbsteary also
it should be recatled that the male sate has no mammary nipples The oper
3lise sites were checked and if there was any doubt about the completeness
of the op the rats in 4 wete excluded from the study

The first experiment was designed to test the efficacy of the hormonal
combinations i doses comparable 1o those used i adult females In new
of the fact that we were dealing with an almost rudimentary mammary
land in the 26 day-old operated male 1t was thought necessary to nyect
for 2 perod of one month ;m order to unitate the growth processes of the
tormal female over the same age peniod Thus estrone progesterope lacto-
€t and growie hormones indwidually and 1 vanous combinations wese
Wiected for 30 days

Duning the course of the expenment 1t became apparent that the effects
of the vanous mammary stunulating hormones could be ascertamed quite
eadily after a two week penod of mjection The more effective combina
tons of hormones used 1n the first expenments were 5e run for 14 days
(Table 1)

After st was learned that estrone at a dose level of lug plus growth
hormone at a dose level of 02 mg were capable of induciog duct growth
i the hypoph 3 d males a senies of three expen
ments using lower levels of growth hormone plus 1 pg of estrone were per
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be induced by injecting estrone progesterone and lactogenic hormone
(prolactin mammotropin) % Such ammals show subnormal weight gan
growth stasts or weght loss and 1f this 1s corrected by mjecting growth
hormone (somatotropm STH) as well as the other three hormones com
plete lobulo alveolar development equalling that of late pregnancy may be
induced ® Regardless of the degree of lobulo alveolar development mam
mary glands will lactate 1n these doubly operated rats after mjections of
lactogenic hormone growth hormone and either ACTH or cortisone When
the adrenals are also removed cortisone 1nstead of ACTH must be used
with lactogenic hormone and growth hormone The only motphological pre
requisite to the induction of mulk secretion by this lactational triad 15 the
secretory umt or alveolus Indeed after hypophysectomy and cophorectomy
this triad will induce lactation 1n the few sparsely distributed alveol that are
present 1n the glands of the Long Evans virgin rat ¢

Our early expeniments with the adult rat were concerned maily with
prolactational and lactational growth However 1n testing vanous combina
tions of the ovanan piturtary and adrenal hormones 1n the doubly (hy
poph, d d 1) or trply (hypophysectomized gonad
ectomized adrenalectomized) operated rats it was noted that the pre
operatne virginal mammary status gquo (ducts and a few small alveolar
clusters) could be fairly well mamntamned with lactogenic hormone alone
Growth hormone alone seems to have no effect s preventing regression but
when 1t was given with estrone evidence of duct growth (but not alveolar
development) was found m club Itke peripheral extenstons

Expermmental

These previous findings were useful m planning to reproduce m the male
all of the mam phases of mammary development Long Evans males hy
pophysectomized and gonadectomized shortly after weaning (age 26 days),
were given hormone 1njections from the time of operatron and for varymng
periods thereafter When the adrenals were also ablated this operation
was performed three days after the other two It was a welcome finding that
the triply operated rats fared well on 1% NaCl 1n therr drmnking water and
on any of the hormonal which included prog Only enough
of the triply operated rats were studied to delineate the role of the adrenal
1n mammaty growth and lactation The possible roles of the adrenal cortex
1n mammary growth were of less concern than was confirmation of earlier
results i the female that the pitwitary and ovanan hormones requtre ne
help from the adrenal i the developmental phases In some of the m!sdlt
was also necessary to control the p ity of steroids
betng formed 1n the adrenals under stimulus from the pitwtary preparations

Growth hormone was prepared from ox pituitaries®® and ]acws‘”‘]‘c
hormone from sheep glands 7 both preparations had mnimal dctcc(ﬂb;
cantammations of other pituitary hormones A defimte anabolic cffect o
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Table 1

THE EFTECT OF VARIOUS HORMONES [NDIVIDUALLY AND IN COMBINATIONS ON THE
MAMMARY GLAND OF HY

OMIZED MALE RATS*

No of |Est [Prog { MH |STH | F State of
Group |F18 | "Rats | 'ug | mg mg | mg | mg [PUS| Afammary Gland
1 4 3 [] 0 0 |0 1] 30 | D—regressing
2 11 3 0 0 2 o 0 14 | DABI+
3 [} [ 2 0 [} 30 | DAB1+
3 6 3 ol o o [02 0 30 | D—regressing
4 s 2 1 0 o {0 0 14 [ D—
3 1 ] L] 0 [} 30 { D—
5 3 [1] 4 0 ] 0 30 [ D—
6 9 3 1 4 o |0 0 30 | D—
7 3 1 [1] 2 [ 0 14 | DAB 1+
12 3 1 o 2 |0 0 30 | DAB 1+
8 13 3 0 4 2 0 0 14 | DAB 1+
9 14 3 1] 0 2 |02 ] 14 [ DAB2+
10 7 3 1 ] o 002 0O 4 ID
8 3 1 0 0 004 0 14 [ DAB1+andC
3 1 [ [ 008 | ¢ 14 [ DAB 1+ andC
3 1 ] 0 02 0 30 | DAB!+andC
11 15 3 1 0 2 004 [ 14 | DAB3+andC
12 3 1 4 0 0041 O 14 | DAB1+andC
10 3 1 4 0 02 0 30 | DAB1+andC
19 3t 1 4 0 02 0 21 | DAB2+andC
13 2 1 4 1 [ 0 14 | DAB2+4 and LAOSY
16 9 1 4 2 0 [ 14 |LAOS5+to2+
3 1 4 2 0 0 30 [LAOS+1to2+
20 4t 1 4 2 0 0 21 J LA 1+102+
14 2 1 4 1 004 [ 14 |LA15+and25+
3 1 4 2 004 | O 14 |LA15+1025+
17 3 1 4 4 004 [ 14 [ LA3S+
3 1 4 2 02 [} 30 | LAOS+ 102+
2t 1 4 4 02 [ 21 | LA25+and3+
15 18 3 1 4 4 004 0 14
then | O [ 4 004 1 3 |LA3+andL2+
4 1 4 2 004 0 20
then | © 0 2 004 1 6 | LA3+andL4+
3 1 4 2 102 1] 30
then | O 0 5 05 1 7 | LA3+andL4+
21 2t 1 4 2 02 [ 21
then | O o 5 j05 1 5 |LA34andL3+
“VEst = estrone Prog = MH = han‘none‘)
STH = somatotropin (growth hormone) F = hydrocortisone acetate d = d“mfﬂdy
C = pronounced club endings on ducts DAB = ducts and alveolar buds ll’);‘ﬂ;"‘;
0 Wi

grees of lobulo alveolar development L = Jactating (degrees of distentio:
 Also adrenalectormized
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formed m an attempt to ascertun the approumate mammal effective dose
of growth hormone (Table 1)

It was thought unnecessary 1o repeat this series i tnply-operated rats
{hypophy & J d and adrenal d) Hence with
the latter osly four small groups of males were studied using essentrally
the same technique as with the doubly operated anumals These rats were
bypophysectomzed at 26 days of age and three days Iater therr adrenals
and testes were removed Al of the adrenalectomized amumals were given
15 NaCl for dunhing purposes and every day they recerved 30 m! of
5% glucose m 0 85 NaCl sntrapentoneally For the first five days durmng
the operatnve stages § mg of Terramycin® were added to the daily dose
of ghicose sahne Al the rats reported 1n this expeniment recesved 1 g of
estrone 4 mg of progesterone and exther 2 mg of lactogentc hormene or
025 mg of growth hormone or both of the fatter two hormenes daily for
2! days They fared well on this regtmen as did the tw o that were injected
duning the Iactational phase of five days with 5 mg of Jactogensc hormone
05 mg growth b and 1 mg of hyd

Results The results of the vanous expenments are recorded mn Table 1
and are shown to better advantage 10 the photographs of Plates 1 and 2
Hypophysect d gonad d rats are referred 10 as doubly oper
aled and the hypoph a de d adrenab d as
triply-operated

Group 1 are doubly-operated rats which recewved the usual suppostive
fieatment but no hormones Sesame oif the sehwle for estrone and pro-
gesterone was ingected subcutaneousty The result obtaned may be appre
cated by companng the developing glwd of a nommal 26 day-old at
(Fig 2) with the atrophic gland of a doubly operated rat injected wath
sesame o (Fig 4) It will be noted that the larger ducts have persistad
#lthough the smaller branches appear fo be wilting

Groups 3 4 5 6 and 10 (Section 1) may be combined for the purpose
of reporting results because the glands of all of these doubly operated rats
vanously treated showed regression from a normal 26 day status Group 3

I3

Fic 5 same mected daily with 1 pg estrone (E) for 14 days regresston
Fic 6 Same mjected daily with 200 pg growth hormone (STH) for 30 days
regression
Fa 7 Same mjected darly with 20 pg STH plus 1 g E for 14 days regression
Fie 8 Same myected daily with 40 pg STH plus 1 pg E for 14 days duct
grawth with club formation
Fio 9 Same mmjected datty with 1 pg E plus 4 mg progesterone (P) for
30 days regression
Fio 10 Same imjected duly with 1 pg E plus 4 mg P phus 200 pg STH for
30 days duct growth with club formation simtar to rats treated with E plus

Fio 11 Same wnjected daly with 2 mg MH for 14 days Mawtenance
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' ‘Q}F‘W :
2 N

3

PraTe 1

Areas of the first nght mgwoal mammary glands (x 14) from Long Evans
male rats

he gland 35 shown
Fig 2 Normal 26 days old about !4 of the !
J 59 days old about ¥5 of the gland 1s shown
i 3 ‘I:lormi e and d at 26 days of age and mjected
Fia 4 Hyporhy with sesame o1l for 30 days
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(Fi 6) received ondy growth hommone group 4 (Fig 5) osly evrone
group § only progesterone, group 6 estronc and progesterone (Fig 9)
and the first section of group 10 estrone and = subthreshold dose of growth
formone (Fig 7)

Groups 2 7 8 and 9 alt composed of doubly operated rats may be
sepotted together for here agun the sesults were essentially simddar m alt
four proups The glands showed muntenance of the ducts and alveolar buds

Dy due to lactogenic h alone (group 2 Fig 11} Thers was

2 of better with | hormone plas growth
harmone {grovp 9 Fig 14) But nather estrone (gronp 7 Fig 12) nor
P given with lactog h {group 8 Fig 13} promoted
better than i hi alone

Groups 10 (Sections 2-4) 11 and 12 showed essentially simtlar growth
tsponses In all the synergism between estrone and growth hormone was
clearly demonstrated 1n the remarhable end bulb proliferation The results
uth three Jevels of growth hormone (40200 g ) plus | pg of estrone
(group 10 Fag 8) or 1 pg of estrone and 4 mg of progesterone {group 12
Fig 10) nere the same It was tempting to interpret some of these results
2 representing only duct growth but there were present small lateral buds
that seem 1o be able to develop os ducts with the proper stmulus or 1o
seerete when s f by the t d o (4 ot prowth
hormone and ACTH or cortisone)  The designation DAB or ducts with
hveolar or Yateral buds was therefore used It seemed signsficant that the
inply-operated cats with vo adrenal hasmone except what s sometumes
consider & 1o be cortscord (progesterone) showed good growth of end
bulbs 1n tesponse to the combmaton of estrone and growth hormone n

Fio 14 Same wjected duly with 2 mg MH plus 200 pg STH for 14 days
maintenance
PG 15 Same mjected with I pg E plus 2 mg MH plus 40 pg STH for 14 days
¥ growth with club formetion silax to E plus STH
' 16 Same myected daily with 1 pg E plus 4 mg P plus 2 mg MH for
¥ 14 days 1+ lobulo alveclar (LAY gromb
' 17 Same smjected dady with 1 pg E plus 4 mg P plus 4 mg MH plus
¥io 40 ig STH for 14 days 3 < LA growth
¥ 18 Same njected dary for 14 days with § g E plus 4 mg P pius 4 mg
H plus 40 ug STH then 4 mg MH plus 40 ug STH plus 1 mg hydrocort
WP acetate (FY far 3 days 44 LA growth and lactation
p) 4 and adrenal

0 19
ol ye Hypophy

and at 26 days
3¢ and njecied daily with 1 pz B oplos 4 mg P plus 200 pg STH for 21
F?)’S duct growth with club formation
S 20 Some njected dady with 1 pg B plus 4 mg P plus 2 mg MH for
¥ 23 21 days 24 LA growth
MH g Same snjected daly for 21 days with 1 pg E plos 4 mg P plus 2 mg
phuy s 200 pg STH and then for 5 days with 5§ mg MH plus 500 yg STH
Tm, F LA 35+ and Jactation



468 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

R gy g
i,/‘\ W <

PLaTE 2 o
Arcas of the first nght ingwmnal mammary gland (x 14) from Long Eva
male rats
Fio 12 Hypop d and at 26 days of age and 1

jected datly with T yg E plus 2 mg lactogenic hormone (MH) for 30 days

maintenance {H for 14 days
ected daily with 4 mg P plus 2 mg M

Fig 13 Same in) marntenance
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ovanan and pituttary like hormones would complicate this report How
oer the picture of normal breast development n pregnancy cannot be
understood precisely unless the placental factors be tncluded T vidence has
been adduced® that the mudterm rat placentr imutates the pituntary rather
closely in 1ts mammary nfluences

The mechanism  whereby the five anterior ptuntary hormones (l1cto
gemc hormone ACTH growth hormone FSH and ICSH) influence mam
mary duvelopment and subsequent Inctatton may thus be outhined (Nig 1)
progesterone 1s formed by the corpus luteum under the nfluence of hcto
génic hormone estrogen 1s secreted fram the avary through the stmultton
ot FSH plus ICSH combrned 1a optimal proportions ACTH wdll sumulate
the cortex to produce 2 vaniety of sterauds three of which (DOCA £ plus
F) as we know from thus and other work will enhance the effects of hcta
geme hormone plus growth hormone on the mulk secretory process The
mammary stimulating action of growth hormone has been revealed i these
expenments however until work has been done on m immary tissue culture
ar on ssolated organ preparations the nature of this hormone s ctivity 1n
this regard will reman conjectural

Furthermore a5 summarized 1n Figure 1 the following changes in the
mammary gland are mduced by estrone progesterone lrctogenic hormone
gowth hormone and hydrocortisone acetate (T') n smmature male rats
with pituitanes and testes removed

§ Regression after mjection of (a) Sesame o1l (b} 200 yig of growth
Bomone () 1 1g of estrone (d) 4 mg of progesterone 1 pig of estrone
Plus 4 mg of progesterone, (¢} 1 pg of estrone plus 4 mg of progesterone
1S 20 pg of growth hormone

2 Mamntenance alter {a) 2 mg of lactogeme hormone, (h) 1 pp of
estrone plos 2 mg of lactogenic hormone (c) 4 mg of progesterone plus
2mg of factogentc hormone (d) 2 mg of Jactogenic hormone plus 200 pg
of growth hormone
3 Duct proliferation i the form of farge end bulhs after (a) 1 g
otestrone plus 40 80 or 200 g of growth hormone (b} 1 i of estrone
Plus2mg of lactogenic hormone plus 40 (g of growth hormone (c) 1 pg
ot estrone plus 4 mg of progesterone plus 40 or 200 ¢g of groxth hormone

e {c) regimen induced the same changes 1 rats which had sho been
adrenalectomized

4 Lumited lobulo-als eolar growth after 1 pg of estrone plus 4 my of
Plogesterone and 1 or 2 mg of lactogenic hormone The same results were
obtaned when the adrenals also had been removed

S Full obulo-aleolar prowth alter 1 pg of estrone plus 4 mg of
Progesterone plug 4 mg of lacto enic hormenr plus 40 g, of prowth hor
O I 5218 with adrenals 210 ablated 1 g of estrone plus 4 my of
)[:’Ugts!crov‘c PIus 4 mp of lactogenic hotmone plus 200 gy of prowth

ormane sduced good lobulo-alvenlar growth
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Jected together with the progesterone (group 12, section 3 Fig 19) The
rats which received estrone plus lactogentc hormone and growth hormone
showed good club formations at the ends of the mam ducts and a greater
degree of lateral buddmg (group 12 Fig 15)

Group 13 was made up of doubly- or triply operated rats wjected with
estrone progesterone and lactogenic hormone This together with previous
experience mformed us that 1-2 mg was an adequate daily dose of lacto
genic hormone for synergism with estrone and progesterone leading to m
complete but defimte lobular alveolar development (group 13 Fig 16)
The adrenalectomzed rats responded equally as well as the doubly operated
animals (Fig 20)

Group 14 was composed of 11 doubly operated and 2 trply operated rats
that received estrone progesterone and different levels of lactogenic hor
mone plus growth hormone When the level of estrone was held at 1 pg
that of progesterone at 4 mg and that of growth hormone at 40 pg, and
when that of lactogenic hormone was varied from 1 to 4 mg daly the
higher dose of the latter was shown to mduce greater lobulo alveolar growth
(Fig 17) Tius degree of development 1s equuvalent to that attamned m late
pregnancy mn the tat Agam the adrenal was unnecessary although here
also progesterone must receive 1ts due consideration as a corticord

Group 15 consisted of 13 doubly operated and 2 triply operated rats
given the prolactational quartet of hormones estrone progesterone growth
hormone and lactogemic hormone for periods of 14-30 days and then
given the lactational group growth hormone lactogenic hormone and hydro
cortisone As shown in the Table and Figures 18 and 21 the response was
one of full secretory activity in well developed glands

Discussion

In these expenments some of which may be sad fo have confirmed
earlier findmgs 1n the adult female rat and other ammal forms there bas
been an attempt to emphasize the mmportance of multiple synergisms it
mammary growth and mulk secretion It must be admutted that thys 15 more
casily accomplished than the task of defining the precise and specific actton
of each indivadual pure hormone

To schematize the play of piturtary and target organ hormones upaott the
mammary gland a chart has been prepared (Fig 1) It would seem that
six anterior pituitary hormones as well as the posterior lobe twins have
some direct or indirect 1nfluence upon mammary growth and lactation In
the work presented herein nothing has been done to demonstrate pcs;ermr
lobe or thyroid actwity Such functions have been treated elsewhere The
work of Chen et al ! proves the non necessity of TSH or thyrod substances
for mammary growth and secretion but this may not be said to deny 2
certain usefulness of these substances 1n normal functron

To present the evidence for the placental storage or manufacture of
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Effects of Somatotropin and Other Piuitary
Hormones on the Lactating Mommary Gland

S J Folley

Nationa! Institute for Research in Daurying University of Reading England

Galact Action of § Pl

7
1 has been weit Lnown for over 25 years that anterior piturtary extracts
contan factors capable of encreasing the mik yreld of cows 1n decliung
Tactation “Thyg phenomenon an example of which 15 shown i Figure 1
Wustrates the so-called galactopoietic action of pltunaty extracts {for
terminology see refs 1and 2) It has Tong been a matter of considerable
terest to find out which of the well-characterized antenior priuitary hor
RS are regy for the galactop p of unfi 4
Ptuttary extracts A solution of this problem has been attempted in jount
Studes by F G Young and myself with vanous collaborators over a num
ber of jears The eather work 15 discussed m reviews by Young® and
Folley ang Young ¢
after the discovery by Stricker and Grueter of the existence of
the anteror Pitustary factoperc hormone which T shall here call profactin
and wy charactenzation by Ruldle Bates and Dykshomn ¢ 1t was beheved
tha profactin must possess what we now calt galactopoetic properties
However the work of Azmev and Krouze? and more particularly the
casly work of Folley and Youngt suggested that ox antenor pitwtary ex
$racts must contasy sSome compornent or components distinet from prolactin
with more powerful galactopotetic properties perhaps capable of acting
2lane o pechaps synergistically with other antenor pumttary factors such as
Prolactun yselr the combination thus formung a potent galactoporetic com
Plex Thege findings gave nse to the belief that the galactoposetic potency
Of pufieq profactm was not very great at least in the cow As will be seen
aer this belief has been supported by subsequent work

473
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6 Milk secretion after as few as 14 days of prehmunary treatment with
1 pg of estrone plus 4 mg of progestrone plus 4 mg of lactogenic hormone
plus 40 pg of growth hormone followed by as few as 3 days of mjections
with 4 mg of lactogenic hormone plus 40 utg of growth hormone plus 1 mg
of F Rats that had also been adrenalectormized showed excellent mulk secre
tion under a similar regimen

To be complete the schema should show a regressing or atrophic gland
The picture would consist only of branching lines representing shrmking
ducts bare of buds

Summary

In hypophysectomized gonadectomized (and 1n some cases adrenalecto
mized) inmature male rats mammary duct growth was induced by nject
ng estrone and growth hormone

Limted lobulo alveolar mammary growth qualtatnely comparable to
that of early pregnancy was induced by injecting estrone progesterone and
lactogenic hormone

Full lobulo alveolar development qualitatively comparable to that of
late pregnancy was mnduced by injecting estrone progesterone lactogenic
hormone and growth hormone

In glands 1n which Iobulo alveolar (or prolactational) growth had been
sumulated by the just mentioned quartet of hormones milk secretion ¥a5
mduced by a lactational trnio of lactogenic hormone growth hormone and
hydrocortisone acetate

Most of the life hustory of the female mammary gland has thus been
reproduced on a shghtly reduced scale 1n male rats
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mik yield The inhibitory effect of ACTH on lactation mn the cow has been
confirmed 1n recent expeniments i our laboratory {Flux Folley and Row
fend}** 10 which punfied ACTH of low molecutar weight was used and
aso by Shaw Chung and Bundeng? The activity of the punfied somato-
Yropin 1 these single mjcction tests was quantitatisely sufficient to account
for alt or nearly alt of the sctuaty displayed by our unfractionated extracts
of o antenor pituttary when considered m relation to there estimated con
fent of somatotropin In tests of fonger duration mvolng repeated 1mjec
tons 3t 1s probable that stimulation of the thyrosd by thryrotropin mught
contnbute to the totat galactog effect since thyroid hormone 15 a well
known gatactoposetic 1gent sn the cow This would not necessardy apply
only to unfractionated anterior lobe extracts which we can now recognize
we had used i our earker work My as a crude opin prepara
ton but mught also apply to work with purtfied somatotropin since it 1
notonously difficult to free the latter from thyrotropin

The galactopoteric actvity of growth hormone 15 probably of funda
mental physiological significance Young® pomnted out that growth mulk
seuretion and diabetogeness are all processes which mvolve a restraint on

N change i milk yicld (2 of mfial yicld)

A N D N & o o F R
T

STH €Omg
APE 10ml

Prolactin 40mg ¢

Profactin 40mg’
574 30mg

n— e 7
— Y TR

ACTH Tmg
$TH 30mg W
Fic 2 Effect of single injection of various O¥ antefnior pituttary preparations
o8 the mulk yelds of groups of cows on three farms The bats show the change
18 ield obseeved during the two days following the myection expressed as a

Percentage of the instsal yield corrected for the change 1o vield tor control cows
(From Cotes et al 19)
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Daily mdk yield per group (Kg)

B 5 10 15
Dajs

Fic 1 Galactoporetic effect of a single of 10 ml unf ted 0%
anterior pituitary extract on the milk yield (unbroken line) of a group of four
cows The dotted line shows the milk yield of a group of four control cows
jected with physiological saline (From Folley and Young®)

In the course of these studies during which a good number of antenor
pituitary extracts mamnly from the ox were studied 1t was noticed that
although 1n agreement with what has just been said the relation between
galactopoietic potency and prolactin content as measured by the pigeon crop
assay was not very close there seemed to be a close relationship or at Jeast
association between drabetogenic activity and galactoposetic potency On
reflection this was not altogether surprising because a number of analogies
could be drawn from the biochemical standpoint between dabetes and
lactation {see 3) Therefore when punfied somatotropin was found by
Cotes Reid and Young® to exhibit diabetogenic properties n the mntact cat
1t seemed likely that somatotropin would prove to be galactoposetic Accord
ingly Young and I decided to examine punified somatotropm for galacto
poietic properties 1n lactating cows In experiments on groups of Jactating
cows on three farms Cotes Chrichton Folley and Young' found that
single mjections of punfied somatotropin caused apprectable and statistically

gnfi porary 1 the mulk yreld (Fig 2) On the other
hand single injections of approximately 1000 I'U (40 mg) punfied P"’;
lactin had no detectable galactoporetic effect while single mjections O
ACTH protem 1n the doses used actually caused temporary decreases 10




