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Introduction

In this volume are recorded the complete proceedings of an international
symposium, The Hypophyseal Growth 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
in 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 in 1953 and its proceedings were published by The Blakis-
ton Company, Inc. in 1954 under the title of The Dynamics of Virus and
Rickettsial Infections. For the 1955 meeting the subject Enzymes: Units of
Biological Structure and Function has been selected by the joint staffs of
the Institute and Hospital.

The symposium on the growth hormone was attended -by 300