MAMMARY CLAND AND HUMAN MLTABOLISM
18

Daly milk yreld (Ib/ cow)

ul

"5l * Confrol i
5919H"’8 \ /

1 F3 3 + 5 C
Days

of
injected with saline
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Fio 3 Milk yield curves for a group of 5 cows recewing a single 1njection
90 mg somatotroptn (Armour R 377174) and for a group of § control cows

Two single injection expenments with the same somatotropin preparation
ere also carned out by Dr Flux on lactatng goats of the British Saanen
breed randomized bloch designs being agamn used The results of the first
eApenment are summanized 1 Table 2 Three doses of somatotropmn (10

Table 2

EFFECT OF A SINGLE INJECTION OF STH (ARMOUR R377174) ON THE

MILK YIELD OF GOATS

{6 goats on each treatment)

Mean Milk Yield
Dose of STIH b tgoatydey) Response Per Cent
(Armour Unigs) 2 Days 2 Days "bdfz 5";“’/ Response
before after 4
Injection Injection
—_—— |
0 642 619

10 566 683 064 109

20 593 619 000 00

30 553 631 012 20

—_—
Responses significant at 107% Tevel
efficient of variation 7 0%

.
Adjusted on basis of covarrance analysis
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the oxidation of metabolites which are thus made available for other pur
poses such as milk formation so that a close relationship between the
hormonal mechamsms mvolved 1n the control of all three phenomena 1s to
be expected

The galactoposetic effect of somatotropin has been confirmed 1n cows by
Donher and Petersen'® 14 1n single injection tests and also by Chung Shaw
and Gill * Shaw Chung and Bunding! Wrenn and Sykes'® and Brumby
and Hancock!” who have observed substantial increases i milk yreld m
response to series of daily mjections Confirmatory results have also been
obtained 1n lactating ewes by Jordan and Shaffhausen 8

Table 1
EFFECT OF A SINGLE INJECTION OF STH (ARMOUR R377174) ON THE
MILK YIELD OF COWS IN ADVANCED LACTATION
(5 cows on each treatment)

Mean Milk Yield

reoden | chmen | oo
Yield (Trested
3 Days 3 Days
‘before after (b /day) | Congrol)
Injection Injection
[ Sk ahita .
Control 166 128 -38
STH 90 Armour units 168 157 —11 161

Response not significant P02

By contrast in expenments recently carried out m our laboratory by
Dr D S Flux rather puzzling results have been obtamned We thought it
would be of interest to see if opin would temporanly 1ncrease the
milk yeld of cows 1n rather late Jactation This possibility was nvestigated
1m an experiment on two groups of five cows 1 which Dr Flux found that
single njections of 90 mg (90 Armour umts) of punfied somatotropit
(Armour R377174) had no sigmificant effect on the milk yreld A random
1zed block design was used for this expeument the results of which are
summarnized m Table 1 At first sight the results in the Table might appear
to mdicate that there was an appreciable galactoporetic response to the
injections This anses from the fact that while as shown Figure 3 the
milk yields of both control and hormone njected groups dechined over the
observation peniod the former declned faster than the latter It may be
noted however that the milk yield curve for the group recewving somate
tropin considered by stself provides no evidence that the treatment had
any effect whatever Covariance analysis showed that the calculated response
gven in the last column of Table 1 was not sigmificant and also reveated
that the accuracy of the expenment was not very great probably because
the cows were approaching the end of lactation It seems safest to conclude
that there was o response to the treatment
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although 1t must be noted that Shaw et al* obtained posttive responses m
cows in advanced lactatton which on the average were giving only 15 1b

milk per day As regards the goats it may be significant in the present
connection that m experiments carried out at about the same time as those
just described (Flux unpublished) other lactating goats from the same
pedigree herd which had been spayed in infancy and then brought imto
Iactation by hormone treatment proved almost completely refractory to
single injections of 1 mg v thyroxine or of 5 m! unfractionated ox anterior

prtuitary extract (1 ml == 250 mg fresh tissue) both of which agents are
wegularly effective 1n cows Tncidentally they were also refractory to single
mjections of 1000 T'U punfied prolactin but this ss not significant 1n the
present n since the galactopotetic activity of prolactin seems to be
relatively small as judged by the poor responses m cows obtamed by a
number of workers (Cotes et al 1° Donker and Petersen ™ Bravati and
Fion ® Wrenn and Sykes'®) It may be that somatotropra 15 not a limiting
factor in declinmg lactation 1n the goat though this apparently does not
2pply to a close relative the sheep 1 which anumal Jordan and Shaff

hausen!” obtamed positive galactopotetic responses with somatotropin

Another p Lty 1s that d of mnsulin would
have permutted a galactop p to pin There 15 now

constderable experimental support (see 20) for the view put forward some
years ago by Young that the growth response to somatotropin requires a
sufficiency of insulin 1 the absence of which the pitustary growth hormone
exerts a dnibetogenic action If the same applies to the galactopoietic 1e

Sponse 1t seems possible that 1n some circumstances galactopasests mght
fall because of a deficiency of insuln m which case msulin would be ex

Pected to permut or enhance the response to somatotropin In any event for
the above reasons the experiments just discussed do not appear to provide
2ny grounds for questiomng the reality of the galactoporetic action of purt

fied somatotropsn 1n the cow particularly since the ongmal work of Cotes

etal 19 hgs peen so amply confirmed by other workers The possibility that
the galactoporetic actvity of somatotropin preparations 1s due not to the
Bormone 1self but to some Miherto undetected Contammant remains for
further consideration

Effects of Somatotropin on Mammary Tissue 1 Vitro

Mammary ussue 1s outstanding for 1ts ability to synthesize fatty acids
from small molecules even i vitro as shown by the fact that if mammary
gland shices from lactatmg rats are meubated with 1 C1* 2 tritio acetate plus
C* glucose fatty acids rich 1 all three ssotopes can be isolated from the
shees (Balmam Folley and Glascock *) That this phenomenon signifies net
fatty acid synthesis rather than merely a rapid turnover 1s evident from the
fact that rat mammary gland slices provided they come from lactating ant
mals utilize glucose or glucose plus acetate i vitro with R Q > 1 (Folley
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20 and 30 mg ) were tnied and there were six goats on each treatment
The responses given 1n the last column were estimated from the adjusted

post mjection yields which were calculated by covartance analysis The ac

curacy of this experiment was satisfactory the coeflicient of variation bemg
no more than 70% The results are puzzhng 1n that while the lowest of
the three doses tried (10 mg ) appeared to give a galactopoletic response
though this only achieved 2 10% level of significance the two higher doses
were without effect It was decided to investigate the lower range of doses
further Accordingly a second experiment was carried out a week later on
the same ammals 1 which the responses to single myections of 5 and 10 mg

respectively of the same preparation were studied In this case there were
seven goats on each treatment The results are given mn Table 3 This time
a single mjection of 10 mg of the somatotropin preparation had no appre
ciable galactoporetic effect though 5 mg gave a small but not staistrcally
significant response

Table 1

EFFECT OF A SINGLE INJECTION OF STH (ARMOUR R377174) ON THE
MILK YIELD OF GOATS
(7 goats on each treatment)

Mean Mk Yield
(tb /goat, day) Change in
Dose of STH weld Per Cent
(Armour Units) 2 Days 2Dmvs (b /day) Response
before after
Ingection Injection*
0 588 567
5 597 623 056 97
10 551 575 008 14

Responses significant at 10-20¢" Tevel
Coefficient of variation 8 8%

* Adjusted on basis of covariance analysis

There seem to be two possible explanations of these negative or wirtually
negative findings 1n the cow and the goat Either the somatotropin prepara
tion was nactive or the aumals used were refractory to the galactoporelic
action of somatotropin The first explanation seems unlikely unless galacto
poletic properties are not characterisic of somatotropin itself but are due
f0 a contammant Since 1n sem1 quantitative tests this somatotropin prepard
tion caused prompt resumption of growth m hypophysectomxzed 1ats
Moreover the manufacturers have since informed me that materal from
the same batch has gnen positive galactopoetic responses im cOWS 1
expenments carried out elsewher; It seems more likely tl;at the expent

s were refractory to the gal. actions of
r]l:]ex:lt]ael::;:l zlf the cows this might be because they were mn late Jactation
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and French 3) Additton of msulin (glucagon free) to the medum
causes the R Q of the slices to increase from a value of 1 40-1 57 to a value
of 189-2 15 it also mcreases ~Qo, ~Qyeetate 284 —Qprucose (Balmarn and
Folley™#) This, taken together with the fact that the rate of incorporation of
acetate and glucose carbon 1nto the mammary gland fatty acids 15 increased
by msulin (Balmain Folley and Glascock ! 5) justifies the concluston that
ansulin mcreases the rate of hipogenesis from acetate and glucose m mam
mary tissue of the rat In consequence of the high R Q exhibited by lactat
ing mammary gland slices when incubated m Warburg vessels with smtable
substrates dissolved n saline bicarbonate 1 equilibrum with O /CO
mixture, the gas exchange s such that there 1s a net gas output (calculated
as CO ) and the curve of total gas pressure agamst time (composite Iespira
tion curve) nises steadily from the outset of the mcubation pertod (Balmaun
and Folley 6) As might be expected from its effect on the R Q addition of
msulin mereases the slope of the compostte respiration curve (Balmamn
French and Folley 7 Balmam Folley and Glascock %) a response which
can be used for msulin assay ¢ vitro (Balmam Cox Folley and Mc
Naught ?)

In view of the diabetogenic action of somatotropm 1t might be expected
that the Jatter would by 1tself evoke effects on the metabolism of rat mam
mary tisste tn the oppostte sense to msulin and also mught antagomze the
action of msulin when both hormones are added to the mcubation medum
On the other hand growth hormone has been reported to display msylit
like effects under some curcumstances both i vivo (eg Miman and
Russell*®) and on the rat diaphragm equilibrated with 1t n vutro (OMt2
way ! Bulbrook and Ottaway® ) In unpublished experiments carrted out
1n our laboratory Dr Judith Balmain was unable to demonstrate any signifi
cant effect of a punfied somatotropm preparation (500 pg /ml) on the
metabolsm of rat mammary gland shices as judged by the slope of the
composite respiration curve nor did this preparation modify i any way the
marked action of nsulin thereon However more recently in our laboratory
Dr Mary McNaught has found that somatotropin (Armour 1o M308)
w vitro at a concentration of 100 pg /ml will significantly increase the
RQ ofl rat y gland slices sncubated with glucose as sub
strate This mRQ was panted by 1n Qco —Qoz
and ~Qg while the glycolysis (Q 14 ) was reduced (Table 4) Thes¢
effects of somatotropin were somewhat attenuated 1f acetate was present as
well as glucose we are at present unable to explan why acetate decre:se(ii
the stumulating effect of somatotropin on the R Q This complex of effects ©
somatotropin on the metabolism of the lactating rat mammary gland shice 15
1 all respects similar to that evoked by msulin™ and would seem 1o e
opposite 1 a sense to the effects of somatotropin on the R Q of the ls:)e
tated diaphragm of the fasted rat described by Recant ¥ As regards g'"iaﬂ[
stilization we appear to be dealimg with an effect essentially stmular to
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Table 5

EFFECTS OF PITUITARY HORMONES ON THE COMPOSITE RESPIRATION
CURVE OF RAT MAMAMARY GLAND SLICES

Total No o No
Typeof Preparation Tested Posune Negatrve
Prolactin 10 9 1
STH 16 7 9
ACTH 9 5 4
TSH 2 2 0
FSH 1 4] 1

B (intermedin) 6 6 0

Oxytocin 2 0 2
Vasopressin 1 1 0
PLP protein (Van Dyke) 1 1 o

At maximum dose level of 500 ug ml posittve prepirations gave
significant (P<0 05) increase 1 net gas evolution

medn preparations was undertaken therefore m collaboraton with
Professor F W Landgrebe and Dr G M Mitchell As s shown in Table 5
of six intermedin preparations of varying degrees of punty which were
tested all were positrve when tested at concentrations of 500 yg ml or
below Expenments to determine the mimimum concentration necessary
to give a d bl p under our d p ded the most cogent
reason for our behef that the activity was due to intermedin itself since the

e STH Organon 300 g/l
o
80
o SH 4 b ALG 500 pgim
Lof a/wd
Se /
- Q
: 0o
9 s B Landg be 25 pg/ml
3
3w //(sso ‘}»g)
H
- b o °C trob
* 2 k. _4__.___0/
g
20 30 ] ES) 1.0
Mt

Hudents £ test on results at 120 min  cortrol us STLmB 05>P>04
STH Organon 0:035p~0 02
B O0OS>P>002
FiG 4 Effects of somatotropin and intermedin i vizro on the composite

Tespiration curve of mammary gland shces from lactating rats (substrates
acetate +- glucose)
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reported by Bulbrook and Ottaway®* for the isolated rat daphragm in the
presence of the same concentration of somatotropin According ta these
nvestigators, the nature of the effect of somatotropin 1 vutro on the glucose
uptake of the isolated diaphragm of the rat 1s a function of the concentra
tion of somatotropin  when present 1n concentrations of 75 pg /m! and
upwards somatotropmn mcreased the glicose uptake of the diaphragm
while 1 foaer concentrations the hormone had the oppostte effect The
effect of somatotropin 1n relatvely low concentrations on the RQ and
glucose uptake of mammary shees 1s under mvestigation mn our laboratory

Doubts have been expressed from time to time whether the various bio
logical actrvities exhubsted by purified preparations of somatotropi are due
to ope and the same chemical entty The mmplicatton 1s that 1 some cases
an allegedly highly punfied preparation of crystathine growth hormone may
not be a pure homogeneous substance but, rather may constst of a mrxtere
of distinct molecular species possessing different biologreal activities This
possibility has to be considered m respect of the above mentioned effects
of somatotropin on the R Q and glucose uptake of rat mammary gl:md
sines for the following reason We have found that equilibratton with
prolactin increxses the (positive) net was output of mammary gland slces
taken from rats killed n early lactation thus mcreasmg the slope of the
composite respiration curve (Balman and Folley %) Though these results
have been confirmed by Mr T R Bradley in further extenswve studies 11
our laboratory on a number of prolactin preparations (see Bradley Folley
Landgrebe and Mtchell®*) certain reasons gradually emerged why "
seemed unlikely that the effect could be due to prolactm atself Thus the

fect of prolactin was rather hgh (ca 200
ng 'mb) and further there was no obwvious relatton between profactm
potency (crop test) and the effect on the net gas otttput of the mammary
gland slice Thrs led to the examation of a number of other pitwitary
preparations of various types the outcome being that the effect Was found
to be given by many preparations of various well recogmized anteriof
pituitary hormones (see Table 5)

Of particular nterest to the present discussion ss the fact that as will
be seen 1n the Table seven out of a total of sixteen punfied somatotropif!
preparions proved to be postive when fested for their effects on the
slope of the composite respiration curve of rat mammary gland shces af
concentrations of up to 500 pg /ml A simular state of affairs was found
to apply to ACTH preparations some but not all of those tested bemng
found actne In short the results summarized tn Table 5 taken together
suggest that the response under discussion 1s due to a substance present :S
an mmpunty m those antertor lobe preparations which gave positve X

n view of this fractions from other lobes of the pituitary were
s of mter

sponses I
tested (Table 5) and 1t soon became apparent that preparation;
medm ( B ) were especially active More detaded exanunation of mter
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tissue just as the two effects are related n the case of nsulm These findings
pose the question whether the action of our somatotropin preparation 1n
rasing the R Q of lactating rat mammary tissue 1S an mtrnsic property
of somatotropm uself or whether it 1s due to mtermedin present as an
mpunty particularly since the preparation used m our R Q studies 15 quite
active n mcreasing the slope of the compostte respiration cueve Thes ques

tien 1s still under study 1n our Jaboratory but it can be smd that at the
time of wnting we are nchined to the first alternatise Our reason for this
belief 15 that the mechamsm of the increase m the R Q  (substrates

aelate 4- glucose) evoked by somatotropin and intermedn  respectively

does not appear to be the same Somatotropin increased both Qo 2nd Qeo

but did not increase the glycolysis the merease m R Q evoked by nter

medin on the other hand was the result of 2 decrease 1n ~Qq. accompanted
by 2 shght ircrease 1 Qcy  The acid uptake was also markedly increased
These findings are nat conclusive siace the powts of difference are small
and the respective measurements of the effects of the two hormones were
made on tissue from rats hilled at somewhat different stages of lactauon
Further studies will be necessary to clear up this question
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dorel W

most potent of Professor I s prep gave a d re
sponse at a concentration of only 1 25 ug /ml (Table 6) a very much lower
concentration than the detected mmntmum for any other of the active prepa
ritions studted (Bradley et al ) Moreover Mr Bradleys subsequent
results indicate a correlation between melanophore expanding potency as
measured in Professor Landgrebe s laboratory on X enopus, and the actrvty
on the slope of the composite respiration curve of rat mammary tissue The
evidence suggests therefore that intermedin ( B’} 1s partscularly active m
causing an increase 1n the slope of the composite respiration curve of lactat
ing rat mammary shees (see Fig 4) and that the activity shown by some
other pitwtary preparations including somatotropm preparations in rela
twvely high concentrations may be due to contammation with termedin
This 1s borne out 1 general by melanophore-expanding assays on a num
ber of these preparations carried out on Xenopus 1n Professor Landgrebes
laboratory

Table 6

EFFECT OF PURIFIED INTERMEDIN (950 1U /MG ) ON 1HE COMPOSITE
RESPIRATION CURVE OF LACTATING RAT MAMMARY GLAND SLICES
(from Bradley et al®)

Net Gas Evolution as wl CO /100 mg
Rat Day of most issue/2 hr at 37
No Lactation
Control B
25pg/ml
1 6 25 80
47 79
2 7 78 90
56 100
3 9 2 108 p<ooot
65 140
4 9 117 146
100 147
125 pg /mil
5 [ 87 111
72 107 o0t
79 104 001>P>0
95 108

Now 1n recent unpublished work Mr Bradley has shown that 2 highly
d intermedin preparation (550 1U /mg ) for which we ar¢ sndebted
to Professor F W Landgrebe will cause an ncrease in the R Q and S‘“C‘]“:
uptake of lactatmg rat mammary gland slices metabolsing ncelaul: pgr
glucose There 15 Iittle doubt that this effect 1s connected with the abi 1{');‘“5
ntermedin to ncrease the slope of the composite respiration cursé o

purifie
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Table ]
EFFECT OF DAILY INJECTIONS OF 100 MG GROWTIL IIORMONE FOR 14 Davs
1k F Increase
Con M at | Mk Far
(bs) as) |y (o
Tulp
100 mg Growth | Jrutal 3 day ave 364 134
Hormone datly | 17 13 14 day ave 554 295 52 120
Lula
100 mg Growth | Initial 3 day ave 258 120
Hormone daily | 12 13 14 day ave 402 289 56 141

per cent duning such mjection peniods One of the studies reported a year
2g0 15 shown 1n Table 1 It will be noted that milk production increased
oier 50 per cent and fat production over 120 per cent during a 14 day
period i which 2 cows 1 lactation for approximately 2 months recenved
100 mg of GH daily for 14 days Since the energy intake was not changed
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FIG 1 Effect of GH on mammary gland of cow Note gland before (left) and
after (nght) admimstration of 100 mg GH daily for 14 days
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DISCUSSION

Influence of Growth Hormone on the Mammary Gland and on
Human Metabohsm
Designated Discussion

J ¢ sHaw (Unnersity of Maryland College of Agnculture) T should like
to present brefly some results from our laboratory of the effect on cOwS
of growth hormone (GH) ACTH TSH and the glucocorticords under
various phystological conditions which have a bearing on the interesting
reports of Dr Cole and Dr Folley 010

We have injected cows m various stages of lactation with from 5 -
100 mg of GH daily for periods varying from a few days to seven ““50
and have elicited and d of milk production of 25 10
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the same The practical aspects of these observations are readly apparent
We may find that we need to breed for lugh GH production

In another experiment the cffect of growth hormone was compared to
that of TSH when the latter was given m an amount equivalent to 1ts
content as a contanunant 1n the GH Three groups of 2 cows each were
used and the GH and TSH treated groups were reversed at the end of the
fist pertod and re treated One set of wdentical twins was used n this
study It will be noted from Table 3 that the milk ncreasing effect of GH
duning an 8 day period was quite Inrge whereas that of TSH was but shight
In the reversal study which extended over a peniod of 12 days the same
felatronshup was observed Plisma protemn bound iodine was not altered
from normal m these studies

Table 3
THE COMPARATIVE GALACTOPOIETIC EFFECTS OF GH AND TsH*®
ON DALY MILK PRODUCTIONT (3 GROUPS OF 2 COWS EACH WITH
ONE SET OF MONOZYGOUS TWINS IN GIt AND TS! GROUPS)

Control Gn TSH
(Ibs milk) (ibs mtik) (Ibs mulk)
(50 mg GH for § davs + 100 mg for 2 davs)
Initial 23 28 18
Final 25 35 23

(50 mg GH for 6 days + 100 mg for 6 days)
GH and TSH groups reversed
Tnitial 24 14 18
Final 21 26 19

* Amount mjected same as that present in the GH
TIntial itk productton was average of 2 days preceding
and final was average of Inst 2 days of mjection

In 1952 we reported that a single intramuscular imjection of 100 to 300
10 of purified ACTH (Armour) 1 3 normal cows mcreased blood glucose
from approximately 45 to over 120 mg per 100 ml and at the same time
decreased mylk production by over 50 per cent within 36 hours The data
shown 1n Table 4 confirmed the earlier report of Dr Falley and his group
who used a partually punfied preparation More recently we were able to
demonstrate these same effects with hydrocortisone alcohol as will be noted
n Table 5 Note that a single mjection of § g not only mcreased blood
glucose values considerably above 100 mg per 100 ml but also produced a
marked decrease in milk production which was still apparent after 16 days
The same doses of cortisone acetate and hydrocortisone acetate produce
smilar effects but of a lesser magnitude probably due n part to different
solubilitres and rates of absorption

The foregoing observations were the basis for a study in which a group
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during the period, 1t appears that the great increase in mulk fat production
may have been due 1n part, to the resultant partial fasting as I shall pomt
out later on In Figure 1 are shown the photographs of the udder of one of
the cows, taken at the begmnimng and end of the mjection period The pic
tures were taken immedrately after milking in both cases The udder not
only mncreased greatly 1n size but became hard and somewhat inflamed and
appeared to be 1dentical to that usually observed on the day of parturition
Total blood Iiprds did not change appreciably during the injection period
However, there was an increase in phospholiprds neutral fat and free fatty
acid fraction and a decrease 1n cholesterol esters

After a pertod of 2 weeks durmng which time milk production decreased
to about the normal expected level the cows were subjected to a regune of
50 to 75 mg of GH dally for 7 wecks Energy intake was mamtamed
shightly above requirements Milk production was increased markedly and
mamtained at a high level The productton at the end of 7 weeks was still
20 per cent above the imtial level after which time 1t decreased to about
the expected normal level following the removal of GH

Table 2

EFFECT OF GROWTH 1IORMONE PREPARTUM UPON MILK PRODUCTION
{Monozygous Twins)

Mk Fat
Days in Muk (bs ) (tbs)
100 mg GH 9 days prepartum and 16 days postpartum

Contro] twin 280 5418 197

GH treated twin 280 7083 233
100 mg GH 23 days prepartum only
Control twin 30 648
GH treated twin 30 834

Studies on 2 sets of identical twins demonstrated that the admimstration
of GH prior to partunition or prior to and following parturition resulted
1 a lasting effect after GH was discontinued In one pair (see Table 2) the
control ammal produced 5418 1bs of milk 1n 280 days whereas its sdentical
twin which recerved 100 mg GH datly for 9 days prepartum and 16 da3s
postpartum produced 7083 1bs of mulk in 280 days Dunng the Jast Sg
days the control ammal produced 275 1bs of milk whereas the GH ueat;
amumal produced 475 Ibs showing that the effect of GH continued throug]
out the lactatton period With the second pair of twins GH was admn
sstered only n the prepartal period The control ammal produced 648 lb;l
of milk m the first 30 days postpartum whereas its 1dentical twin “’;‘;
recerved 100 mg GH daily for 23 days prepartum produced 834 ds
dunng the same penod In each pair the daily mtake of feed was exactly
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there was a small increase 1n uncorrected mulk and a very matked increase
n 4 per cent fut corrected milk duc to a large increase 1n milk fat Total
4 per cent fatcorrected milk was almost as great a5 that observed 1 ex
penment I an which GH alone was used A very stoking effect was the
farge sncrease n blood glucose levels In expenment IV the ACTH was
admunistered alone Both mulk and milk fat decreased sharply but the milk
fat extubited a smaller decrease as shown by the higher level of 4 per cent
fat<orrected mulk  Blood glucose concentration also increased as the result
of ACTH but did not reach the peaks observed in the ACTH GH expen
ment
During the vanous penods blood hetones remained n the normal range
Itappears that expensments II and HI compurise the first demonstration of
the spectficity of the galactoporetic effects of GH For example 1n expen
weat Il dunng partial fasting GH resersed the downsard trend 1 milk
production The ability of GH 1o prevent the decline 1 mulk production
assoctated with the ad of ACTH provides a second example of
this specificty Howeser GH produces this effect s role appears to be
more than “permisstve  in terms of the concept of Ingle
Inview of the discusstons which were stimulated by Dr De Bodo s paper
Iwoutd ke to call your attention to expenment 11 i which we obsened
sery Intle change i the pounds of mulk recovered 1e n terms of energy
content, but 1n which there was a marked change 1n mulk composiuon and a
stking elevation 1n blood glucose levels I beliese tins expennment may pro-
wide A meetmg ground where certarn 1ssues of the prestous discusstons may
bcmfcxpmed
The depression of mulk production by ACTH and the glucocorticord
2y be due 10 the well known catabotic effects of ACTH operating 1n the
% 10 depress net protemn synthesis (milk) m the mammary gland and
135 10 1mterfere wih milk secretion
In connection with the effects of the varions hormone treatments on the
<oncentration of blood glucose the cow apparently 1> another species m
Shch there 1 5 unique preferential sensitivity or responsiseness 1o the
Plutary endocnige factors regulating carbohydrate metabolism The cow
4 presumably man are more susceptible to the diabetogenic effect of
than to this effect of GH The cat dog and pig are less resistant to
;z:g“b""s?mc effects of GH than to that of ACTH The rat on the other
whije susceptible to ACTH appears to be relatnvely more resistant
‘Olhedmbcmgmn. effects of both ACTH anpd GH In recent studes 1 our
. tones we have observed that the normal glucose folerance of cows 1s
O altered 2ppreciably by GH This marked difference between the cat and
t; O U0 respect to theyr sensitivities to the diabetogentc action of priutarv
5“?‘1‘ or growth hormone was not generally hnown when attention was
P 28 to the possibility that the duabetogenic action and the galacto-
15 8ton were dus to identical substances It 15 perhaps fortunate
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of 6 cows n various stages of lactation, were subjected to a seres of ex
permental conditions In successive periods these wese the adnumstration
of GH for 8 days partial fasting for 8 days plus GH during the last 5 days
of the fast GH and ACTH for 6 days and ACTH alone for 6 days The
cows recerved 110 per cent of their caleutated energy requirements through
out the expeniments with the exception of the fasting period during which
time they recenved 40 per cent of their requirements A rest period of 12 to
15 days followed each treatment period

Table 4

EFFECT OF ACTH ON BLOOD GLUCOSE AND MILK PRODUCTION ON
NORMAL COWS

U of Hours
Cow 9
ACTH 0 24 7] 9
Mg 1100 ml blood glucose
1 100 447 v16 427 —
2 200 455 1269 455 -
3 300 460 123 585 —
Lbs mulk daily
1 100 264 120 202 258
2 200 496 385 455 476
3 300 §31 184 296 360
Table S

EFFECT OF INTRAMUSCULAR INJECTIONS OF 5 GRAMS OF HYDROCORTISONE
ALCOHOL ON BLOOD GLUCOSE AND MILK PRODUCTION

Dnvs after Imection

Con -
4 1 2 16 20

1 g* 560 1210 875 —_ 457
mt 263 134 98 211 -

2 F4 415 1143 764 — 483
m 458 325 286 365 —

* g—blood glucose 1 mg 100 ml
+ m—darly milk production i ibs

itk and mulk fat tcreased umformly during the period of GH myectton
(expeniment 1) and blood glucose increased shghtly Duning the first 3 d“):
of the fastmng perod (expertment II) milk production and blood glucos
both decreased GH corrected the downward trend of both producing some
ose an increase in mulk production and an €ven

e 1n blood gluc
wmerens fat During the ACTH GH period (expeniment it)3

greater jcrease 10 mulk
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pairs of identical twns received an equivalent of amount of thyrotropic
hormone They observed 1 very definite stimulation of lactation over the
8 week pertod duning which the TSH was admmustered Accordingly the
effects of the so called growth hormone I believe under both types of
treatment should be considered due 1 part, to the thyrotropic contamnant
Ths might have some bearng on the pre partunant effects of growth
hormone and possibly might explain why early postpartum lactation might
be affected Dr Shaw should extend his observations on cows 1€ 1n
vestigating further the pre partuniant effects of these hormones 1 believe
there was only a single cow included mn the studies It 1s a pomnt which
shoutd be further explored

JOSEPH MEITES (Michigan State College) We have been domng some work
with growth hormone 1n goats and I have shown these results to Dr Folley
when he recently visited our campus Unltke his expenience we were able
to obtan increases in milk production with growth hormone We have also
studied the effects of cortisone at Jevels of 100 mg per goat per day These
£0ats weighed from 80 to 120 pounds each Cortisone was administered
for 5 days and after stoppmg for one week 1t was given again We
achieved absolutely no reduction n mulk secretion Of course 1t 15 qurte
possible that larger doses of cortisone might have produced a reduction mn
milk secrefion
I would Iike to say also in connection with growth hormone that these
goats had been recetving Protamone® a thyroud active material It 1s very
charactersstic of thyrord treated dairy cows or goats that when the thyrord
matenal 15 stopped there 1s a very pronounced depression mn lactation
Sometimes 1t drops to nothing and then gradually returns to a hmited extent
In Figure 2 1t can be seen that the marked decrease m mulk production
which occurred 1n the controls was partrally prevented by the growth
hormone mjections This 1s mterpreted to suggest that part of the galacto
poretic actton of Protamone® and other thyroid active substances 1s
mediated through an increased secretton of growth hormone by the pituitary
oW some d y results or ly contradictory results were
obtained 1n rabbuts which we treated with growth hormone Mature or
almost mature female rabbits weighing to 6 to 8 pounds were castrated
and treated for 25 days with estrone and progesterone to first develop their
Mammary glands We then gave some of them prolactm alone for 8 days
while others recerved prolactin and growth hormone The growth hormone
Was an Armour preparation and kmdly supplied by Dr Bunding The
Tabbits which recerved the prolactin alone showed a very itense lactatton
The rabbuts which received the prolactin and growth hormone showed a
Yty marked inhibition of lactation Not only was there very little mulk but
the Mammary glands of these rabbuts were actually quite shrunken We are
1oW conducting some metabolic studies 1n rabbits and 1t was very informa
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smnce 1t has been clearly shown that GH 15 not appreciably drabetogenic 1
the cow If our observations are correct that GH gwen duning the pre
parturtent period exerts a marked 1nfluence on milk production during the
entire lactation pertod we may have to conclude that the term galacto
potetic  does not adequately describe the functions of GH 1n relation to
the mammary gland

The action of GH on lactation may be that of mcreasing the availability
of mulk precursors m the blood g the effi of milk
or, actually producing an increase m the growth of mammary tissue

Our farlure to demonstrate a ketogenic effect of GH on normal and fasted
cows 15 perhaps not surprising m view of the fact that the cow and other
rummmants by virtue of their pecultar digestive system, utilize short cham
fatty acids and that the tissues are probably conditioned to the utiizatton of
greater amounts of ketone bodies This 1s true at least for the mammary
gland since we have shown that § hydroxybutyrate 1s one of the major
metabolites of the active gland We observed the incorporation of relatwely
large amounts of Cy, labeled f§ hydroxybutyrate into the short cham fatty
acids of mitk fat n bovine mammary gland perfuston studies A competition
was also demonstrated between acetate and § hydroxybutyrate in that the
perfused bovine gland showed a preference for acetate

I should like to submit that in the lactating mammary gland of the
ruminant we have an excellent organ for the study of tissue elaboration (if
you wish to consider milk as a tissue) and that 1n this tissue the responses
to vanious treatments are easily measured without destroying the organ 1
which the elaboration 1s mdeed great Likewse this 1s an excellent organ
for arteriovenous studtes since 1t 15 virtually 1solated anatomucally from the
body

General Discussion

¢ W TURNER (Unwersity of Missour1) I have been very greatly interested
in the papers presented this afternoon In connection with the first paper
that of Dr Cole I might say that we have followed simular plans of hormone
treatment 1n our mnvestigations I think the only pomt of departure 1s our
belief that progesterone 1s not necessary when the pitutary lactogemc frac
tion 1s admimstered In other words we have been able to obtain more oF
less full growth of the mammary gland of the hypophysectomized anmal
14 and the | fraction So 1n that connection W€
feel that they should attempt the elimmation of progesteronc from the
combined treatment t
In respect to the second paper I wish only to call attention to one po”;;
This pertams to the mvestigative work done i New Zealand using tdc
growth hormone 1 sdenucal twins This growth hormone which was udscm
ossibly by Dr Shaw had a considerable contammation with TSH an
p te for that ¢ they also conducted a tral 1n which

Lomp
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tne to hear Dr Milman indicate yesterdas thit at least an youna rabbits
small doses of growth hormone will wduce 1w intense dibetogenens and
anmtense ghcosuna H ths had been true for our rabbuts 1t could very well
account for the depressing effeet of Lrowth hormone on lictation

Finally 1thumk there 1s one thing which warrants emphasis a pomt wheeh
both Dr Cole and Dr Shaw mentioned 1t 15 that we must recognize the
necessity of at feast three hormones for ictation mainly prolactin growth
hormoene and hydrocortisone Of course Dr Tolley has also stressed thus &
good deal in the hypophysectomuzed amimals If we think 1 terms of what
an utact ammal needs for the mtiation of lactavion then there may be
some gquastron as to whether any hormone but prolacun s actuaily needed
nedra amounts § sy this because w alt ammats whech hase been staded
with the possible exception of the rat st 1s possible to mject prolactn alone
and mitiate loctation This has been done m dogs rabbits gumes pigs
monkeys and 1n many other species 1 think this pomnt might bear some
tomment from the three gentlemen who have spoken on the program

? 3 mranpLi 1 just want to share 1 few results Professor Young asked me
to mention which relate to further studies on the galuctopoenc effect of
prowth hormone under the conditons which Dr Folley has already de
scnbed We have observed that there s @ reasonable hinear refationship
between the percentage merease of mith yield and the dose of growth
hormone admurustered We have been wnable as et to dissoctate or dis
tinguish between the growth p and the galactop Tyt
of different preparations of growth hormone In further prehmuary ex
penments Dr McCormick and Professor Young have obtaiged sumifar
evidence of a galactoposetie action from small doses of snsulin something
i the order of 5 units given to an intact cow

UsCAR rippLE {Charrman) I wish to make a few brief remarks concerming
the paper of Dr Folley We understood that the early sesult which sndicated
prolactin affected the respiratory cutve the uptake of oxygen now appeared
tobe vitiated by Jater work m which 1t was found that intermedin was play
g the farge part That strikes me as being an exceedingly unusuat and
unexpected resslt Profactin by its method of preparation is I think the
one pitwitary hormone which 1s eassest to free of intermedin at least by the
methods which we have always used and which I am familiar with We sent
three preparations of prolactin and a serses of other pstuitary preparations
o Dr Gefing for assay of mtermedin The prolactin preparations were
atirely free They were the only preparations from the prtatary which were
free of intermedin so Dr Folley s finding seem to be a rather remarkable
Tesult

Secondly Dr Folley stated that the prtwitary lactogentc hormone pro-
lactin was discovered by Stncker and Gructer They discovered an effect



B R e L R i
& .:,':’ \E
x M
“ R

-
N bl
- H
@
3

¥ N

-e {
& 3
3
® 3‘{0
¥ dre
H ot

b S
: 1
-

I

H H
- S
- [
. bt
hd -~
-

b,
. b

3

3

: i

E

L

N .
x ~
. H
T s
N b
L3
. N
b N

Fic 2 Effects of growth hormone (Merck) on datly metk production tn goats
The solid kine above represents data from observations on 4 goats which recewved
growth hormone The stippled hine represents data from 4 control animals The
figures above the soltd Ine mdicate the total percentage sncreasc 1a mitk yelds
during each mjection and post mjection period Just prior to the start of the
experrment all goats had been fed Protamone™ (1odinated casemn) for about

3 months
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powerful galactopoictic Agent, certamnly 1n the cow under suntable conds
tions

TIwas very cheered to hear from Dr Mates that he obtamed a positve
galactopoietic effect of growth hormone 1 goats because we have snvested
quite heasdly 10 establishing a goat herd 1n our department I was beginning
to wonder whether the goat was a sunable antmal for expenments of this
nature

Wth respect to the role of the adrenal cortex 1 Ictogenests it has been
shown clearly by Reece and collaborators that prolacun does not very
ellectively nduce 1n the pseudog normal rat but when it 15
gnen m with the ¢ ds or ACTH then one obseries a
positive effect

OSCAR RIDDLE  In regard to the miermedin 1 have just one further word
We never could separate completely thyrotropin from gonadotropmn  Those
two substances together were the ones that contamned the extremely high
intermedin values whereas none could be demonstrated by Getling s labora
{ory m the prob: p d

ROGER D COLE As Jong as we are talking about the intermedin problem
Imight mention that we have on hand some prolactin which 1s remarkably
free of ntermedin and which we shall be glad to send to you Dr Folley,
if you wautd bike to check this It 15 also free of other prtustary factors

Itk Dr Folley has very adequately answered most of the questions
ised except one which was rmsed by Dr Turner regarding the essentrahty
of p m y develop Now he mentioned that the
anmals ke used were hypophysectomized but he did not specify whether
Ot not they were gonadectomized Since he has left the auditonum we can’t
setlle thus question I sugyest however that this mught be the answer to
the problem

O B rEarsov (Sloan Kettermng Instutute for Cancer Research) I would
ke 1o present a single observation which indicates that a growth hormone
Preparation (heef) supplied by the Armoue Laboratories 1nduced a post
e effect in human breast cancer We have studied three patients with
metatastic mammary wancer 1n whom the disease was in relapse after castra
fon and adrenal y and who ob d from hypoph
lomy Qne of these patients has been m remusston 14 months after hypophy
seclomy At the thied month following hypophysectomy we admimistered
growth hormone to determimne if we could sumutate the growth of the tumor
in Figure 3 ace shown data from this pattent She bad an osteolytic tumor
and as the tumor grew 1t d d bone We mdirect} d the
Erowth of the tumor by the rate of bone destruction determumed from
urmary caleum In the control periods the unnary calciom excretion was
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of a pitwtary hormone In 1927 even before therr result we had also
observed the effect of something m the pituitary which caused the crop
gland of the pigeon to enlarge but we did not discover the lactogemc
hormone or prolactin in 1927 It was 5 years later before we could discover
the hormone We had to find that the crop gland response to the prtuttary
extract was not caused by growth hormone by either of the two gonado
tropins or by thyrotropin all of which were known then adrenocortico
tropin was just comng along It was only after such a survey that 2 hormone
could be declared The responses to prolactin have now become quite
vanable such as lactogenesis crop gland increase, maternal behavior,
antigonadal response and 1n some ammals the raising of the blood sugar
or diabetogenesis But, these are responses they are not hormones, of
course

T LEVITT Could the three speakers clear up one small pomt? Drs Lyons
and Cole stated quite categorically that, 1n therr work with ammals thyroid
hormone produces no effect on mammary growth Dr Folley believes that it
has ndirect actions on milk production 1n cows Dr Shaw stated quite
categorscally that thyrotropic hormone and I believe thyrord hormone
defimitely increase milk production Could they elucidate this pomnt and tell
us whether 1t may apply to man?

s J FOLLEY Iwould first like to apologize to the chairman I certainly did
not ntend to mimmize the mmportant work on the rsolation of prolactin
which he and his collaborators did and for which we are all grateful T
should have said 1n respect to the 1928 work of Stricker and Grueter that
they had discovered a lactogenic effect 1n piturtary extracts The isolation
of a hormone as the chairman pointed out came from his laboratory a few
years later

With regard to his point about mtermedin m prolactin preparations all I
can say 1s that the preparations have been assayed for intermedin by Pro
fessor Landgrebe on Xenopus and he has found intermedin by that test 10
all our preparations

Dr Tumer mentioned the New Zealand expenments He said that they
had carnied out paralle] expernments with TSH using a dose equivalent t0
the amount present 1n the growth hormone they had admimstered As I
indtcated 1n my presentation I had seen the New Zealand paper—they
Kkindly sent me a copy of it—and my terpretation of their results 15 that
they had excluded TSH contamination from having played any great part
i their results

With regard to the question which Dr Levitt had asked us about thyroxd
1 can only reply that we have never been able to show any synergistic effect
of thyroid 1n mammary growth expermments It 1s quite well known hc\‘;I
ever, that either thyroid hormone L thyroxin or tr 1odothyrommne 1§
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poserful galactopatetic agent certainly 1n the cow under sutable cond:
tions

I'wasvery cheered to hear from Dr Mestes that he obtamned a positne
galactopoietic effect of growth hormone 1 goats because we have mvested
qute heawly mn establishing a goat herd 10 our department I was beginning
1o wonder whether the goat was a suitable anmmal for expenments of this
rature

Wath respect to the role of the adrenal cortex in lactogenests 1t has been
shown clearly by Reece and collaborators that prolacun does not very
effectnnely induce lactation 1n the pseudopregnant normal rat but when it 15
gnen i combination with the corticoids or ACTH then one obsenves a
positive effect

OsCAR RODLE In regard to the mtermedin I hase just one further word
We pever could separate completely thyrotropin from gonadotropin Those
t50 substances together were the ones that contamed the extremely high
mtermedin values whereas none could be demonstrated by Geiling s labora
tory n the prol b d

ROGER D COLE As long as we are talking about the intermedin problem
Lmi ht mention that we have on hand some prolactm which 1s remarkably
Iree of intermedin and which we shall be glad to send to you Dr Folley
1fy0u would like to check this It 1 also free of other piturtary factors
Tthink Dr Folley has very adequately answered most of the questions
Tased except one which was raised by Dr Turner regarding the essentiality
of m vy develop Now he d that the
anmals he used were hypophysectomized but he did not specify whether
Or ot they were gonadectomized Since he has left the auditorium we cant

setle this question 1 suggest however that this might be the answer to
the problem

O R PEARSON (Sloan hettenng Institute for Cancer Research) I would
e to Present a single observation which mndicates that a growth hormone
Preparation (beef) supplied by the Armour Laboratones mnduced a posi
e effect 10 human breast cancer We have studied three patients with
Tetatastic mammary cancer sn whom the disease was mn relapse after castra
tion and 1 y and who ot 1 from hypophysec
lomy Ope of these pattents has been 1n remssion 14 months after bypophy
sectomy At the third month foll hypoph we d
io:}h hormone to determune 1f we could stimulate the growth of the tumor
and ‘gure 3 are shown data from this patient She had an osteolytic tumor
2 the tumor grew, 1t destroyed bone We indirectly measured the
BOWh of the tumor by the rate of bone destruction determuned from
w2y calcwm In the control periods the unnary calcum excretion was
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at the upper limits of normal 1ndicating the patient was in remisston When
growth hormone was given there was a step wise rise n calcrum excretton
which subsided when the growth hormone was withdrawn In Figure 41
shown the plete balance of hosphorus and calerum You will
note that there was a negative phosphorus and calcium balance the loss of
calcium and phosphorus bemg 1n the same proportion as these sons exist
i bone If there was any change a shghtly negative mitrogen balance re
sulted

We can conclude from this experiment that growth hormone induced
osteolysis m this patient which effect we nterpret to be due to an increased
growth of the tumor At a later stage this patient was given TSH which
induced some stmulation of thyroid function but it faled to have 2y
effect on calcium excretion Further observations are obviously necessaty

J FURTH (Children s Cancer Research Foundation Inc) The prevalent
procedure used mn analyzing the complex deficiency created by hypophy
sectomy 1s based on 1 pts to 1solate diff \: from
the pitmtary There are other possibil The one exp
sists of separating the pituitary mto its morphologic units that 15 mnto 25
many functional cell types as this organ possesses This can be done by
producing monomorphous hormone secreting pituitary tumors euther by
a carcinogen as 10nizmg wradiation or by a specific deficiency of on¢
prtustary hormone left uncompensated over very long periods of time (more

lored by us* con

¥ These mvestigations are being supported by Grant C 2259 United States Publc
Health Services
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than half of the lfe span of the amimal) The latter results 1n a com
Pensatory tumor like hyperplasia of the corresponding tropic cell and this
cell mass can be grafted on histocompatible hosts with a similar target
hormone defictency

The tumors which have been best studied are thyrotropic and these have
been induced by destruction or removal of the thyroid or blockage of
Synthests of the thyroid hormone Next well known are the adrenotropic
tumors of which threc strains were 1solated They are essentially alike afl
¢ausing a marked obesity hypertrophy of the adrenal (Figs 5 6) without
2ny stumul. of other end glands 1 of the thymus atrophy
of the spleen and lymph nodes +4 y to end
S2prophytes polydypsia and polyunia (with about 10 times the normal
unne output) Al these changes can be reversed by adrenalectomy which
Tesults i a spectfic enhancement of the growth of these adrenotropic tumors
These tumor cells are not only devoid of other types of secretions but are
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at the upper limuts of normal ndicating the patient was n remssion When
growth hormone was given there was a step wise nse i calelum excretion
which subsided when the growth hormone was withdrawn In Figure 4 13
shown the complete balance of nitrogen phosphorus and caleium You will
note that there was a negative phosphorus and calcium balance the loss of
calcium and phosphorus bemng mn the same proportion as these 1ons eust
m bone If there was any change a shightly negative mtrogen balance ¢
sulted

We can conclude from this expermment that growth hormone induced
osteolysis 1 this patient which effect we iterpret to be due to an mnereased
growth of the tumor At a later stage this patient was given TSH which
induced some stimulation of thyroid function but it farled to have any
effect on calcium excretion Further observations are obviously necessary

s FurtH (Childrens Cancer Research Foundation Inc) The prevalent
procedure used n lyzing the defi y created by hypophy
sectomy 1s based on ck 1 pts to 1solate diff b from
the pitutary There are other possibiliies The one explored by us* con
sists of separating the pituitary nto its morphologic umits that 15 mto as
many functional cell types as this organ possesses This can be done by
prod phous hormone g pitwtary tumors either by
a carcinogen as romzing wradiation or by a specific deficiency of on¢
pitustary hormone left uncompensated over very long periods of ttme (more

"+ These investigations are being supported by Grant C 2259 Unuted States Public
Health Services
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unable to compensate for them 1n hypohysectomized hosts (Experiments
withDr E Anderson and R C Bohn )

One transplantable tumor (Strain 7) causes 1 marked somatotropic
combined with some thyrotropic, stimulation The weight of these tumor
bearing animals mcreases by about eighty per cent (Fig 7) The hiver and
heart werghts are nearly doubled In the liver there 1s a tremendous 1ncrease
m sze of parenchymatous cells which increase envolves both cytoplasms

MEAN WEIGHT IN MIGE BEARING TUMOR (7)
PASSAGE Ic 9

80DY WEIGHT GAIN ORGAN WEIGHT
AT DEATH

w

AVERAGE TUMOR
WEIGHT 30 gm

WEIGHT IN GRAMS

‘
23 I3 1
+ dmmem T ndn

~.
———
'

20 + LEGEND
142 182 — EXPERIMENTAL
DAYS AFTER TUMOR GRAFT == NORMAL

Fla 7 The gamn n total body kidney spleen and thyroid weights of
2oimals bearing grafted complex putwtary tumors (Stramn 7) The numbers
In parenthesis indicate the number of antmals 1n the respective groups The vert
<al lines show the range of body weights the connecting Iines the means The
toerease of liver weights of tumor beartng animals 1s of about the same order of
Magnitude as that of kidney weights

and nucler There 1s a marked mcrease of basophilia indicating greatly
enhanced DNA and RNA synthesis there are also many mutotic figures
ndicating true growth (Figs 8 9) The size of the spleen 15 increased by
51010 fold this 15 due pumarily to erythroporesis as Dr Dougherty de
Stribed 1n ammals receiving growth hormone The mucroscopic appearance
of the spleen does not suggest sequestration of erythrocytes None of the
anmals bearng different types of transplantable pitustary tumors have such
greatly enlarged spleens There 1s an associated extensive hyperplasia of the

ne marrow evidence of erythrocyte destruction 1s wanting Thus 1t seems
that the growth hormone m question stimulates erythropotesss Unhike the
2umals bearing corticotropic tumors the hosts of somatotropte tumors are
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not obese The mammary glands are shghtly stimulated Homologous
anabolic hormone 1s certanly not towic Amimals beaning such tumors are
laree but as healthy and actine as an ammal beanng any transplantable
tumor that I have studied Consequently the toxic changes by growth hor
mone used 1n an alien species and reported yesterday are I believe a for
eten protem tntocation
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Fic 10 The ch of al
Wmor These tumor cclls are either chromophobic or have coarse acidophilic
granvles (X112 5)

The most recent members of our transplantable pituitary tumor series are
mammotropic (Fig 10) Several such strams are available Common to
all s a ducto-alveol of the y gland with secretion
(Figures 11 12) None sumulates the thyroid gland gonads or adrenals
but some also have somatotropic properties with liver (Fig 8) and spleen
(Fig 13) changes as described for the growth hormone They tend to be
aaidophilic and the newest member (Strain 8) 1s markedly acidophilic The
obsenvations thus far pont to some relation between somatotropic and
Mammotropic effects but also mdicate the mdependence of the respective
functions

Dr Houssay informed me that he has produced gonadotropic tumors m
the rat by gonadectomy 1nd 1s now at the stage of transplanting them Thus
™ the near future almost all types of hormone secreting prturtary tumors
Wil be available It 15 evident that these monomorphous and in part
monohormonal tumors offer new possibiliies for the isolation of pure
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Fic 12 Ducto-alveolar hyperplasia of the mammary gland in the inguinal
fegion with small part of adjacent inguinal lymph node of a mouse beanng a
facto somatotropic tumor graft
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moderate erythropotetic activity with many megakaryocytes (X112 5)
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fer R LN
Fi6 11 Ducto alveolar hyperplasia of a mouse bearing a small grafted lacto-
somatotropic prtuitary tumor

Bl

piturtary hormones and for the study of fund 1 physiologic p
such as those reported here during the past few days

Iam optimistic Dr Fell with respect to the possibilities of growing such
monomorphous tumors 1 vtro The problem 1s to provide the spectfic
phystologie stmulants and to remove the physiologic antagonists, €& a
tempted growth of thyrotropes calls for the plasma of athyroid ammals If
the source 1s human hormone secreting tumor human hormonal proteins
will be produced

EDWIN A MIRAND (Roswell Park Memorsal Institute)  Lattle attention has
been paid to the possible influence of growth hormone on tumor gro\ﬂ?
In our studies with mice bearng transplantable mouse tumors particularly
adenocarcmoma of the breast we have shown consistently that the adﬂ"‘"‘

istration of growth hormone to these animals will cause an increase mlt e
growth constant & decrease of 20-25 per cent 1n the cell number doub! mér!
qme or mean mtermitotic time and a sigmficant decrease it lheﬂ:\lz:

Latent period The foregoing effects of growth hormone on the growth ¢
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Human Studies with Purified Pituitary Growth
Hormone Preparations *

Lavrance W Kinsell
Insttute for Metabolic Research of the Highland Alameda County Hospital
Qakland Califorma

Our expenence with pittary growth hormone evaluation 12 human sub
Jects dates back to 1948 At that ume usmg matenial prepared by Dr L
%e carned out balance studtes 1n three normal young adult males under

trolled bolic ward d, In all three pyrexa and malaise
appeared during the administration of the pituitary growth hormone  and
metabolteally there was a net loss rather than a net retention of mitrogen
and other constituents of protoplasm (Fig 1) It was concluded that the
observed effects were consistent with those which would result from the
ad of many pyrog foreign protems and that if any true
growth hormone were present 1ts lic effects were pletely masked

In 19491950 studies using pituttary growth hormone prepared by
Drs Hays and Steelman and their assocrates of the Armour Laboratories
also failed to produce any metabolic effects which could be construed as
being compatible with growth promotion (Fig 2) In these studies as well
# those carnied out with Dr Lis matertal the pitutary denivative under

% was mtr 1y

In 1952 3 study was carried out using one of the same preparations
¥hich had been evaluated 1n 1950 There were three significant changes m
the metabolic program at that time the first being that 4 patient with no
thyrord tissue was the subject chosen the second that the material was
admmistered by continuous intravenous dnip rather than by intramuscular
admunistration and the third difference lay in the fact that the patient was
LT

N These studies have been carried out mn association with Drs George D Michaels
1 2dine Foreman Harry E Balch and with the techncal assistance of Etsuko Osawa
ne Bilisoly Maryorse Coelbo Florence Olson and George Fukayama
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stant, mtermtotic time and tumor latent pertod, as well as the ncrease on
body weight and organs of these ammals can be counteracted by the ad
mmustration of ACTH or cortisone The antagomstic action of ACTH to
growth hormone was further d rated in hypophy d rats This
simuilar antagonsstic effect 1s not seen m adrenal d rats or adrenal
tormzed mice with transplantable tumors This antagomsm of ACTH and
cortisone to growth hormone might explain the confhctmg results of some
studies usmng growth hormone particularly preparations contaming ade
quate traces of ACTH

Studies were carned out to determine whether growth hormone when
admumstered to fasted mice with transplantable tumors covid sull
fluence tumor growth Prelimnary studtes show that growth hormone does
have a stmulatmg effect on the growth constant mtermuolic tme and
tumor latent period It seems that growth hormone can produce effects 11
dependent of caloric intake
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1950 studres) Negative calenim and phosphorus balances alsa were noted dur
™8 pituitary growth hormone admustration
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PITUITARY GROWTH HORMONE STUDIES
IN NORMAL HUMAN CONTROLS
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Fio 1 Hyperpyrexia and increased mitrogen excretion m 3 normal ma{;e!s’;
tents dunng admnistration of pitutary growth hormone (1948 ls)m i
Hyperglycemua resulted n Patient CRI during the administratton of 50 :Icl:]snc

prtuttary growth hormone per day Testosterone produced its charac!
anabolic response in this patient

mamtamned on a synthetic formula diet It was made up entirely of pm(:lcn
and fat supplemented with essentiil munerals and vitamins whcrea; gm
vious studies had been carried out with patients mamtamed on a mixé

A significant growth effect was ob d m terms of ct 1 chang}c;
(retention of mtrogen potassium and phosphorus) and m terms of weig!
8l (rs ) butable

Whether the effects obtamed i this patient were prrmanly atttl et
to the Jack of thyroid tissue or to the intravenous admnistration Dh e
ry preparation and whether the unusual nature of the diet might ha

1ta)
e f any significance 1t 1s unpossible to say at the present m¢

been o
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Later in 1952 other growth | parations  were
mtravenously to other pattents including malcnals prepared by Dr Raben
and his associates and matenals obtamed from Dr Steelman and his asso
crates (Armour Laboratories) who used the Raben techmique 1n the
preparation The results of these studies are shown 1n Figures 4 A B C
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Fic 4A Lack of conustent changes in copstituents of protein tissue w a
quent recewving prustary growth hormone” (Raben) No effect on circufating
or unnary 17 ds was observed
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Fic 3 Apparent retention of nitrogen potassium and phosphorus dunng
administration of  prtuitary growth hormone to a patrent with my‘ttdﬂ&lﬂ)
There was a gamn tn weight duning the pretreatment control pertod 3 Pou'ti:)
and dunng treatment with Armours pituitary growth hormone (9 pount

A weight loss of 4 pounds occurred followmg the omussion of A

rmour s

pitustary growth hormone
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have occurred 1n others One lot of growth hormone with a low ammal
assay for thyrotropin on the second day of admmustration produced major
tenderness i the nech By the thied day the tenderness was intolerable and
was himuted precisely to the outline of the thyroid gland The tenderness had
disappeared by the third day following discontinuance of hormone admn

sstration
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Fic 6A Diabetogenic effects of pittary growth hormone 1n a human
diabetic

One metabolic study has been carned out 1 a patrent with diabetes of
moderate degree Sigmificant accentuatron of the diabetic state occurred 1n
terms of increased glycosuria Dunng this penod of increased urinary sugar
there was negligible change in the excretion of urinary mtrogen A moderate
merease 1 17 ketosterords hittle change 1n cosophuls and a sigmificant
1ncrease 1n 1odine uptake ind d some th pin and
gonadotropin contamination (Figs 6 A B) The total

nd p shght
changes would sug
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With neither preparation was there any change which could be called 2
significant protein anabolic effect In the case of the Armour matersal there
was obvious and major ACTH contammation which concetvably may
have obscured other eflects of co existing hormonal matersals
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Fic 5 Nitrogen retention and modest werght pamn with prturfary growth hor
mone (Merck Lot 53R5385) admymstered by 1 v dnip

Several studies have been carned out during the peniod 19531954 \ésrllr;g
different fots of hormonal matertal obtained from a vanety of sour;crs k ]n.‘
one of them that prepared by Drs Folkers and Br‘mk th' !hcbl\:cccﬂm
sttute, has shown a farly sansfactory and P ==nnmf>mmm\s
(Fig 5) Pyrexia has appeared 1n some wdrviduals and allerg!
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Discussion

On the basis of the work carried out to date with pituttary growth hor
mone one mught wonder at least msofar as the human 1s concerned
whether a true pituitary growth factor actually exists He need only observe
the unfe dividual with ly (or gigantism) associated with
2n eosmophilic adenoma or hyperplasia of the anterior pituitary to be
assured that there s a growth promoting material of pitwitary ongin which
exerts a profound and apy 1 \} d bolic effect 1n the human
subject

Some major questions require answers m regard to growth hormone with
particular reference to man

1 What 1s the normal role of growth hormone?

2 Is one correct n the assumption that a single hormonal entity when
ssolated and avarlable 1n adequate amount will produce a potent anabolic
effect, as will testosterone and other anabolic steroxd hormones or may it
be that 1n order for growth hormone to produce its overall anabolic effect
a favorable hormonal climate must be present 1e certam other hor
tmones must be supphed 1y in proper 7

3 May species differences account in part for the difficulties so far
encountered?

4 Are pitutary growth hormone and the non ACTH pituitary - diabeto
gemc hormone identical or separate?

Our own thoughts regardimg the answer to question one is shown n
Figure 7 On the basis of observations n normally growmg children and
n pitustary dwarfs 1t seems probable that pituttary growth factor 1s vitally
concerned with normal growth prior to puberty and that the pubertal
growth spurt 15 attnbutable largely to the steroid growth factor There 15
some evidence suggesting that other factors being equal the level of the
morgamie serum phosphorus serves as an ndex to pituitary growth hormone
production and/or effect The phosphorus level 1s high pnior to puberty
falls to the normal level dunng puberty and can be brought to normal in
acromegalics and grants by the admmistration of anabolic sterods This
then may be mterpreted as mdicating that wath the onset of puberty the
Production of pituttary growth 15 mhubited to 2 sig degree
thereafter The fact that no fi of serum phosphorus oc
curs 10 the female after the menopause mrght suggest that ats production 1s
not resumed 1n significant amounts at this time One might add that the
Progresston of senescence 1s even more suggestive of such an interpretation
Dr Hamilton tells us that 1 young adult males following castration
the serum phosphorus level promptly mcreases? This suggests a post
castration increase in pituttary growth hormone production n young
subjects

Regarding question two 1t would seem most unlikely to us that multiple
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Fic 6B Effects of pituttary growth hormone upon mitrogen sodwm and
potassium balances i a human drabetic

gest that the diabetogenic effects were attnbutable chiefly to a pituttary
factor other than ACTH and that the growth hormone content of the
matenal was to whibit d protein bal, which should
otherwise have occurred as 2 Tesult of the increased loss of sugar m the
urme Additional studies are underway using pitwitary growth hormone
without co-admimstration of insuln
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Discusston

On the basis of the work carried out to date with puwitary growth hor
mone one mught wonder at least msofar as the human i concemed
whether a true pitwstary growth factor actually exists He need only observe
the unfortunate mdnadual with Iy (ot ) d with
an eoswophihe adenoma or hyperplasia of the antenior pituitary to be
assured that there 15 a growth promuung mau: nal of pitwstary ortmn wiuch
eXLTIS 3 P d and app bohe effect m the human
subject

Some major questions require answers m regard to growth bormone with
particular reference to man

1 What 15 the normal role of growth hormone?

2 s one correct in the assumption that a single hormonal entity when
isolated and avalable in adequate amount witt produce a potent anabolic
effect as will testosterone and other anabohe sterord hormones ©r may 1t
be that 1 order for grawth hormone to praduce 1 averall anabohc effect
a favorable hormonal chimate must be present ye certan other har
mones must be supphied i ly 1o proper 7

3 May species differences account wm part for the difficulties so far
encountered?

4 Are pituntary growth hormone and the non ACTH pitwtary  dabeto
gemse  hormone identical or separate?

Our own thoughts regardmg the answer to question ope 15 shown m
Figure 7 On the basis of observations mn rormally growing children and
m pituttary dwarfs 1t seems probable that pitustary growth factor 15 vitally
concerned with normal growth prior to puberty and that the pubertal
growth spurt 15 attmbutable largely to the sterord growth factor There i
some ewidence sugpesting that other factors bemng equal the level of the
norgante seram phasphorus serves as an mdex ta pitwtary growth hormone
production and/or effect The phosphorus level is high prior to puberty
falls to the normal level dunng puberty and can be brought to normal m
acromegalics and grants by the admuustration of anabolic steroids This
then may be snterpreted as mdicating that with the onset of pubmy the
production of primtary growth h 1 mhabated 10 a degree
thereafter The fact that no 1 of seram phosphorus oc
curs 1n the female after the menopause mught suggest that ity production 1§
not resumed i sigmficant amounts at this tme One might add that the
progression of senescence 1s even more suggestine of such an mterpretation
Dr Hamilton tells us that m young adult males followng castration
the serum phosp jevel promp * This suggests a post
castrahion ancrease n puutary growth bormene production . young
subjects

Regarding question twa 1t would seem most unlikely to us that mualtiple
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hormones must be co admmstered m order to produce any significant
anabolic effect On the other hand the evidence for multiple pituttary
dysfunctions 1n patients with acromegaly 1s well known

As 1n question 2 1t would seem to us qumie improbable that the answer
to question 3 1s in the affirmative However 1t still remams to be finally
excluded

Regarding question 4 1t would seem to us that there 1s considerably more
evidence against, than for the thesis that pituitary growth hormone and the
non ACTH pituitary diabetogenic factor are idenucal In Figure 8 1s
presented diagrammatically a concept based upon duality rather than unity
Growth requires energy If one conceives of the diabetogenic factor as
having s 1ts normal function the mobilization of fat and fat denivatives for
this purpose with resultant formation of small molecular fragments wuch
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KETONES
€T AL

PGH~PDF RELATIONSHIPS
{1954)

Fig 8 It s postulated that the pstustary dabetogearc factor is concerned with
enetpy mobihzation for support of growth

requure insulin for thewr towal gudation the normal function of this factor
would be appatent and is abgity to produce the diabetic state 1 an mnd
vidual with beta cells of fess th1n normal vigor would be explamed

It has been suggested that the pitusary diabetogenic factor (PDF)
may act via lhe a cells of e g with i mcreas: m gh

1y we have d gl dly 1o non

dmbetm and dibene subjects dunag complete fost No wignficant effect
on blood sugar or ketones was observed m the non diabetics {as compared
toa control fast in the same subject) Extreme accentuanon of byperke
tonemr occurred i a dmbetic patient (Figure 9) There was only a
moderate inctease 1a hyperglycerma as compared to the control fast No
wmsalin was admimstered to the diabetic dunng enher the control fast or
the glucagon fast ¥f ghucagon were the enmesgy mobiizer 1 sespomse
to the stimulation by the pauttary dwbetogeme factor  such an effect
would be expected 1 an nsubn dependent mechapism

The strongest argament agamnst the concept of the action of PDF via
the o tells 1s the production of mereased hyperglycermua m pancreatects
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PATIENT EOM AGE 19 YRS
DX- DIABETES MELLITUS
720/54-8/6/54

o= - CONTROL FAST

*——= FAST WITH GLUCAGON
095 MGM Q 4HRS

a0
4}
Wo
So
ne
te
ad
=}
=33
o6
@z
£3
29
2]
as
o=
92
= rofy - o
P 5 o o om
& 1Z 16 24 S0 35 42 45 34 60 66 72

HOURS

Fic 9 Production of keto acidosis with glucagon 1n a fasting diabetic without
antecedent or proportional increase 1n blood sugar

muzed anumals following the admuustration of punfied pituttary growth
hormone

Recently we have carried out hypophysectomy n a selected group of
juvenile diabetics with progressive vascular disease All of these patients
had high msuhin requirements prior to surgery and all have had rapid and
major decreases wmn msulin requirements followmg hypophysectomy

Adrenalectomy carnied out 1n similar patients by Hamwi® and Conn ¢
results 1n Iittle or no d 1n insulin req Both the hypophy

d and the adrenal d patients received maintenance amounts

of corticords following surgery

These observations would suggest strongly that in spontaneous and
severe juvenile diabetes the pitustary factor resp ble for insulin
1s not ACTH but the pitustary diabetogenic factor  associated with growth
diabetes, then 1s habitually d with hyper production of

1f juvenile
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ths factor and if the growth factor and diabetogemc factor are identical one
should expect a high d of galy or m juvenile
diabetics This 1s not the case and 1t 15 suggesnve evidence certamly that
the growth factor and the diabetogenic factor are not one and the same

In conclusion 1t would seem to us that despite the vicissitudes which
have beset everyone who has worked in this field there 1s good reason to
pursue such work until a suitable set of answers 1s found The problem can
only be solved by objective collaborative activity between protem chemusts

)2 and chimical physiol

References
1 Hamilton Joseph B Personal communication
2 Lukens F D W Can Med Assoc J 65334 (1951)
3 Hamwi George Personal communication
4 Conn Jerome Personal communication



29

Metabolic Studies of the Action of Growth Hormone
{Somatotropmn) in Man*

Ephraim Shorr Anne C Carter, Rickmond W Sputh Jr,
Byrl J Kennedy 7 Richard J Havel Thomas N Roberts
Lawrence L Sonkin and Ernest T Livingstone With the
technical assistance of Vincent Toscant Estelle Stevens
Viola Davis Mary Dittbrenner and Mary P Martin

Russell Soge Institute of Pathology The Depariment of Medicme Cormell
Unwversity Medical College and The New York Hospital New York

Although the growth promoung properties of crude anterior pituitary
extracts had been demonstrated by Evans and Long as early as 1921 ! and
L1 Evans and Stmpson had succeeded 1n 1944 1n 1solating 1 specific protem
with these properties from the anterior pituitary 1t was not until 1948 when
Wilhelmt Fishman and Russell* developed a procedure for crystallizing
growth hormone n good yield that a wider exploration of its biological
properties i animals and man was possible In the mtervenmng years a rch
Iiterature has accumulated on the effects of this hormone 1n ammals not
only on growth but on a wide vanety of metabolic processes as well Evi
dence for 1ts action 1n man 1s on the other hand meager and nconclusive
The available data on human subjects are 1n conflict as to whether growth
hormone can acheive protein or other anabolic effects or influence carbo-
hydrate metabolism ¢ 678210111 13

The purpose of this report 1s to present the data obtained during the past
six years on six human subjects who recerved crystalline growth hormone
(somatotropin) prepared by the Armour Laboratories according to the
S Axded by grants from the Playtex Park Research Institute and The New York
Foundation Inc We are indebted to the Armour Laboratones Chicago for the

somatotropin used mn these studies.
+ Damon Runyon Fellow
522
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method of Wilhefmu Fishman and Russell The subjects were studied m the
Research Metaboltsm Ward of the Russell Sage Institute of Pathology and
were under strict dietary control throughout the perrod of study

Pian of Study

The three major problers involsed m the detaled design of this study
were (1) the selecuon of subjects who mught be most appropriate for the
study of the action of somatotropin (STH) (2) the chowe of metabolic
wndices which were most hhely to be responsive to the hormone and (3)
the praviston of a dietary antake whose composttion would be favorable for
the demonstration of its anabolsc properties

The 1deal subject would seem to be one who s normal m all respects
except for a deficiency i growth and without a genetic factor himting
the capacity of the ussues to sespond to a growth stmulus However 1n
addition to the afficulty of sgeunmg reltable crtena for making such judg
ments m the case of man subpcts are not atways avadable who are
tadored to one s needs The six subjects four males and two females had
one feature i common short stature as compared to the mean for thetr
age In Table 1 some of the data are given of the growth and endocrine
status of these subjects a more complete account of each subject s gnen
below Two of the six had dmmshed thyroid funchion a ewcemstance
which provided an opportunity to determme whether the action of STH
nught be dependent upon the presence of the thyroid hormone Four of the
subjects were puberal n two gonadal function was absent Four of the
subjects showed some degree of mnsulin sensiivaty none had any demon
strable disturbance in electrolyte metabolism Ome had platybasia another
2 muld osteochondrodystrophy one a famdy hustory of shost stature with
two cousins who were dwarfed and one had a cramopharyngtoma which
had previousty been aspirated for the relief of ncreased sntracranial pressure

The metabohe mdices were selected for measurement on the basss of the
action of STH 1 ammals in augmentiag the storagc of protemn phosphorus
and caleium m el g the serum hy and alhaline phos
phatase and m mducing contra msulia effects such as glycosuna impawed
glucose and 3 msulin In view of the possible

of the STH prep with other hypop
measurements were also made throughont the study of thyroid adrenal and
gonadal function

The following data were obtamed  daly height weight flmd intake and
unne output contimueus metabolic balance studies for mtrogen calctum

us sodwm and p basal metabolic rates and m the
femate sub;ects vagal smears every other day Blood Studies serum
Y h alkahm: p calciom total protemn sodium

protemn bound rodme carbon diowude
combmmg power and urea mtrogen coswophil counts and glucase and
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Metabolic Studies of the Action of Growth Hormone
{Somatotropn) in Man*

Ephraim Shorr Anne C Carter, Richmond W Smuth Jr
Byrl J Kennedy 1 Richard J Havel Thomas N Roberts
Lowrence L Sonkin and Ernest T Livingstone With the
technical assistance of Vincent Toscans Estelle Stevens
Yiola Davis Mary Dittbrenner and Mary P Martin

Russell Sage Institute of Pathology The Department of Medicine Cormell
University Medical College and The New York Hospital New York

Although the growth promoting properties of crude anterior pituttary
extracts had been demonstrated by Evans and Long as early as 1921 ! and
L1 Evans and Simpson had succeeded 1n 1944 1n isolating a specific protein
with these properties from the anterior piturtary 1t was not until 1948 when
Wilhelmn Fishman and Russell® developed a procedure for crystallizing
growth hormone in good yicld that a wider exploration of 1ts biological
properties 1n animals and man was possible In the intervening years a rich
Iiterature has accumulated on the effects of this hormone n ammals not
only on growth but on a wide vanety of metabolic processes as well Evt
dence for 1ts action 1n man 1s on the other hand meager and inconclusive
The available data on human subjects are m conflict as to whether growth
hormone can acheive protemn or other anabolic effects or influence carbo
hydrate metabolism 48678910181 13

The purpose of this report 1s to present the data obtamed during the past
six years on six human subjects who received crystalline growth hormone
(somatotropin) prepared by the Armour Laboratortes accordmg to the
¥ Arded Rese: te and The New York
o e b o et 10 the Atmour Laboratoncs. Chitago for the
somatotropin used 1n these studies

+ Damon Runyon Fellow
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method of Dunger 2* Basal metabolic rates were done with a Sanborn
Waterless Metabolism Tester and calculated from the Aub DuBois stand
ards Vagmal smears were stamned by the method of Shorr ?

The Armour pin which 1s prepared from beef prtuttanies was
diluted without shaking with from 15 to 3 ml of either sterile distilled
water unbuffered phystological saline or with some lots physiological
saline buffered to pH 11 0 m order to achieve on muixng a pH of 93 at
which this STH 1s soluble Approximately 109 of the total mitrogen per
vial of lot G411 did not go 1to solution and 1t was necessary to centrifuge
each vial after diluting Only the supernatant was injected Lots HI802
and H1902 both representing aliquots of the same preparation were re
cewved m the frozen state from the Armour Laboratortes A portion was
kept frozen and thawed just before use the remainder was Iyophilized mn
our lab y The sol of lyophilized STH were always made up 1m
mediately prior to their mtramuscular mnjection half the daily dose being
given 1n the morning the remawnder 1n the evening The pork growth hor
mone of Raben and Westermeyer which was hndly furmished by these m
vestigators was prepared for mjection in the following manner to a 3 day
supply stenle distilled water was added equal to 2 ml per injection  The
muxture was stirred with a sterile glass rod while concentrated HCl was
added dropwise from a capillary tube until the hormone went 1nto solution
A drop was tested with bromphenol blue paper to ensure that the pH lay
between 3 0 and 3 5 Thus solution was then kept in the refrigerator and used
up over a three day period

Results

The first subject LF (f) NY H 479 918 was 14 years 7 months old
at the tume the study was begun mn 1948 She had been small since mfancy
and linear growth had always been apprecrably below normal standards
with however no delay m walking talking or 11 mental development
Previous therapy with desiccated thyroid (90 mg per day) had not altered
her growth rate Thyrod therapy had been discontinued several years prior
to this study Breast development began 12 months and pubic hair had
appeared 6 months before her admission but she had not as yet menstru
ated Her parents were short her father measunng S feet 6 and %2 mches
:ud:er mother 5 feet 3 inches but 3 younger siblings were of normal

eight

Physical Exammnation on Admussion Weight 29 3 kg hesght 136 6 cm
sitting height 692 em  arm span 136 5 ¢m The bodily contour was pre
puberal and symmetncal and the nutntional status good (Fig 1) There
were a few hairs on the labia majora but no axillary hair growth The outer
half of the eyebrows were thin The breasts were small and conical and no
glandular tissue was palpable Blood pressure was 90/58 There were soft
systolic murmurs at the apex and pul regions regarded as fi
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msulin tolerance tests Urinary Analyses daily mitrogen, glucose, acetone
bodies creatine and creatinine weekly output pooled for phosphorus
crleium sodium  potassium  sulfur, citric acid and 17 ketosterord excre
tion biweekly creatine tolerance tests on creatine creatinine free diets and
11 oxysteroids

The composition of the diets with respect to mitrogen phosphorus, cal
ciim sodium and potassium was such that all the subjects were in positive
balance for each component during the control period prelimmary to the
adminsstration of STH Adequate calories were provided to mamntamn weight
The diets were supplemented with vitamms to the extent of half the cur
rently pted daily req The not g d d
thyroid were given 13 mg iodine daily 1n the form of syrup of hydnodic
acid

Methods

The methods used m this study were those routmely employed on the
Metabolism Ward of the Russell Sage Institute of Pathology 14! 19

The metabolic balance studies were carried out for seven day periods
They were not begun until the subjects were well adjusted to their diets and
had been recewving them for at least 7 days Each subject recerved in rota
tion three different daily menus which were approximately 1socaloric and
contained nearly equal of nitrogen phosphorus calemm sodium
and potasslum One creatine creatmine free diet was provided for each
subject and used during biweekly creatine tolerance tests The caloric and
muneral contents of the diets were calculated from the values given m Sher
man 17 sodium and potasstum values were obtamned from the Mead Johnson
tables '8 From time to time during the experiments the diets were analyzed
by the 1 toto method the results were n sufficiently good agreement with
the calculated values to validate the use of the latter

Urine specimens were preserved by refrigeration the 7 day pooled spect
mens were made up of aliquots of the 24 hour collections and acidified with
10 ml of concentrated HCl The 11 oxysterotds were analyzed by a modifi
cation of the method of Daughaday et al 1 urnary gonadotropins by the
method of Gorbman ¢ or Smith et al 2!

All blood samples were drawn i the fasting state The serum alkaline
phosphatase was analyzed by the pt Iphthalein hosphate method
of Gutman 2 chlonides by the method of Schales and Schales 3 carbon
dioxide combming power by the method of Van Slyke and Cullen ?* choles
terol by the method of Schoenheimer and Sperry 3 and protemn bound 1odiné
by the method of Barker etal ©Blood sugars were analyzed by the method
of Nelson?? using finger tip blood Oral glucose tolerance tests were em
ployed the subjects receving 175 g glucose per kg For the intravenous

lerance tests 0 03 to 0 1 umt of msulin per kg were given

lnS}l;EI;“:gphﬂ counts were done on chilied hepannized venous blood by the




MAMMARY GLAND AND HUMAN MFTABOLISM 527

Thyrowd status BM R minus 20% serum cholesterol 352 mg o serum
protein bound todme 58 gamma % I'* excretion mn 48 hours 74 4%
Adrenal status Serum sodium 136 5 potissium 50 chlondes 108 and CO
combining, power 28 mEq /1 eosinophuls 127 per mm’* with an §0% fall
following a 4 hour tramuscular ACTH test normal response to 4 day salt
withdrawal test urinary 17 ketosteroids 2 47 mg and 11 oxysteroids 092
mg per 24 hours mild insultn hypersensitivity (see Fig 3) Gonadal func
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Fic 2 LF (f) 14 yrs 7 mos On constant daily intake of 2 102 calones
894 g protern (143 g nitrogen) 1619 g phosphorus and 1500 g calerum
Durning the 9 week control period which served as the baseline for STH studies
the subject was i positive balance with respect to mtrogen of 9 01 g per week
to phosphorus of 1078 g per week and to calcium of 1281 g per week In this
as well as subsequent Figures the metabolic data obtained during or after the
adminsstration of STH are charted as positive or negative deviations from the
control values The total storage of N P and Ca dunng any peniod may be
obtained from the algebraic sum of the postive values during the control pertod
and the deviations observed durmg or after STH admiustration The serum
morganic phosphorus and alkaline phosphatase values represent individual de

ter the strarght h line the average of the control
periods
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¢l 66 cm
'YH 479 918 Pre treatment status  Age 14 yrs 7 mos Ht 13
Fio 1N Wi 293 kg

ta on Admission The unne was negative for albumn and
sugl;z:boRI:r‘xZ?ﬂ:Ir’:uon maximal concentration 1 018 dilution to 1 00% (}:’SP
80% 1 2 hours, urea clearance 60% Hemogram Hb 135 g Rl d “c:
4 4 million per mm*  hematocrit 41 W B C s 8 700 with a normal di o
1 count EARG normal, with sinus wrregulanty Visual fields non:
;“r‘;‘y Z! skull normal Bone age 10 years 9 months (Todd s standards)
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Thyrowd status B M R munus 20 serum cholesterol 352 mg % serum
protemn bound sodine $ 8 grmm: % 1™ excretton i 48 hours 744%
Adrenal statur Serum sodiym 136 5 potassium 50 chlondes 108 and CO
combuning poner 28 mEq § cosmnophuls 127 per mm' wah un 809 fall
foliowing & 4 hour mtramuscular ACTH test normal response to 4 day salt
withdrawal test upnary 17 hetosterouds 2 47 mg and 1i-oxysterods 062
mg per 24 hours muld nsuhn hypersensitivity (see Fig 3) Gonadal fune
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Fio 2 LF (f) 14 yrs 7 mos On comtant dady intake of 2102 calonies
894 g protem (143 g mtrogen) 1619 g phosphorus and 1500 g calewnm
Dunng the 9 weck controf period which sereed as the baselne for STH studies
the subject was 1n posiive balansce with Tespect to nitrogen of 901 g per week
1o phosphorus of 1 078 g per week and to calcium of { 281 g per week In fhis
23 well as subseqy Frgures the data ob: d duting or after the
adawnistration of STH are charied as pomtive or negative deviattons from the
coutrol values The torel starage of N P and Ca dunng any peniod may be
obtaned from the algebraw sum of the pouttive vatues duning the control pentod
and the deviatsons observed during or after STH admimstration The serum
morganie phosphorus and atkaline phosph values represer dual

‘;:lmgahons the straight honizoutal lme representing the average of the control
Ti0dy
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tion vaginal smears, atrophic urmary gonadotropmns less than 5 mouse
units per 24 hours Blood serum calcium 11 Omyg, % norganic phosphorus
531mg %, alkaline phosphatase 79 Bodansky umits total proteins 691 g
% Results of sugar tolerance and 1nsulin tolerance tests are given elsewhere
(see Fig 3)

The data relating to mtrogen, calcium and phosphorus balances and the
serum morganic phosphorus and alkaline phospt levels are p d
n graphic form i Figure 2 Throughout the study she was on a constant
dretary 1ntake of 2 102 calories made up of 89 4 g protem, 1039 g fat
202 4 g carbohydrate and contammng 1 500 g calcium and 1 619 g phos
phorus per day This diet was adequate to mamtam average positve bal
ances of mtrogen 901 g calcium 1281 g and phosphorus 1078 g per
week during the 9 week control period which provided the baselne data for
the evaluation of the effects of STH Seven day balance penods were em
ployed throughout and are plotted to give the foral positive or negative
values for each seven day pertod 1n relation to the control level for each
dietary component Increases above the control values are plotted above,
and decreases below the baselne The serum norgamic phosphorus and
alkaline phosph values rep dividual deter the straight
hotizontal Iime representing the average of the control periods Two lots of
Armour STH were admmstered over a period of 11 weeks The total dose
administered per 7 day pertod 1s given at the top of the chart The daily
dose averaged 112 mg with a maximum of 300 mg per day Before the
hormone was given the panent was skin tested with Lot G411 and gave 2
negative response However, both lots of hormone used with this patient
induced considerable local tenderness and discomfort which was not relieved
or prevented by the additton of procamne to the STH at the time of mnjection
On one occaston, the njection of Lot HI902 was followed immedaately by
abdomnal cramps cough flush and a temperature nse to 38 2° C From
the bleeding apparent at the mjection site this was presumed to have re
sulted from the hormone having entered a vemn This episode was rapidly
terminated by an njection of epinephnine Th fter, the subject d
to tolerate the hormone well except for the local tenderness mentioned
above

The administration of STH was followed by a prompt anabolic effect on

which was 1 m the third week durng which

150 g of extra nitrogen were stored This was followed by a decline and
then a fall below the baseline with the i\ return of an anabol

effect of smaller magmtude A sumlar ncrease mn phosphorus storage

occurred with fluctuations which paralleled those observed for mtrogen An

increased retention of calcium was noted by the third week and persisted

with mnor fluctuatsons throughout the period of hormone administration

After STH was discontmued because of the development of frank gly
urred a sharp augmentation of storage of mitrogen and

cosuria there occt
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phasphorus along with the persistent mcreased setention of calowm A
Tetum 10 the watat control values did not toke pface untl the seventh weel
A sumilar ph after stoppmg STH was 2d in one other
patient i this study subject R V/

Dunng the perod of se1m ¢ phasp values
fell below the basehne values by an average of @ 3 mg per cent zad alka
Iine phosphatase rose shightly on an average of 06 B U After the hormone
was discontmued there was a slow steady increase i the alkaline phospha
tase which reached a maximum of 12 8 B U dunng the sixth week
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Oral glucose tolerance curves which were obtarned at tenvals throngh
out the study ate given 1 Fagure 3 They show the progresstve development
of 2 dhabetic glucose tolerance curve most marked at tne end of the cleventh
week after the subject had recewed a totat of 9 375 mg of STH and showed
2 frank glycosuna of 175 ¢ per 24 hours Repetition of the ghicose toler
aace curves 6 and 31 weeks after discontinwing STH showed a slow regees
sion towards control values The glycosuna on the othes hand disappeared
promptly on stopping therapy Insulm tolerance curves on the same subject
are also shown 1n Figare 3 The curve obtamed dunng the control penod
shoved a nsulin hyp 1ty Curve 2 d after eleven
weeks of STH ind d the develop of msulin

In view of the absence of detectable amounts of ACTH 1w the STH
preparations used in thus study the changes m urmary 17 ketosterads and
31 oxysteronds of this subject dunng STH admimistration were unexpected
Danng the control periods the 17 ketosteroids averaged 2 49 mg per 24
hours sad one determmation of 11-oxysterads pave a value of 092 mg per
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24 hours Durnng the seventh week of STH the 17 ketosteroid value rose to
595 mg and remamed at approximately that level through the tenth week
In the eleventh or last week of STH the level had risen to 9 65 mg and the
11 oxysteroids to 9 45 mg per 24 hrs After discontinuing STH there was
an abrupt fall n 17 ketosterotds to the control values where they remamed
throughout the remainder of the study (Fig 4) The 11 oxysteroid value at
the end of the study period had also fallen to the control levels There were
no changes 1n the absolute eosmophil counts duning the period of study In
no other subject recerving STH was there any significant changes mn uriary
17 keto- or 11-oxysterods

Sodium balances were positive throughout the study the average weekly
retention during the control periods was 4 032 g which mcreased to 7 532 g
during STH and tose o 9 443 g n the post periods This sodium retention
was not assoctated with any change in flurd balance or serum electrolytes
Potassium balances were postive throughout the period of study but no
correlation with mitrogen balances was apparent

Because of contamination of the STH preparations with small amounts
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of thyrotropin (TSH) thyroid function was carefully studied and she was
given an 1odime supplement of 13 mg daily throughout the study The basal
metabolic rate averaged minus 18% during the control penod minus 24%
dunng STH admumstration and mmus 1855 1n the post treatment penod
The serum cholesterol values which are given in Fig 4 showed a curious
slow fluctuation between extremes of 374 and 200 mg % unrelated to
medicaion The serum protemn bound todine remained withm the normal
range throughout From these findings 1t 1s evident that thyroid function
was unaffected by the STH despite its TSH content Assays of the STH used
m this study showed no with d hormones and
the vagmal smears remamed atrophic throughout the stud) The unnary
citric acid remained relatively constant

The changes 1n urinary creatimine were regarded as significant (Fig 4)
The average daily uninary creatimime was 0 639 g during the control pertods
0671 g duning the 11 weeks of STH and 0720 g for the 7 post treatment
perods the last value representing an increase of 13% over the control
level The extra nitrogen stored during this same period of time was equiva
lent to 4 6 kg of protoplasm or approximately 13% of the weght of the
patient at the time STH was given There were no significant changes m the
daily creatinuria or creatme tolerance tests

This subject recerved 67 calones per kg as compared with 51-56 calores
per kg taken by the other subjects in this study Her weght gam averaged
029 kg per week during the control pertod and 0 57 kg per week during
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STH therapy Her height increased 05 cm dunng the 9 week control
period 15 cm duning the 11 peniods of hormone therapy and 11 cm m
the 7 post therapy weeks In the ensuing 3 months she grew an additronal
07 cm Her subsequent history 1s as follows menstruation began at the age
of 17 and at the age of 19, with the epiphyses still open and a bone age of
15 years 3 months she had attamed a height of 1549 cm  an increase of
18 cm 1n the four years since receiving STH (Fig 5)

The second subject RV (f) NY H 586 955 was admtted 1n 1950 and
was studied for four years durmng which she received 10 lots of Armour
STH and one prepared by Raben and Westermeyer At the time of admis
sion she was 17 years 10 months old Since the age of 2 or 3 her rate of
growth and weight gamn had been below normal standards Deciduous teeth
were not lost until 12 years however there had been no delay in walking
talking or mental development Previous therapy elsewhere with desiccated
thyrord (60 mg per day) methyl testosterone (5 mg per day) mjections
of estrogens chorionic gonadotropic hormone and growth hormone had
not altered her growth rate Thyroid and methyl testosterone therapy were
discontinued two weeks prior to her first admission She had no axillary or
pubic hair and had not menstruated Her mother was 5 feet 1 inch tall
one paternal uncle 5 feet all other relatives were between 5 feet 4 mches
and 5 feet 11 inches m height

Physical Examination on Admission Werght 25 7 kg height 124 8 cm
sitting hetght 64 0 cm  arm span 121 8 cm The bodtly contour was mfan
tile and symmetrical and the nutritional status good (Fig 6) There were
a few fine hairs on the labia majora but no axillary hair The skin was dry
and rough The breasts were questionably enlarged probably due to fat The
gemtaha were infantile Blood pressure was 95/65 There were soft systohc
murmurs at the apex and pul regrons regarded as f ! There
was a bilateral nystagmus Reflexes were normal 1 1950 although by 1952
reflexes were absent 1n the upper extremities and abdomen and hyperactive
m the lower extremities with equivocal plantar responses Vibration sense
was absent below the upper extrermties

Laborafory Data on Admission The unine was negative for albumin and
sugar Renal function maximal concentration 1 027 dilution to 1 002 PSP
85¢% 1n 2 hours urea clearance 71 8% Hemogran Hb 112 g RBCs
42 million per mm® hematocnit 33 W B C s 7 500 with a normal differ
ental count E K G normal with sinus irregulanty EEG  normal for a
child of 5 to 7 years Visual fields normal X ray of shull muluple un
erupted teeth otherwise normal Special films m 1952 platybasia and
basilar smpression Bone age 11 years 3 months (Todd s standards) Thy
rord status BMR munus 13%  serum cholesterol 248 mg ‘o serum
protein bound todine 4 0 gamma % I'*! neck uptake 10 7% and excretion
83 2% n 48 hours Adrenal Status serum sodum 1352 potassum 50

chlondes 109 and CO combining power 23 mEq /1 eosinophils 322 per
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Fiec 6 NYH 586 955 Pre treatment status Age 17 yrs 10 mos Ht 1248 cm
Wt 257 kg

mm* with a 56% fall foll a 4 hour ACTH test normal
response to 4 day salt withdrawal test urmary 17 ketosteroids 2 92 mg and
H-oxysterords 061 mg per 24 hours muld msulin hypersensivity (Fig
10) Gonadal function vagmal smears atrophic unnary goradotropimns
less than 5 mouse umits per 24 hours Blood serum calem 104 mg %%
morgame phosphorus 4 17 mg % alkahwe phosphatase 52 BU  total
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STH therapy Her height increased 05 cm dunng the 9 week control
pertod | 5 cm duning the 11 periods of hormone therapy and 11 em m
the 7 post therapy weeks In the ensumg 3 months she grew an additional
07 cm Her subsequent hustory s as follows menstruation began at the age
of 17 and at the age of 19 with the epiphyses still open and a bone age of
15 years 3 months she had attamed a height of 1549 cm  an increase of
18 cm 1n the four years since receiving STH (Fig 5)

The second subject RV (f) NY H 586 955 was admitted 1 1950 and
was studied for four years during which she recerved 10 lots of Armour
STH and one prepared by Raben and Westermeyer At the time of admis
sion she was 17 years 10 months old Swnce the age of 2 or 3 her rate of
growth and weight gain had been below normal standards Deciduous tecth
were not lost until 12 years however there had been no delay in walking
talking or mental development Previous therapy elsewhere with desiccated
thyrord (60 mg per day) methyl testosterone (5 mg per day) injections
of estrogens choriomc gonadotropic hormone and  growth hormone  had
not altered her growth rate Thyroid and methyl testosterone therapy were
discontinued two weeks prior to her first admission She had no axillary or
pubic hair and had not menstruated Her mother was 5 feet 1 inch tall
one paternal uncle 5 feet all other relatives were between 5 feet 4 inches
and 5 feet 11 inches i herght

Physical Examination on Adnussion Weight 257 kg height 124 8 cm
sitting height 64 0 cm  arm span 121 8 cm The bodily contour was infan
tile and symmetrical and the nutritional status good (Fig 6) There were
a few fine hairs on the labia majora but no axillary hair The skin was dry
and rough The breasts were questionably enlarged probably due to fat The
genitalia were infantile Blood pressure was 95/65 There were soft systolic
murmurs at the apex and pul Tegions ded as fi ] There
was a bilateral nystagmus Reflexes were normal m 1950 although by 1952
reflexes were absent n the upper extremities and abdomen and hyperactive
1n the Jower extremittes with equivocal plantar responses Vibration sepse
was absent below the upper extremities

Lab y Data on Ad The unne was negative for albumin and
sugar Renal function maximal concentration 1 027 dilution to 1 002 PSP
85% n 2 hours urea clearance 71 8% Hemogram Hb 112g RBCs
42 million per mm® hematocrit 38° W B C 5 7 500 with a normal differ
ential count E K G normal with sinus srregulanty £ E G normal for a
child of 5 to 7 years Visual fields normal X ray of skull multiple un
erupted teeth otherwise normal Special films 1n 1952 platybasia and
bastlat wapression Bore age 11 years 3 months (Todd s standards) Ths
rord statns BMR munus 13%  serum cholesterol 248 mg % serum
temn bound rodine 4 0 gamma % 1™ neck uptake 10 7% and excretion
o 1 48 hours Adrenal Status serum sodwm {352 potassium 50
d CO combining power 23 mEq /1 eosmophils 322 per
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The results of the first year of study are given in Figure 7 The interpre
tation of the data 1s complicated by the appearance of signs and symptoms
of thyrowd msufficiency dunng the eighth week of STH admimstration at
which time serum cholesterol had nsen to 336 mg % and the proten
bound 1odine fallen to 2 gamma €2 After a 6 week control period she was
gwen two fots of STH Lot J2{609R was admunstered for 10 weeks the
daily dose averaged 112 mg with a maximum of 250 mg per day Durmg
this STH perrod there were no changes w the mtrogen or phosphorus bal
ances but there did occur a moderate average increase mn calcum retention
of 0791 g per week greater than during the control period  Another lot of
STH was given for 2 weeks before and continued for 4 weeks after thyrod
therapy was d A dady dose of 112 mg destccated
thyroid was given throughout the remamnder of the study Soon after (hyroid
therapy was imtiated she went 1nto sigmficant negative nitrogen and phos
phorus balance and eventually nto negative calcrum balance as compared
with her control values There was an average increase in creatinuna of 152
mg perday The serum mnorganic phosphorus rose on the average of 0 6 mg
“% duning thyroid therapy

Seven weeks after STH was d d and mitrogen phosp and
calcium balances had returned to baseline values the first STH preparation
was readmimstered for 3 weeks this ime with a distinct enhancement of
the storage of all three dietary components Dunng this entire penod of
study there were no significant changes m carbohydrate metabotism

The data of the second day of study dunng which time the patient was
mamtamned on desiceated thyroid 112 mg per day are given in Fagure 8
After a 7 week control penod two lots of STH were given m succession
over an 11 week period with an average dose of 217 mg and a maxmal
darly dose of 280 mg Lot J21609R again caused an extra storage of mitro
gen of the same order of magnitude as at the end of the previous study
(Fig 7) Lot K43806R produced an exira storage of nitrogen alihough to
a leseer degree The anabolic effects wore off towards the end of therapy
and there was no post treatment retention There was no appreciable extra
retention of phosphorus or calcium ndeed the storage of both fell below
the control values toward the end of therapy The serum morgame phos
phorus values rose shghtly on an average of 04 mg % the serum alkaline
phosphatase remamed stable There were no changes m either glucose or
insuln toleranwe tests The absolute eosmoptut count rose from an average
control tevel of 166 to 601 per mm® dunng STH therapy falhing to control
levels during the post STH peniods without any alterations of other ndices
of adrenal function

After 20 § week wterval she recerved 1700 mg of the Raben and West
ermeyer STH m 16 days Duning the third week the mitrogen phosphorus
and calowm balances became strongly negatwve to return promptly to the
baseline values on cessation of treatment She was then given a third
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proteins 7 8 g % Results of sugar and insulin tolerance tests are grven else
where (Fig 10)

During the 4 year study period she was on an average constant dietary
mtake of 1,496 calones made up of 661 g protem, 751 g fat 139 g
carbohydrate and contamning 1 500 g calctum and 1497 g phosphorus per
day This diet was adequate to maintan her m posttive mitrogen calcum
and phosphorus balance durmg the control periods prior to the admums
tration of STH

Before each lot of STH was given the patient was skin tested and gave
negative responses The subject had a chull with temperature nise to 40 6° C
4 hours after an myection of the Raben and Westermeyer preparation
having recetved a total dose of 1700 mg 1 the preceding 16 days The
fever subsided in 18 hours however the skin test had now become postive
to this preparation Lot K491132 caused a chill and temperature rise on
one occasiton while Lot R527093 produced daily temperature elevations
to between 38 and 39° C Some lots of STH produced considerable local
tenderness and discomfort at the site of mpection
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Fic 7 RV () 17 yrs 10 mos On constant daily intake of 1414 calorwes
639 ¢ proten (102 g mtrogen) 1507 g phosphorus and 1499 g calowm
During the 6 week control period the subject was i posive balance with
respect to mitrogen of 1246 phosphorus of 0637 and calcum of 0931 g per

week
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Fic 9 RV {f) 19 yrs 1D mos On constant daily imiake of 1 523 calones
658 g protein (105 g mtrogen) 1507 g phosphorus and { 500 g calcrum
Duning the 6 week control period the subject was i positive batance with re
spec\i to mtrogen of 14 84 phosphorus of 2 884 and calcum of 3010 g per
weel

During this course of STH the subject showed for the first ime changes
n glucose and msulin tolerance curves (Fig 10) The glucose tolerance
curve returned to control levels after 16 days and the msulm tolerance 35
days after stopping STH There was no glycosuria and no changes m fasting
blood sugar levels or m eosinaphii counts

The next two lots of STH R491276 and R527026B were given 1n suc
cesyion over an § week period again with an unequivocal anabolic effect on
mirogen storage, but with only a slight enhancement of phosphorus reten
tion and no effect on calciwm storage The serum smorganse phosphorus was
elevated on the average of 0 4 mg % and the atkaline phosphatase lowered
09 BU both changes acquinng additional significanve by therr prompt
Teturn to controj Jevels after STH was stopped The eosmophils increased
from an average control value of 197 to 334 mm® Both lots of STH pro
duced a tachycardia wathout fever an elcvation of 13 per cent 1n the basal
metabolic rate above the average control level wathaut any changes
serum cholestero) or protesn bound iodine Dunng the final § week study
peniod Lot R527093 and RS27093C produced an enhanced storage of
Ritrogen alth of lesser de but no signifi 1l w phos
Phorus or calcium retention There was a shght transent elevation n serum
morganic phosphorus of 0 16 mg %o and a su tamed lowening of the alka
lne phosphatase of 04 BU The phils rose to S09 compared to a
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Fic 8 RV (f) 18 yrs 10 mos On constant daily intake of 1429 calortes
646 g proten (103 g nitrogen) 1460 g phosphorus and 1492 g calcum
During the 7 week control pertod the subject was m positive balance with re
spect to nitrogen of 1351 phosphorus of 1827 and calcium of 1967 g per
week

Armour STH for 3 weeks 1n a total amount of 2 350 mg and went 10t0
positive balance with respect to all three dietary components during the
third week There agam was a rise n the absolute eosmophil count No
post treatment data were obtaned because of the summer closing of the
Metabolism Ward

The third year of study was resumed i the fall of 1952 and conttnued for
a penod of 38 weeks (Fig 9) After a 6 week control period she was gieen
a fifth lot of Armour STH for 20 days 1n a total dosage of 3 450 mg with
an average daily dose of 173 mg There were striking increases i the
storage of nitrogen phosphorus and caleium during the last two penods of
hormone adrmnstration ‘The maximal retentions above the control were
nitrogen 11 83 phosphorus 1407 and calcium 1421 g per weck Follow
wng the discontinuation of STH she continued for 8 weeks to store these
dietary constituents 1n excess of the control values

There was a shght mse 1n the serum inorganic phosphorus averaging
02mg % and a fall n alkaline phosphatase on the average of 12 BU
both returming rapidly to control levels after STH was discontinued
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of 50, 100, 200 mg over 17 weeks following an 8 week control period The

extra of gen was duning the first 13 periods how
ever 1t was well sustamed at an average value of 4 8 g per penod duning
the last 4 weeks No bolic effects on phosphorus and calcium

were observed The serum inorganic phosphorus was unchanged whereas
the alkaline phosphatase was elevated on an average of 10 BU The
eosinophils rose from an average control level of 291 to 990 mm® There
were no alterations in carbohydrate metabolism
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Fie 12 RV (f) 20 yrs 10 mos On constant daily tntake of 1 612 calores
702 g protem (112 g murogen) 1517 g phosphorus and 1512 g calcum
During the 8 week controt period the subject was 1n posittve balance with respect
to mtrogen of 1526 phosphorus of 2 765 and calcium of 3325 g per week

During the 4 years of ntermittent STH admumistration to the subject
there were no signuficant changes 1n any of the other indwces studied such as
creatinine 17 § ds 11 oxy ds serum ytes and sodium
balances She gamed a total of 3 56 kg tn weight and grew 69 cm 1n
height (Fig 5) Her bone age increased from 11 years 3 months at the
chronological age of 17 years 10 months to 12 years and 9 months at a
chronulogxcal age of 21 years 5 months

Duning the last 6 weeks of the study the patient received conjugated
estrone sulfate (Premann®) 5 mg daly equivalent to 3200 RU on the
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Fic 10 RV Glucose and Insulin Tolerance Tests Control and after STH
Lot R491132

ORAL GLUCOSE TOLERANCE TESTS INSULIN  TOLERANCE TESTS
[Rad had a3 ! {3 mmam )
wt
20 g 7 * o v, -
AN H s
- A S
v 1 -
82
oo g
2 o
o 00 2 30
5 ~NY g
g 3
@ 5o J z
I L3 70 EJ % 0
TME W Mo TES e owouts
s < o ¢ v som mom
€ e s S o 20mC ons ¢ ymoazb wEa s M
S Y T 50"

Fio 13 RV Glucose and Insulin Tolerance Tests Control and duning STH
Lots R491276 R527026B R527093 and R527093C

control value of 197 per mm® There was a 12 per cent elevation of the
basal metabolic rate above the control level

During the peniod over which these 4 lots of STH were given the subject
developed an ymparred glucose tolerance and increased msulin resistance
(F'I\ghcl l.()Iccts of various dose Ievels of STH were explored during the last
year of study (Fig 12) Two lots of hormone were given at daily dosages
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Pe o8 (m Tday)
Fi6 13 HA (m) 22 yrs 4 mos On constant daily intake of 1 802 calories
804 g proten (129 g mtrogen) 1747 g phosphorus and 1500 g caleum
Dunng the 9 week control pertod the subject was in positive balance with

respect to nitrogen of 6 16 phosphorus of 2611 and calcium of 1967 g per
week

After a 9 week control period he recewved for 10 weeks Lot R527093C
of STH which had previously mduced anabolic effects m subject R V. The
dosage schedule was successively 50 100 and 200 mg per day (Fig 13)
An equivocal intermittent anabolic effect on nitrogen metabolism resulted
with no enh, of phosphorus and calcium There was no
post treatment rebound The serum inorganic phosphorus was not elevated
and the alkaline phosphatase showed a maximal nse of 12 B U Durng the
last 2 periods the eosmophil count was 1 227 per mm* Becausc of thyroid
mnsufliciency he was then placed on ascending doses of desiccated thyroid
to a mantentance dose of 150 mg Following a 10 week period of thyroid
therapy he was begun on STH R527093B a Jot which RV had recenved
for 12 weeks without any hypersensitivity reactions After 1 500 mg had
been given over a pertod of one week he had a sudden acute hypersen
sitivity reaction diately following an inj This d of hy
potension  cyanosis urticania lacnmation dyspnea abdominal cramps
drarthea tachycardia chills and fever Rapid relief was obtained by an in
travenous antiistaminic Ten days Iater he was skin tested with a new ot
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basis of our vagmal smear assays in the human In addition she recened
anhydro hydroxyprogesterone 100 mg daily during the fifth period to 1n
duce shedding of the endometrium which occurred two days after stopping
medication The bleeding was of 5 days duration The amounts of estrogen
given produced 90-100% cornification of the vaginal smear The concur
rent bolic changes were an pected enh of nitrogen and
phosphorus storage and a very mummal ncrease in calcium retention There
was a progressive fall 1n serum morganic phosphorus to a low of 2 8 mg
compared to the average control of 4 4 mg per cent There were no changes
1n the levels of urinary excretion of 17 ketosteroids or 11 oxysteroids

Durng the five months since her discharge she has been recewving 5 mg
of Premarin® for 21 days of each month She has had withdrawal bleeding
for 4-5 days commencing 7 days after therapy i1s discontinued In this
mterval her height has increased 0 7 cm

The third subject HA (m) NY H 653941 was 22 years 4 months old
at the time the study was begun in 1953 His growth and development were
normal until the age of 10 between the 10th and 14th year there was a
marked decrease in the inear growth rate At 15 treatment with Anteron®
caused some growth of pubic hair At 17 a cramopharyngioma was discov
ered by 19 papilledema had developed and was treated with the removal
of fluid from the cyst by needling and by X ray therapy He was asympto
matic for 18 months prior to admission except for lack of perspiration He
had had occasional erections no emssions no facial or axiltary hair His
parents and 4 siblings measured 165-180 cm 1n height

Yhysieal Examination on Admussion Weight 41 60 kg height 149 6cm,
sitting height 754 cm  arm span 149 8 cm The bodily contour was sym
metrical There were a few pubic hairs and no facial or axillary hair Shight
temporal pallor of the optic discs was present The pemis was small and
prepuberal both testes were palpable and the prostate was small Neuro
logical examnation was within normal imits Blood pressure was 92/60

Laboratory Data on Admisston Visual Fields bilateral left homonymous
defect X ray of Skull suprasellar calcification with no enlargement of the
sella Bone age 14 years (Todd s standards) Thyroid Starus BM R munus
2365 serum cholesterol 364 mg % serum protemn bound 1odmne 46
gamma % D' neck uptake 42 8% and excretion 55 5% n 48 hours
Adrenal Status serum electrolytes within normal hmus eosmophils 121
per mm® with an 82% fall g a 4 hour lar ACTH test
normal response to 6 day salt withdrawal test urinary 17 ketosteroids 4 20
mg and 11 oxysteroids 1 80 mg per 24 hours muld insulin hypersensitivity
(see below) Gonadal f urinary gonadotropins posttive at 6 5 mu
negative at 13 mu Carbolndrate glucose tolerance FB S 67,, 30 rmn
112, 60 min 100 120 min 78 180 min 101 240 mm 98 mg l"“l:m
tolerance FBS 62 20 min 22 30 min 18 45 min 45 60 min 59 90

min 62 120 mn 65 mg %
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tative measurement of the relatine amounts of protemn present n the pre-
apttate was obtained (Fig 14) The striking mncrease i the amount of
protemn precipitated from the patient HA 1s taken as evidence of the pres
ence of a precipitin to STH in his serum  There 1s excellent agreement be
tween the STH blanks and the protern precipstate in the normal control and
m RV who had tolerated many lots of STH with only minor reactions

The patient then recenved daily 1nj of m
the amount of 25 mg intramuscularly for § weeks There resultcd a marked
increase 1n the retention of nitrogen and phosphorus with no added reten
tion of calcium The serum morganic phosphorus fell 1 6 mg 6 and alka
line phosphataste rose 2 4 B U maximally
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Fia 15 Growth curves of the male subjects AF DH LA and HA

Dunng STH therapy the subjects weight fell 152 kg his height
creased 07 cm The bone age remaimned unchanged (Fig 15) In the 5
months following his discharge during which time he was maintained on
desiccated thyroid and methyl testosterone (50 mg daily) his height had
increased by 1 0 cm and weight by 6 7 kg

The other three subjects studed AF DH and LA were all males
Their endocrine status 1s summanzed 1n Table 1 They were all prepuberal
at the time they were studied and all bad some axllary and pubic hair
Thyrord function was normal 1n all three There were no derangements 1n
carbohydrate metabolism n AF and DH whereas L A was insulin senst
tive Their growth curves are given 1n Figure 15 Of all the subjects in this
senes AF and DH showed the least difference 88 ¢m and 53 cm
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of STH D674010, 50 gamma per m] mtrzcutzneously produced a flare
and 500 gamma per ml a flare wheal and pseudopods The conjactnz]
reaction was nezatine to SO0 gamma per m! The patient was then s
tested with the Jot to which be had such a profound hypersensi 1+ 12
sponse 2s was subject R.V and four normal controls HA agam showed
a flare 2t 50 gamma and a flare wheal and pseudopods 2t 500 gamrma prr
m! none of the others had a positrve reaction All conjunctival tets aga
v ere negative
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The sera of this patiznt of R.V and of one contro! were tested for ants-
bodies to STH usimg Lot R527093B as the zntigen The STH was dissolsed
m normal saline 2nd the clear supematant employed for precipitin tests
The exact amount of STH 1 the an 1zen solution was not known A senes
of tubes were set up which cortained | ml of serum and inzreasing amounts
of STH 2nd brought to a constant solume of 7 m! with normal saline After
mixing, the tubes were ncubated 2t 37 C for one hour and then kept at
4 C A preciptate formed within 24 hours and after standing for ors week
w2s spun down 112 refngerated centnfuge 2nd washed 3 trnes u'nh szlm—‘
The tyroseres trvp.ophzre content of the precip was then 24
by the method of Heidzlbrrger 2nd MacPherson 22 By this means 2 quants




MAMMARY GLAND AND HUMAN METABOLISM 543

tative measurement of the relatve amounts of protemn present mn the pre
cipitate was obtained (Fig 14) The stuking increase 1n the amount of
protemn precipitated from the patient H A s taken as evidence of the pres
ence of a precipitin to STH 1n hus serum There 15 excellent agreement be
tween the STH blanks and the protemn precipitate 1n the normal control and
mRV who had tolerated many lots of STH with only minor reactions

The pauent then recened dmly mjechions of testosterone propionate m
the amount of 2§ mg tramusculacly for § weeks There resulted 2 marked
inerease 1 the retention of nitrogen and phosphorus with no added reten
tion of caleium The serum inorganic phosphorus fell 16 mg % and alka
Tine phosphataste rose 2 4 B U maximally
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Fia 15 Growth curves of the male subjects AF DH LA and HA

During STH therapy the subjects weight fell 152 kg s height 1n
creased 07 cm The bone age remaimed unchanged (Fig 15) In the 5
months followng his discharge during which ume he was maimntamned on
desiccated thyroid and methyl testosterone (50 mg daily) his height had
increased by 10 cm and weight by 6 7 kg

The other three subjects studied AF,DH and LA were all males
Their endocrine status 1s summarized wn Table 1 They were all prepuberal
at the tme they were studied and all had some axillary and pubkc hair
Thyroid function was normal 1 all three There were no derangements in
carbohydrate metabolism 1n A F and DH whereas L A was insulin sens1
tive Their growth curves are given 1n Figure 15 Of all the subjects m this
series AF and DH showed the least difference 88 cm and 53 cm
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respectively between actual height and the mean for their ages in DH
there was an d mild hondrodystrophy On the other hand
the height of L A who had two dwarfed cousmns was 23 em below the
mean for lus age All three differed from the other subjects in that their
bone ages were essentsally normal for their chronological age according to
Todd s standards
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Fta 16 AF (m) 13 yrs 7 mos On constant daily intake of 2 227 calores
846 g proten (135 g mtrogen) 1522 g phosphorus and 1 503 g calcium
Duning the 7 week control pertod the subject was in positive balance with re
spect to mitrogen of 12 53 phosphorus of 2121 and calcum of 2989 g per
week The nterrupted hine represents the new control baseline for ealculating
the effects of STH on the nitrogen balance for periods 13 through 30 (see text)

Subject A F was studied for 8 months during which he received two lots
of Armour STH (Fig 16) The first lot given H1802 was selected because
1t had induced anabolic effects n subject L F He received 3 675 mg over a
period of 28 days with an average daily dose of 131 mg and a maximum
of 200 mg The mitrogen balance became slightly negatse with a positive
rebound for the week after STH was stopped and then fell to well below
the onignal baseline where 1t persisted for the 3 weeks prior to the adnunts
tration of the second lot of STH J9501 This lot was given over a period
of 62 days 1n 4 total amount of 14 800 mg with an average dmly dose of
239 mg and a maximal of 300 mg The assessment of the effects of ths lot
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of STH 1s dependent on the control baseline selected for comparison Sev
eral features of the metabolic data would seem to justify the choice of the
new basehne for mtrogen metabolism estabhished by this subject for the
3 weeks (pertods 13-15) prior to the admmustration of the new lot of
hormones rather than the ongmal control values (penods 1-7) Most
relevant 1s the fact that the mitrogen balance returned to the new baseline
after the STH admumstration was discontinued 1nstead of reverting to the
oniginal control value Furthermore both the phosphorus and calcium bal
ances also fell to and persisted at lower levels duning these latter portions of
the study Assurming this new baseline Lot J9501 induced an anabolic effect
on nitrogen metabolism during 46 of the 62 days of 1ts admmmstration The
total extra storage of mtrogen amounted to 34 72 g with an average of
392 g per week for the entire period of treatment and a maumum of
637 g dunng the third and sixth week of STH admimstration There were
no consistent parallel alterations n calcium and phosphorus balances except
for the decline of both to lower levels Attention should be called to the
lower levels of serum inorganic phosphorus and alkaline phospt which
prevatled after the imtiation of STH administration No consistent or sig
nificant alterations were noted in the other numerous 1ndices studied While
recerving both lots of STH this subject developed urticana without eostno-
phihia which was readily controlled with antihistaminics This subject was
followed until the age of 18 years He underwent a normal somatic and
sexual development and a steady increase 1n height to 1605 cm  stll 85
cm below the mean for s age His bone age and skeletal development
were normal for hus years

Subject DH was under study for a period of 6 months durmg which he
recerved Armour STH Lot J9501 This preparation proved anabolic in sub
ject AF who received a total of 14300 mg for 8 weeks with a daily
average and maximal dose of 255 and 400 mg respectively No significant
alterations resulted 1n any of the metabolic indices However dunng the
fourth week after STH had been discontinued there occurred a spontaneous
Increase in nitrogen storage which persisted for the last 3 weeks of the study
and averaged 22 2 g per week There was a concomitant mise in urinary
17 ketosteroids from the previous average level of 3 31 mg to 8 60 mg per
24 hours This was regarded as a reflection of the onset of the puberal spurt
m sexual development The only side reaction noted to STH was the nise n
the eosinophil count from the control level of 314 to 1132 mm® dunng
therapy When last seen at the age of 20 years 6 months he had reached a
height of 163 cm stidl 97 cm below the mean for hus age His somatic
and sexual development were that of a normal adult male and his eprphyses
were closed

The last subject 1. A recerved two lots of Armour STH Lot J17710R
was given over a period of 96 days for a total of 15 125 mg with an aver
age and maximal daily dose respectively of 158 and 300 mg For the
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second trial Lot J21609R previously anabolic m subject RV was given
for 14 days for a total of 2 285 mg with an average daily dose of 202 and
a maximum of 300 mg During both therapeutic pertods no significant
changes were noted 1n any of the metabolic mdices At 18% years of age,
his height was 130 cm 407 cm below the mean for his age His weight
was 37 4 kg His bone age was normal His left testis was small the night
atrophic Gynecomastia was present He reported few erections and emis
sions There was only a moderate growth of axillary and pubic hair He
shaved twice weekly

Discussion

From the data obtamed m this study it would seem permisstble to draw
at least three conclusions with regard to the action of somatotropin n
human subjects The first and most important 1s that crystalline somato
tropmn as prepared by the Armour Laboratortes by the method of Wilhelm:
Fishman and Russell 1s capable of bringing about many of the major me
tabolic effects charactenistic of the action of this hormone 1n amimals (Table
2) These include the enhancement of the storage of mitrogen phosphorus
and calcium requisite for the growth of the skeleton and soft tissues as well
as impairments n carbohydrate bol fested by the develop
of a drabetic type of glucose tol curve d nsultn
and glycosurta The second concluston s that these metabolic effects are not
uniformly produced by STH 1n all subjects and the third that there 1s no

present expl for these
Table 1
ENDOCRINE STATUS OF SUBJECTS RECEIVING SOMATOTROPIN
S bect Heght Age Thyrod  Gonadol Carbo  Electro=  Muscellaneous
Se Meon Bone Age  Fonchion Fucto  hydare  lyres
LF( 1386 M N Pbeal | uln N
B0 10 se st
RV 148 18 1 Abet  dsla N Platybasta
U sest e
AFQY) M12 1 N ? be ol N N
o 12
M) 1527 15 N P becal N N Osteachond o~
oH M B0 4 dyst ophy  mild
1250 15 N Pbe | tsda N 2 dwa f couslns
LAl %o 16 senst e
2 Abse t 1s lin N € iophar
AW :’;2‘3 IE) e lie yngloma
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Table 2
COMPARISON OF ACTION OF SOMATOTROPIN IN ANIMALS AND MAN
Index An moly fon
Nitoge Tee ed ete ton Increased retent o
Coletom fceoeduproke o d 1 c pored efe 1on
taae atone
Pho ohorus Inc o dupoke ond increm edrere o
twino s bose
Se miog P Etevored Noco siste 1 cha ge
Seum Alk Prmse Ele ated No coms stent cho g
Glyo o Prese 1 ¢ cuble Pesent re ers ble
o pe manent
Glucase Tale once impa red  d abet ¢ hype impo ed dabet type
2vesble o pe monent we ble
tsulnBessta ca In eased Inc eated < uble

In the 2 subjects LF and RV s whom STH produced unequivocal
anabolic effects the magnitude of the storage of nitrogen caloum and
phospharus 1s impressive In Table 3 the data are summanized for subject
LF and for periods 7 through 20 for subject RV {Fig 9) With LF
who seceived a fotal of 9 38 ¢ of STH m 11 weeks the anabolic effect per
sisted for 18 weeks 1 all with a total retention of 149 5 g of nutrogen 172
g of calaum and 137 g of phosphorus The extra mtrogen storage 1

qusvalent to 4 6 kg. of protop! Durmg the same mterval there was a
Pproportional increase m urmary uggestive of the ys
of the bulk of the stored mtrogen 1n the muscle mass In the subject RV

Table 3
MAGNITUDE OF SOMATOTROPIN EFFECT

ON NITROGEN  CALCIUM & PROSPRORUS METABOLISM

Panent | Total Durotion of Total extra rerenteon of
STH | Treament | Action Ny | Ca 13
gm weeks | weeks | gm gm o

LF 938 " 18 (L] 72 37

RV {345 3 Y 788 14 170
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345 g of STH given over 3 weeks mnduced 1nabolic effects which per
sisted for 14 wecks in all with a total extra retention of 78 8 g of mtrogen
(eqmvnlent to 2 4 kg of protoplasm) of 114 g of calcium and 170 g of
phosphorus There 1s no apparent explanation for the persistence of the
anabolic effects for such long pertods as 7 and 11 weeks after the hormone
was d d Tt may rep the carryover of metabolic processes set
in motion during the period of STH admimistration or the continued action
of STH precipitated at the injection sites and only slowly released from
these depots into the circulation The latter possibility 1s suggested by the
solubility charactenistics of the hormone The Armour preparations used
this study are mjected at pH 9 3 at which they are completely soluble
Precipitation may well occur at the physiological pH of the mjection site
prior to slow re solution 1n the circulating fluids
Of particular 1nterest also was the production n both these subjects of
carbohydrate changes of ant1 insulin nature The development of impaired
glucose tolerance increased msuhin resistance and 1n subject L F - of frank
glycosuna 1s analogous to the changes mn carbohydrate metabolism observed
n ammals with this hormone The altered carbohydrate metabolism m both
subjects reverted to the pretreatment status when treatment was discon
tinued The diat action of crystaline STH prepared by either the
method of L1 or of Wilhelm: et al has been demonstrated 1n the cat and the
dog De Bodo and his assocrates 3! working with hypophysectomized dogs
observed the development of msuln resistance and impaired glucose
tolerance even in the absence of the adrenal cortex Although these findings
are considered by most observers to be due to STH per se rather than to
some hormonal contammant Raben and Westermeyer® on the basis of
their work with a STH prepared by their procedure believe that the carbo
hydrate effects can be divorced from the growth promoting properties Our
data do not contribute to the resolution of these conflicting views  the failure
in subject RV of these carbohydrate changes to occur mn every mstance
1n which STH induced storage of mtrogen must be regarded as inconclusnve
with respect to the antt insulin action being an mherent property of STH
In spite of these clear cut rations of the anabolic properties of
STH 1n 2 of the 6 subjects and the probability of a sirular but less marked
effect 1n 2 other subjects 1t 1s apparent from our data and those of other
that STH prep with equal growth promoting properties
in amimals ase not equally or consistently effective 1n achieving nitrogen
phosphorus or calcium storage or all m carbohydi L
1 man Some of these discrep may be methodol I eg too brief
treatment or 1nadequate dosage In our studies anabolic eflects occasionally
did not occur untdl after the first or second week of treatment and the most
strihang effects were obtamed with an average dosage of from 112 to 218
mg daily yet equally high doses ant'\ p'mlonged therapy were mc}f]fc;mhca \":
other subjects Side effects par y P whie

£
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been described by other workers, cannot be held sesponsible for the lack of
:ﬂ‘ec& 1 our unsesponsive subjects since they were sarely encountered The
of hibia was fated to the resp 3 to the
hommne The possxbmty of ants hormone formation cannot be excluded
but 1 regarded as doubtful One subpeet HA (Figs 13 and 14} who
exibited an equnocal nitrogen storage dunng hes first conrse of STH de
veloped precipitins i hus serum when grven STH for the second time along
with a profound hypersensiuvity reaction to the hormone Yet RV who
had recened 11 lots of STH over a 4 year penod had no more precipiins
mn her serum than did a normal untreated comtrol
These discrepancies could also be due to vanable contamnation of
crystalime STH with other anterior pitustary factors with activities which
mught mask or counteract those of STH The assay data on the Armour
STH preparatsons used m the present study are given n Table 4 and are
based on assays carried out in the Armour Laboratones These preparations
were vistually free of ACTH which would male it unbkely that the nse m

Table 4
ASSAY DATA ON SOMATOTRDPINS {ARMOUR) USED i PRESENT STUDY

Lot No Yoh Met bal  Eife 45
USF G Ymp Po 1 N gor

Gt [ LE

:maz} LY LED AF fm)
1902

950 3 AF Imp D H (m)

javedlid L2 RV (LA

21809 004 Rvm LA

K43308R oo4 RV &)

KIAOR o6 R% 1)

R431132 ¢ 0s RV ()

RAT1276 egt LA RU]

R5270268 <0 08 RV

#527093 Lx--3 RV

R327003C 002 RY I HA

RSZ70938 002 RV A (g

5271208 002 (R A

Al A mow Sometot op ¢ pe Yo tovedd %o L OV ¥ Ip te o

Pt fayo) type Nmg endnod ) sobl ACTM or ganedor wp
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17 ketosterouds and 11 oxysteroids in L F, towards the end of her course
of treatment with STH, could be attributed to contammation with this
hormone All lots of STH contamned variable amounts of thyrotropin rang
ing from 0 01 to 008 USP umt per mg however 1t was not possible to
correlate the differences 1n the anabolic activity of different lots of STH
with the extent of thyrotropin activity As regards the presence of postenor
pituitary activity this did not lead to any sigmficant alterations m water
balance m any of our subjects

There remains for consideration the possibility that responsiveness to
the hormone might be conditioned by the metabolic status of the subject
At the time of the study 3 of the males (AF DH and L A ) had no
discermible endocrine abnormalities assoctated with their short stature L A
failed to respond to a lot of STH which was anabolic 1n the subject RV
and AF to a preparation which was very effective in subject LF  although
AF did have what we regard as an anabolic response to another lot of
hormone which n turn was without effect 1n subject D H Hence there
was only one positive response 1n these 3 essentially normal boys Neverthe
less, a striking anabolic effect was obtained in the young girl L F who was
essentially normal except for short stature and a delayed bone age In con
nection with the endocnine status conditioning the response n man 1t should
be pomnted out for future reference that RV when n the hypothyrod
state failed to respond to a STH preparation which produced anabolic
effects when the thyroid insufficiency was corrected An opportumity mn the
case of the male, HA , ta further test this possible relation of thyrod
function to STH action was precluded by his development of hyper
sensitwvity to the hormone when 1t was given after correction of his thyroid
snsuffictency We are forced to conclude that the available data are inade
quate to reveal any clear relationship between the metabolic and endocrine
status of the subject and responsiveness to STH

The data concerning the changes 1 height and weight after STH are
included for the sole purpose of registering the information together with
the optruon that they do not permit any conclusions as to the relation be
tween the changes and the STH admmistered

Summary and Conclusions

opm (STH) prepared by the Armour Laboratones according
to the method of Wilhelm: Fishman and Russell was admmustered to 6
human subjects 4 males and 2 females of abnormally short stature
Marked enhancement of mitrogen caleium and phosphorus storage was
observed dunng the admimstration of various lots of STH to the 2 females
in effects evident 1n the development of impaired glucose
d nsulin and m one of the girls frank
¢ latter effects reverted to the pretreatment status after STH
d A modest increase 1n mitrogen storage was obtamed 1n

as well as ant1 jnsul

glycosuna Thes
was discontinue
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one of the male subjects an equivocal response sn a second The other 2
males were unresponsive to the hormone Hypersensmmy to STH de
veloped sn one of the males m v with precsp to
STH 1n the serum

These findings 1 man are confirmatory of simiar actions of STH pre
viously reported to occur m the dog and cat Howeser these effects are
produced with less constancy in the human subject a phenomenon for
which there 15 no present explanation
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DISCUSSION

Influence of Growth Hormone on the Mammary Gland and on
Human Metabolism

Designated Discusston

FRANCIS MOORE (Harvard Medical School) In comparison with the expen
ments of Dr knsell and Dr Shorr ours are very few and very recent Qur
mterest 1n growth hormone as 1t relates to the studies of surgical con
valescence amnses from 4 rather distinct considerations Farstly the spon
taneous anabolic phase of surgical convalescence, when nutrogen 1s bemng
added to the body at a steady high rate at a fanly low calone to mtrogen
ratto and at a low potassium to mitrogen ratio bears certain resemblances
to the normal growth of children It 1s a very interesting and extremely
mmportant phase of surgical convalescence remembered by any former
patient as the period when he felt well agamn and regamed his strength and
vigor We have sought therefore for growth promoting substances n the
serum of such patients, using the bioassay techniques discussed during the
first day of this meeting Our expenence 1s very small to date but m one
patient recovenng from burns we have identified a positive result

Secondly a growth hormone or a growth promoting substance would be
most useful 1f 1t could produce anabolism m the face of the low caloric
ntakes charactenstic of the surgical convalescent who 1s untble to eat
normally for one reason or another We have studied this aspect as you
will see 1n 2 moment without finding at least the expected results

Thirdly, and taking a leaf from Dr Selyes expeniment which he de
scribed at this meetng growth hormone appears to antagonize certamn
penipheral actions of ACTH and the adrenal steroids It would be interest
ing, thercfore 1f growth hormone or a substance of this type might modify
the early post traumatic metabolism which 1s so suggestive of ACTH and
sterordal effects Would such a substance dampen or modify the so-called
stress response I man under the rare circumstances when the latter may be
deleterious to the mdividual?

And fourthly growth hormone or the substances which we have been
discussing at this meeting produce connective tissue changes in the pcnph]ﬂ')’
which resemble the fibrosis of wound healing and for that reason also

they are of intesest 10 surgery
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In the accompanying figures 1 will present <ata from one or two of the
metabolic studies In Figure 1 15 shown a typreal metabohe study carrted
out on a patient convalesemg from an sbdominal operavon  He was several
days post operative when the study was begun but was st in negative
mitregen balance The metabolie balances are plotted such that the mtake 15
charted up from the zero ke and the output downward from the top of the
intake hine so that a negative balance is below the zero hne and 2 positwve
batance 1s above The data m Figure 1 1s perfectly characteristic of a post
operative metabolic response We would expect the pauent at about the
Sth or 7th day to reach positive mitrogen balance assocsated with the i
creased calonic intake However m this mdividual we held his calonie mtake
purposely at a Jow level to see if growth hormone would produce by any
chance an anabohe effect under the suboptimad calonic condstions He was
gven the matenal mtratenousty 200 mg daily for 4 days There was no
effect on nitrogen balance and possibly a shight effect on potassium balance
There appears to have been a tendency to retaim sodiem which effect might
be related to some mteresting actions of growth hormone which T under
stand will be discussed by Dr Beck However there was no change in
weight Blood cosimophil levels did not change significantly and urmary 17
hydroxycorticords measured by the method of Reddy Jenkins and Thom
Iikewsse did not change dunag the two pertods when the hormone was
given This observation 1s i contrast to the findings in one of the other
patients 1 wilt mcnnon The growth hnrmone was then stopped and the
patient was p d to enter sp behsm with an d
calorie mmke At this ttme the hormone was guen agawn but 1t 1s important
to realize that we had a much different metabolie situation and that surgical
convalescence in wself s a very dymamic process which changes each day
The hormone agun had no very clear-cut effect on any metabohc depart
ment except to reverse the prewious shight tendency to retam sodwum

In another case (Fig 2) we studied 2 volunteer patient as 3 pormal
control over a persod of about one month He was given wnyections of a
Raben W yer growth h kimndly supphed to us by
Dr Astwoods group The drop 1 lhe eosmophﬂ fevel was probably sig
nsficant although surely this index 15 most fickle The changes i unnary
17 ketosterords were not considered signsficant but there was a very stnking
mcrease 1n the unnary 17 hydrowycorticonds Likewase determmations of
serum 17 hydroxycorticoids by the method of Nelson and Samuels revealed
a very ssgnsficant ancrease Our interpretatson would have been that this
preparation was contamunated with ACTH tnasmuch as the patient was not
stressed re  he did not have a febnile or other reaction to the matenal We
thought this type of response might be pecultar to that sample of hormone
supphed to us by Dr Raben We have sice worked with growth hormone

matenal from the Armour Laboratories which study has all been done n
the past year
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Fic 1 Metabolc Chart Analyses of nitrogen potasstum sodwm and chlo
nde are charted as described 1n the text together with body weight eosinophil
ount 17 hydroqcomcoxd excretion and calonic ntake The admumstration of
5 wth hormone at two different phases in normal convalescence appears to
i;c\'lc pmduced httle measurable effect on any index studied
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Fig 2 Metabolic Batanee Study in 2 Normal \ ojunteer Chasted as 1n Fig
we 1 The admunsstration of Raben Westermeyer Growth Hormone 100 mg
per day for three days produced a defimite fall 1 eosinophils and rise m uritary
excraton of 17 hydroxycorticoids The solid Iine in the 17 hydroxycorticond
chatt ss the blood concentration of the free steratd There was 2 defimie incrense

of both blood and unine nydeoxycorticosd dunng G H (rea!mcm

A few days prior to the growth hormone
Was given as part of a separate study It did not appear to mﬂuence subsequent

Wetabohe events
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Fic 3 Metabolic Balance Chart of Patient Recerving Growth Hormone 1
Convalescence as 1n Figure 1 Here there was a definite increase m unnary excre
ton of 17 hy ycorticoids but no other changes were noted save

for a slight tendency to gam potassium and lose sodium

Metabolic data from another patient 1s shown i Figure 3 Ths study was
made m the postoperative period and on the 9th day he was started
on 300 mg of growth hormone travenously dailly for 5 days We
started on 300 mg of growth hormone mtravenously datly for 5 days We
observed no change mn his 17 Letosterord excretion and nothing happened

tabolically which we are able to call significant There was a very defimte
o e however m unnary 17 hydroxycorticoids and a shight increase 11t
ﬁ:zr:::um 17 hydroxycorcords The method employed 15 very sensitive 1
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16 4 Same Pauent as 1 Figure 3 This demonstrates the rise i fastng
blood sugar during and after Growth Hormone and the change m glucose tol
erance The glucose tolerance test marked with the sohd black dots was done
before the growth hormone was gven and the tests marked 1n open cxrcles and
wathithe X were done after the growth hormone w as gven
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our expentence, and 1t reflects adrenal changes in response to very mimmal
amounts of trauma or ACTH The steroid increases suggest that a significant
amount of ACTH or ACTH like matenal accompanied the growth hor
mone The patient muldly diabetic, was the only subject 1n whom we have
observed growth hormone mnduced alterations in glucose metabolism His
fastmng blood sugar taken each morning rose consistently during the penod of
hormone adminstration as seen in Figure 4 Intravenous glu-ose tolerance
tests performed before during and immediately after the course of hormone
adminustration gave evidence of a progresstve further decrease in his glucose
tolerance This patient was the only one mn whom we have seen evidence of
diabetogenic effects There were no changes 1 serum phosphorus values
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Fic 5 Endocrine chart demonstrating the early effect of growth hormene on
the stress Tesponse 10 cholecystectomy There was no effect an the eosimophil

unt the unmary € of 17 or the serum level of the
£ rotds The response 10 all three measured mndices was entirely normal for
frec sttc of surgery There was no evidence of an mhibitory effect by growth
;,l;l;nt)‘;lr’ae at this dose level and under these circumstances
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And Jastly sn Figure 5 are datn from a typieal expetiment m our effotis to
determme of growth hormone preparauions wifl whitit or dampen the
metabolic mamfestations of the so ealied ahim resetion The patient wis
1 the hospital for a cholecystectom) ind on the day before and og the day
of surgery she recepsed 300 mg of an Artmour growth horntone prepatation
stravenously The values for the blood coumophils refiected a2 normal
stress response The 17 hydroxycorucord excretion likewwse ndicated a
normal response and the serum 17 hydroxycorticosd peak attamed within
< few hours of making the ncision was also quute normal for this surgieal
stress

1 would summarize par fimuted studies by saymng that we have found an
ACTH hhe action su some of the matenial used and that we have not dis
covered any partictiardy useful or sigmficant effects of growth hormone
action m surgical convalescence Erding on a philosophecal note however
1t has seemed to me that 2 number of the speakers duning, these 3 days have
been fortunate m their first few exp and as exp ZIOWS Wwe
on the surgicat side of things must to study the p 1 of
{hs very interesting matenal even sf our mitial expenences are gegative m
regard to the expected effects

ANALYTICAL METHODS

pé o

32 ¥ 4 4 ¥ 3 —

Fio & The upper cunes show the loganthm of the actual capaflary and
venous blood sugar levels following the miravenous 1ofuston of 25 g ghicose
“The lower curves are plots of the difference between capiltaty and venous ghy
cose fevels and the experimentaf fastng levels desived from the upper curves
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our experience, and 1t reflects adrenal changes m response to very mimmal
amounts of trauma or ACTH The sterord mecreases suggest that a significant
amount of ACTH or ACTH like material accompanted the growth hor
mone The patient, mildly diabetic was the only subject 1n whom we have
observed growth hormone mduced alterations 1n glucose metabolism His
fasting blood sugar taken each morming rose consistently during the period of
hormone admunistration as seen 1 Figure 4 Intravenous glucose tolerance
tests performed before during and immeduately after the course of hormone
admmustration gave evidence of a progressive further decrease m his glucose
tolerance This patient was the only one in whom we have seen evidence of
ciabetogenic efiects There were no changes in serum phosphorus values
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Fi 5 Endocrine chart demonstrating the early effect of growth hormonc on
the stress response to cholecystectomy There was no effect on the costnophil

unt the urnary exeretion of 17 hydroxycorticoids or the serum fuvel of the
pos eroids The response 1n all three measured indices was entirely normal for
¢ of surgery There was no evidence of an mhbitory effect by growth
s dose level and under these circumstances
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naROLD fLRick (Veterans Admunistration Hospial and Umversity of
Colorado Medical School} 1 would hhe to present 1 summary of some of
our mvestigations on the 1cton of pitutary prowth hormene w the adult
human These findings are brsed on studies of 29 men using highly punfied
growth hormone which was hmdly supphied by Dr Mitchell of Horner Lid
Canada and prepared frony bovine or posh pitwitary glands by the Wilhelm:
or the Raben Westermeyer Astwood methods Fhe complete papers (two)
of which this 1s o summary wili be published soon under the jomt author
shipofH Elnck T A Witten € § Hiad Ir G Clarth T M Bow and
A J Dukes Some of the imbial expeniments were done 1 collaboration
with Drs A Catballern K R Mackenzie and J 8 L Browne others
were performed at Memonal Center New York City (wnpublished data)
First T will briefly discuss our observauons i regard to carbohydrate
metabolism  Early i our studies 1t nas found that 1 simgle miravenous
wjection of growth hormone 1n doses ranging from 10 to 225 mg con

THE EFFECT OF (NSULIN UPON
GLUGOSE ASSIMILATION
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Fic 9 Note the marked increase 1 total and perzpheral glucose assimiation
when a small dose of insulin 19 added to the mtravenous glicose infusion
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PERIPHERAL ASSIMILATION « K, AV

TOTAL ASSIMILATION « Kp= SLOPE
Fic 7 Indices used to measure glucose asstrmilation

THE EFFEGT OF PGH UpON

GLUGOSE ASSIMILATION
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Harord ririca (Vetermns Admsmstriion Hospital and Unnersity of
Colorado Medical School) 1 would le to present 4 summars of some of
our muestigations on the action of pitwittry growth harmone 1 the adelt
human These findings are b1sed on studies of 29 men using hughly punfied
growth harmone which was hindly supplied by Dr Mitehell of Homer Lid
Canada and prepared from bovine or pork prturtacy ghnds by the Wathelms
or the Rnben Wi yer Astwvood methods The plete papers {two)
of whuch ths 15 summary will be published soon under the yunt author
shipof H Elnck T A Witten C J Hiad Jr G Clark T M Bow and
A 3 Dules Some of the mtia] expeniments were done n collaboration
with Drs A Carbalfera A R Machenzie and I § L Browne others
were performed at Memoniat Cemer New York Cny (unpublished data)
Furst 1 will briefly chsonss our observations w regaed to carbohydrate
metabolism Early m our studies st was found that 1 single mtravenous
mjection of growth hormone a doses ranging from 10 to 225 mg  con

THE EFFECY OF INSULIN UPQN
GLUCOSE ASSIMILATION
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sistently resulted in a hyperglycemia lasting 132 to 3 hours with a maxi
mum nise of 27 to 48 per cent above the fasting level The mechanism of
this hyperglycemia was explored by means of a techmque which combines
a modified version of the imntravenous glucose test of Amatuzio with
simultaneous capillary venous glucose determinations (see Figs 6 and 7)
The concentration of blood glucose after an intravenous glucose load (25 g
infused 1n a pertod of 3 to 5 minutes) decreases as an exponential function
of time and depends upon the rates of penpheral asstmilation as well as
upen the rates of hepatic assumilation and release of glucose Stmultaneous
capulary venous glucose differences can be used to derive an ndex of
peripheral glucose asstmilation as reported by Somogyr In this way, one
has a method of assessing the effect of a grven hormone or disease on the
total (Iiver plus periphery) and pertpheral assimilation of glucose

In the normal subject (Fig 8) a single intravenous njection of growth
hormone results m a marked decrease 1n the rate of glucose disappearance

THE EFFEGTS OF PGH AND INSULIN
UPON GLUGOSE ASSIMILATION
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from the blood (tota} 1 } aswellasad n s penipheral
asstmidation

As noted 1n Figure 9, the effect of glucagon free msulin (Lifly) 1s exactly
opposite to that of growth hormone namely a marked increase n the rate
of glucose disappearance from the blood and an mcrease m us penpheral
asumutation

When both msulin and growth hormone are given during the same test
penied an effect ss observed which 15 intermediate between either alone
Such results as shown mn Figure 10 are consistent with the concept that
the two hormones oppose each other msofar as ther action on glucose

i 1s d Ths pt has been recently demon

strated 1n the dog by both de Bodo and Bennett using two widely different
techniques

The contribution of the liver to the action of growth hormone was
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sistently resulted in a hyperglycemia lasting 1% to 3 hours with a maxi
mum rise of 27 to 48 per cent above the fasting level The mechantsm of
this hyperglycermia was explored by means of a techmique which combines
a modified version of the itravenous glucose test of Amatuzio with
sumultaneous capillary venous glucose determmations (see Figs 6 and 7)
The concentration of blood glucose after an mtravenous glucose load (25 g
nfused mn a pertod of 3 to 5 ) d as an exp 1 function
of time and depends upon the rates of peripheral assimilation as well as
upon the rates of hepatic assimilation and release of glucose Simultaneous
capillary venous glucose differences can be used to derive an index of
penipheral glucose assimilation, as reported by Somogyr In this way, one
has a method of assessmg the effect of a given hormone or disease on the
total (liver plus periphery) and peripheral assimilation of glucose

In the normal subject (Fig 8) a single intravenous mjection of growth
hormone results 1n a marked decrease 1n the rate of glucose disappearance

THE EFFECTS OF PGH /ND INSULIN
UPON GLUGCOSE ASSIMILATION

800 HH
"3
&00) NORMAL
400
Ka Kp
——CoNTROL ooxs0 o7
INSULINGS 4 11} 00993(+263%)  OIS6E(+3713)
200 — P GH (83mg) 00235 (-33y} <0 OI(~99%)
INSULIN [4 44 ire}
BLooe — (Nt} costort26%)  omsai-3%)
imox}

L 3
R IR TR

40 £ [

TIME ({min)
that the two hormones tend to cancel out the opposing action of
the other on both total and peripheral assimlation

Fic 10 Note



MAVMARY GLAND AND HUMAN METABOLISV 565

1f thus were true one would expect the effect of glucagen on glucose
assimdation to be similar to that of growth hormone numefy 1 depression
of penipheral glucose wssmufttion From our datv wt 15 suggested that the
effect of glucagon (Lilly) on the peupheral assimdation of glucose s
durectly opposed to that of growth hormone En Figure 13 1t will be noted
that glucagon causes a marked nerease in perpheral glucose assimilation
Just 25 does msulin These observations are imerprered to suggest that not
only are glucagon and insulin not antagomstic but that the two act n
concert to maintamn an adequate rate of penpherat glucose utilizatzon The
fact that these tvo agents have opposing actions on blood sugar and liver
glycogen 1s enttrely conuistent with this concept

Buefly I will mention a few of our observations on the effects of growth
hornone on ammno acid metabolism During the early phase of our studies
1t was found that growth hormone speeds the removal of anuso acids from
the Blood and decreases amino acid excrenon followimg an intravenous

THE EFFEGT OF GLUCAGON UPON
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2 by studying p with decomp d portal cirrhosis As
depicted m Figure 11 the data reveal that the effect of growth hormone
on peripheral glucose assimilation 1n the patient with severe lver disease s
similar to that of the normal subject whereas the effect on total asstmilation
1s sigmificantly less We have found that the same holds true for the action
of msulm

The role of the thyroid gland i the action of growth hormone on glucose
assumlation was explored by studying a patient with severe myxedema
(postoperative) From the results (Fig 12) we have concluded that the
action of growth hormone m this patient was simslar to that observed 1n
the normal subject

Bornstein Reird and Young have presented some experimental evidence
that growth hormone stimulates the release of glucagon (hyperglycemic
factor) from the pancreas Since glucagon causes hyperglycema and de
creases lhiver glycogen 1t has been considered by some to be an msubn
antagomst This suggests that the action of growth hormone on carbo
hydrate metabolism might be medinted 1n part by the release of glucagon

THE EFFECT OF PGH UPON
GLUCOSE ASSIMILATION

w00,
E ancs
<0
500, YXEDEMA
oo}
L x X
—cont o o0 o024
——INSUL (a¢ ) 0QSO(+TIX) DOSazts2E0R
200} PG (30mp) 0%2t2-12%) 000N 97%)
000
sLucose
ma
100
oo
€0l
ok
20]
ol —
TR ]

TIME (m )
¥ 12 Note the marked decrease 1n peripheril glucose assimiition The
decrl:ase :n total asssmilation 15 much less marked The effect of msulin 1s ssimilar

1o that seen 1n the normal subject



MAMMARY GLAND AND HUMAN MLTABOLISU 565

If this were true one would expect the effect of glucagon op gluvose
assimiation to be smuiar to that of growth hormone namely 1 depression
of penipheral glucose assimddation From our datu st 15 suggested that the
effect of glucagon (Laily) on the penphernl assimslation of glucose 15
dueectly apposed to that of grontk kormone Ia Figure 13w wilf be noted
that glucagon causes a morhed merease 1 penpheral glucose assimsfation
just as does snsuhn These obsenvatons are invterpicted o suggest that not
only are glucagon and msulin not antagomstic but that the two act m
concest 1o mamtam an adequate rate of penpheral glucose uttizatson The
fact that these two agents have opposing actions on blood sugar and Iner
glseogen 15 entirely consistent with thas concept

Briefly I will mentson a few of our observations on the effects of growth
hormone on amino acid metabolism Duning the early phase of our studies
1 was found that growth hormane speeds the semoval of amwo acds from
the blood and decreases amuno aad excretion following an intrasenous

THE EFFECT OF GLUGCAGON UPON
GLUGCOSE ASSIMILATION

800~ .
[ 0
o~ 38
soof HORMAL
aoof
¥a Xy
2008 -~ LONTROL 00248 aoi4s
BLODD N GLDLAGON QoM QAT
GLUCHSE P~ 1 8may
(mgnt XGHANGE -5% +308
soc}
sof N
L ~ea
[
o}
. N
N
20}
© 9 w W &0 Yo s 82
TINE (ml )
Fi6 13 Note the marked snerease 1 and the ¢

tess marked decrease tn total assumilation



566 HYPOPHYSEAL GROWTH HORMONE NATURE AND ACTIONS

- &~~~ —) Fl123 Mo Pan < 320 ¢

SUBJECT-5(LB) H_,%m“ ceso peRas o e
150 it

L}

130
10

BLOOD AMING 90+

ACID N
) 709

50
30
200+
150

URINARY AMIND ]

acio N %0 //
NG /HR} 1 #
504 4 v
o N
o ey (IS
2 -1 0 1 2 3 & % &
SR TSRS one TIME N HOURS

Fic 14 Note the decrease 1n the miximal blood amino acid nitrogen level
reached and the decreased excretion of amino acids following growth hormone
as compared with the control experiment

nfusion of synthetic ammo acids This effect will be noted n Figure 14 In
view of the fact that no increase in amwmo acid oxidation or increase In
blood volume could be demonstrated 1t was felt that these results were
consistent with the concept that ammo acid retention had occurred as
would be expected if protein synthesis were being stumulated Since the liver
1s a major site of protemn synthesis one would expect that the accelerated
clearance from the circulation and increased retention of ammo acids
observed m the normal subject following growth hormone injection would
not be found n the patient with severe liver damage That such 1s the case
can be seen 1n the data of Figure 15 and here 1t also will be noted that in
the patient with severe myxedema the influence of growth hormone on
amno acid asstmilation and retention was similar to that observed 1n the
normal subject

In summary 1 feel that our studies support the following concepts about
the action of pituitary growth hormone 1n the adult human (Fig 16) (1)

-
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pared with data compuled Irom 5 normal subjects
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Fia 16 Digrammatic summary of the action of growth hormane on glucose
2egumulation and amino acid metabobism and the companson with the action of
wsubin and ghicagon
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O,

infuston of synthetic ammo acids This effect will be noted in Figure 14 In
view of the fact that no increase in ammno acid oxidation or mcrease m
blood volume could be demonstrated 1t was felt that these results were
consistent with the concept that amino acid retention had occurred as
would be expected if protein synthesis were bemng stimulated Since the liver
15 2 mayor site of protemn synthesis one would expect that the accelerated
clearance from the circulation and increased retention of ammo acids
observed 1 the normal subject following growth hormene njection would
not be found 1n the patient with severe liver damage That such 1s the case
can be seen 1 the data of Fagure 15 and here 1t also will be noted that m
the patient with severe myxedema the influence of growth hormone on
amno acid assymilation and retention was ssmlar to that observed in the

normal subject

In summary
the action of pitu!

I feel that our studies support the following concepts about
tary growth hormone n the adult human (Fig 16) [¢3]
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EFFECT OF GROWTH KORMORE
ON EXCRETION OF MINERALO CORTIGOID
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the sodwm retasng factor Finally m the fourth patient the same effect
held true These observations were made dufing some studtes of the effect
of growth hormone on the levels of plasma and unmary amuno acd nitrogen
It should be mentioned thesefore that about 320 ml of an amino
acd solution were infused both durmg the control and growth hormone
periads

In o fusther study we changed our expenmental procedure shghtly We
felt that the level of the 11 and 11 17 oxysteroids was highest m the
mornmg period As many of you know these steroids may mterfere with
1he bio assay of the sodwm retamng factor For this reason we changed
our expenmental setup by deviding the unne coflections nto 3 peniods of
8 hours each On the control day the patient recened mtravenouslty 200
m} of § per cent glucose m water and on the expenmental day he receved
intravenously 100 mg of growth hormone dissolved in 200 ml of 5 per
cent glucose and water As to the data of patient G A m Figure 18 you
will note that there were no signifi of sodium g factor
recovered during the control day while following the growth hormone
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Growth hormone decreases total and peripheral glucose assimilation and
15 an antagonst to insulin m this respect Both of these hormones exhibit
ther action on penspheral asstmilttion but not on total 1ssumilation 1n the
presence of severe liver disease (2) The effect of growth hormone on
glucose assumilation 1s not mediated through the release of glucagon since
these two substances have opposing actions on the peripheral assumlation
of glucose (3) The concept that growth hormone promotes protein
synthesis 1s supported by our observations that 1t accelerates the asstmila
tion and ncreases the retention of adminsstered amino acids and that 3
normal liver 1s mecessary for these effects (4) The action of growth
hormone on glucose assimulation and on amino acid assimilation and
retention occurs i the absence of the thyroid gland

General Discussion

JOHN ¢ BECK (Royal Victona Hospital) For my associates, Drs Venning
J S L Browne Smger and Gareau I would like to present some data
which 15 prelimnary and highly confusing to us We feel somewhat as Dr
Raben dud this morning—we would like to let you m on the confusion
Perhaps some of you can either substantiate or cntically question the obser
vations which I am about to show

For a number of years we have been interested i a bio assay of the
sodmm retaming factor and from some experiments which I am about to
discuss we have obtaned evidence that growth hormone or a preparation
labeled as punfied growth hormone leads to an increased production of
the sodium retmmmng factor We believe that this measure of the sodum
retaming factor 1s actually a measure of urninary aldosterone production

In Figure 17 are shown data from 4 normal males who received a growth
hormone preparation supplied to us by the Horner Company The hormone
was prepared by both the Wilhelm: procedure using ox pituitaries and the
Raben Westermeyer procedure using pig pituttaries We have charted the
time agamnst the excretion of the sodium retaming factor which has been
expressed 1 micrograms per hour equivalent to desoxycort! The
assays were made on the free fraction with one exception and this was
made on the total fractton 1€ the free and conjugated steroids As you will
note (Fig 17) mn patient D K we found no appreciable excretion of the
sodwum retaming factor duning the control period After the travenous
admmmistration of 125 mg of the growth hormone preparation over ap
proximately 30 minutes we found a significant ncrease in the excretion of
the sodum retaming factor A sumilar result was obtamned in the second
patient W W we used the same preparation and the same general expert
mental procedure In the third patent we found a small amount of the
sodium retaming factor the control period and following the admm
\straton of the Raben Westermeyer growth preparation of pig pituitary we
ned a very definite and £ 1n the of

agan obse:
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E W FRasDsen * (Medical Colluge of Virginia) 1 beliese the mereased
Ierels of 17 OH-~corticostermds Dr Moore has found after the admuistra
ton of growth h can be §: ity expl by ACTH t
nation especially where the Raben preparation s concerned Using Dr
Rabens procedure for preciprtating GH from the ACTH-oxycellulose
Sltrate ¥ have seen as much as O 07 USP unn of ACTH per mg of GH
Thus 1f 200 mg of such a GH p 1 had been adi d the
patient noutd have recenved simultancously an mntravenous infusion of some
13 USP umts of ACTH

Qur Swedish GH prepacaton Somacton from which this ACTH con
tammation has been removed was admnistered dady to tnelve patents
with pulmonary tuberculosts without any segnificant ncrease m unnary
excretion of 17 OH cont ds or 17 & ds There was no altera
tion m the pattern of the excreted sterords whuch were determmed after 2
7 14 and 44 days of treatment

The chmeal results m these patents might be of mmterest m view of
Dr Moore s negatve sesults in surgieal comvalesence The daly dose was
1015 mg which was equivalent to 500 umts of a chosen umt the uba
umt The activity of the preparation was about equal to a preparation from
Dr Las laboratory which was used as a standard In addiion 8-16 1U
of msulin were admumstered twice duly The patents were treated from
51022 «ce).s the average was 15 weehs Al of them had advaoced
d 1 bergut Four of the pauents showed wnprave
ment be{ore the trea!mem started The remommng eight patients had far
advanced tuberculosss and were 1 a cntieal condition Weight foss was
coasiderable and no mprovement wvas evident wn spite of prolonged treat
ment and intensive chemothetapy

Followmng the ad: on of GH no sig effect on the m
fammoatory siate was apparent but there was a defimte improvement 1 the
general conditson of zll but one pauent The appetite increased and the
mental and physical vitaltty showed considerable improsement Al but
10 pauents showed a slow mcrease 1 body weight which mcrease ranged
from 4 10 93 kg with an average of 6 6 kg at the end of th~ treatment
No edema was obsenved and body weights did not show a rapid fall when
the treatment was stopped A shight inerease m fasting bleod sugar (max
150 mg per cent) was noted but no gheosuna resulted Otherwise the
GH bad Lutle effect on the anous cluucal and laboratory tests

A few sumidar cases have been treated with msubin alone and some wrh
GH alone No effect comparable 10 what was seen with the combued
treatment has been observed Further expeniments are 1n progress and will
be published by B Carstensen F Paulsen and 1 Roos from Solisdens
Sanatortum Qstersund and from the Department of Pharmacology Um
versity of Lund Sweden

* Previously of the Nardic Hormone Laboratory Malmoe Sweden
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mfusion over a 30 minute period there was defintte ncrease 1n the sodum
retaiming factor The difference between these data and those of the previous
group 15 that the induced effect seems to be delayed when the growth
hormone 15 administered at 2 in the afternoon A similar result was ob
tamed 1n the second experiment of this group (patient D H) Here we
went further and separated the sodium retamming factor on two chromato-
graphic systems namely the Zaffarom and the Bush Again we feel that
there was a defimte response although 1t 1s not as convincmg as found in
the first patient of this second senies Finally 1n the third patient GM
there are findings which leave us totally confused Very high levels of
sodum retamning factor were found i the control period and this we had
not seen previously Followmg the adminsstration of a Raben Westermeyer
growth preparation then available to us we observed no response The
n for this one falure ;m the 7 patients of the senes we are unable to
say One problem of great trouble to us 1s that some of the growth hormone
preparations have not been soluble at a physiological pH range and at best
we are administening a suspension

T€asol
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E W FRANDSEN * (Medicd Colloge of Virgeminy 1 beliese the mcrensed
Tevels of 17 OH corticostererds D Moore has found after the administra
tion of growth hormone can be sausfactonly explamed by ACTH contam:
nation espeerlly where the Raben preparation 1s concetned Using Dr
Rabens procedure for precipuating GH from the ACTH oxycellulose
filirate 1 have seen as much as 007 USP unst of ACTH per mg of GH
Thus if 200 mg of such a GH prep had been ad the
patient would have receved simultaneously an mtravenous miusion of some
14 USP umts of ACTH

Our Swedish GH preparation Somacton from which this ACTH con
tamunation has been removed was admimistered daly to twelve patients
with pulmonary tuberculosis without any sipmficant wncrease 1o uriary

of 17 OH ds or 17 k ords There was no altera

tion 1 the pattern of the excreted stermds which were determzned after 2
7 14 and 44 days of treatment

The chmcal results i these patients mght be of nterest 1 view of
Dr Moore s negative results n surgical convalesence The daly dose was
10-15 mg which was equuvalent to 500 units of a chosen umt the tibia
umt The activity of the preparation was about equal to 8 preparation from
Dr Lis laboratory which was used as a standard In addmon 8-16 1U
of msulin were administered twice dailly The patients were treated from
5 to 22 weeks the average was 15 weeks All of them had advanced
destructive pulmonary tuberculosis Four of the patients showed 1mprove
ment before the treatment started The remaimng erght patients had far
advanced tuberculosis and were in a entweal conditon Weight foss was
considerable and no improvement was evident m spite of prolonged treat
ment and mtensnve chemotherapy

Following the adh of GH no effect on the m
flammatory state was apparent but there was @ defitute improvement m the
general concition of all but one patient The appetite increased and the
mental and physical vitahty showed considerable smprovement AN but
two patients showed a slow mncrease m body weight which increase sanged
from 4 to 9 3 kg wuth an average of 66 kg at the end of the treatment
No edema was observed and body weaghts & not show 2 rapid fall when
the treatment was stopped A shight wcrease n fasting blood sugar (max
150 mg per cent) was noted but ro glycosuna resulted Otherwise the
GH had tutle effect on the vanous climeal and laboratory tests

A few simular cases have been treated with imnsubn alone and some wath
GH alone No effect comparable to what was seen with the combunad
treatment has been observed Further expermments are in progress and wall
be published by B Carstensen F Paulsen and I Roos from Sollidens
Sanatorum O d and from the Dep of Pharmacology Uni
versity of Lund Sweden

* Prevwously of the Nordic Hormone Labosatory Malmoe Sweden
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Drs S Nordstrom and F Paulsen, at the General Hospital Malmoe
Sweden have used the same GH preparation Somacton n < seres of
patients who developed psychotic reactions dunng corticotropin therapy
Their observations suggest that this GH preparation often reverses or
obliterates the psychotic symptoms, at times rapidly, without interfering
with the beneficial or eosmopenic effect of the corticotropin
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Closing Remaorks

C N H Llong
Yale University School of Medicie New Haven

It must be obssous to all who have heard the papers given i thus room
dunng the last three doys that any attempt to draw final conclusions con
cernsng the chemustry or the physiological and metabolic effects of the
growth hormone would not only be untimely but a task bevond the power
of any one indimdual to accomplish The fadure of am such attempt 15
obuously mot due to fach of expenimental data mdeed one of the most
umpressive aspects of this meeting 15 the realization that such a large num
ber of indnaduals on both sides of the Atlantic are engaged i such 2 vanety
of studies on this hormone Rather i 1s to be attnbuted to certain unique
peeulianties of the organ that produces this agent

While the terms master gland and  conductor of the glandular or
chestra are dearly loved by populanzers of sceence they do contawm certan
elements of tsuth There has not been much discussion at this meetng of
what I am sure we would all agree s an owtstanding feature of antenor
prutary function I refer of course to the role of this gland m the regula
tion of other endocrines by means of tropic hormones while sull retaming
the capadity to secrete agents that exert their effects directly on tissues
other than those of an endocnine character This together with the added
fact that the secretions of tarpet endocrme organs such as the adrenal
cortex can 1w turn nfluence the rate of secretion of the tropic hormone
confers on the antenor pituitary an extraordmary degree of control over a
variety of bodily functions It 1s through this that st exerts a regulatory 1o
fluenice on both protemn anabolism and catabolsm on blood ghucose levels
and a vanety of other metabolic phenomena Such changes can be brought
about m theoty at feast by a reduction in the secretion of one agent
leaving the secretion of the other at a normal rate or by an actual augmenta

573
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tion of secretion of one agent alone As an example of the former, I can
cite certam evidence mentioned here on several occasions that adrenalecto
mized animals behave 1n some ways Dike normal or hypophysectomized
ammals given an excess of growth hormone

This takes us at once 1o a central problem n anterior lobe phystology
which also has not been discussed at this conference Ths 1s the question
as to what regulates the secretion of growth hormone Is the growth of a
rat or man from birth to the atl of adulthood panied first
by an ncreased proportion of growth hormone mn the secretion of the
anterior lobe followed by a declme 1n later years or 1s the whole phenom
enon of the endocrine controt of growth merely a progressive change n'
the sensitivity of the tissues to this agent? If it 1s the former then what 151t
m the growth process that stimulates the pituttary to supply the extra
quantities of growth hormone required and by the same token what
changes occur m later life that dampen this secretion?

On the other hand if the blood level of growth hormone 1s constant
throughout life then what 1s the nature of the change in tissue sensitivity
to 1ts presence?

While such questions cannot be completely answered at present they
suggest that there may exist mechamsms within the central nervous system
or the gland atself which are influenced by the composttion of the blood
passing through them a blood which may change from hour to hour day
to day or month to month in 1its content of hormones or products of
metabolism

A first approach to this mtricate phenomenon lies 1n the development of
methods for the detection of growth hormone 1n blood a matter briefly
mentioned by Dr Segaloff but otherwise passed over Surely the develop
ment of such a method would be of the greatest value 1n the resolution of
many problems that have offered contradictions to us during the last three
days There has been much discussion for example on the failure of 0x
growth hormone to cause growth and metabolic changes n certain species
What do we know of the hifespan of this agent in the blood stream of
resistant species as compared to those that are sensitive to its effects Dr L1
and his colleagues have estimated the half life of the hormone 1n the blood
of the rat to be several hours What 1s 1t 1n man?

Years of work have gone nto the problems of assay of growth hormone
and these have been carefully and thoughtfully reviewed by Drs Geschwind
and Russell Nevertheless I am left with the impression that there 15 no
general satisfaction with the specificaty or accuracy of any method used at

present This view s strengthened when one considers what has been the
source of the major contradictions at this meeting I refer of course 10 the
debated question of the absolute purity of any growth hormone preparation
yet prepared and to the ancillary problem a< to how many hormon;s rrcm;l
tribute to the effects observed Unul this 15 settled 1t would seem dillicu
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10 devise an assay method which would speaficaliy mdicate with suficrent
y and the p: of growth hormone m the body

flnds

The guestion of the need of other hormones to obtam growth effects
has been debated i terms of permussiveness of synergism and of absolute
requirement Indeed #t has been pomted out that under centain conditions
alt hormones are growily hormones This 15 true but m many mnstances
ounly when the hormone 15 gnen to an ammal suffering from a deficiency
of that agent Excess of cortisone or thyroun 1s not growth promoting sn
ntact ammals while growth hormone has tus unique charactensiic

A more extreme view 3s that growth hormone does not act directly on
the tissues but 1v wsell 2 tropic agent Dr Selye has suggested on other
occasions !f not at this meetng that somatotropin which l believe he
wdentifies as growth hormone causes the of
We have heard this afternoon a short statement from Dr Beck and the
M 1 fab y with data supp g this viewpoint Dr Best on the
other hand has suggested that msubin 1s the real excitor of protem anabo-
Lism and growth and that the so~called growth agent 15 wisletotropte

This discussion so far as it was carrted Jeft me with the tentative con
cluston that we should not throw away the baby befote we are sure of the
composition of the bath water It would seem self evident that nutritional
vitarmn runeral and hormonal deficsencies do not furmsh the best internal
environmient for growth and reproduction and conversely that these
processes may well requtre extra quantities mot only of the nght nutnments
but of the other hormones needed for the conversion of these nutnents mto
the energy required by these processes

T couid go on a long tune my and of
the papers you have heard but there seems Htte pomt m doing so Further
mate I am no more capable than the rest in formulating answers without
additional expervmental data and it ts overwhelmingly apparent that this 1s
what 15 needed The purpose of the conference was to enable all of s to
assess the present evidence on each of the matters under discussion and it
would be a frmtless conference of st had left us all agreed that all was known
about this hormone

Opuons witl differ on mterpretation as well as on the strength and
validity of the evidence Jasd before us The disclosure of such differences of
opimion and the stmulus {0 return home and do more work was the purpose
of our meeting In both these regards 1t has been outstandingly successful

Let me close by taking a leaf from Dr Astwoods book and express a
Ditle of my own philosophy about endocnimology The papers given today
have emphasized what should never be forgonm which 15 that the hor
mones do not mtiate celtular or These
are wtrnsic properties of the cells alone and the hormones merely olter the
rate at which certan changes occur Indeed 1n some instances the maximal
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change 1n activity produced by a hormone may be only a small fraction of
that gomng on in the unstimulated cell Nevertheless, these shght displace
ments 1f long continued can lead to profound overall changes

Dr Cont reviewed the central q as to the site of action of
hormones on cells, whether these were effects on permeabihity or on enzyme
systems This 1s an excitmg field but I would like to remind you that the
papers we heard on the mode of action of msulin could not have been
given without the prior knowledge of the mechamsm of carbohydrate
degradation and synthests m cells That 1s why I believe we wll not know
all we wish to know about the effects of growth hormone on protem metabo
Iism until we understand a great deal more of the intermedsary metabolism
of protein in the cells As this knowledge 1s acquired I am confident that
much of our confusion about the action of growth hormone will disappear

All this emphasizes that the future of endocrinology 1s mextricably linked
with biochemistry and that we are m a transittonal stage between the de
scriptive type of endocninology and the ime when we can speak of hor
mones m terms of their effect on metabolism Thus has already occurred m
the case of vatamms and I am sure 1t will also be true for the hormones
So let us not be too discouraged by the present contradictions and m
consistencies

Finally, I would like to act as your spokesman m espressing to Dr Buerkt
and the Trustees of the Ford Hospital and Edsel Ford Institute as well as
to the Local Commuttee and staff of the Hospital our sincere appreciation
of the opportumity they have given us at this conference to meet and ex
change 1deas on this topic and to thank them for all they have done to
make our meeting so enjoyable The Hospital and Institute are making a
very real contribution to medical science by holding meetings such as this
and I think that we as a representitive group of medical scientists  should
place this m the records of the meeting







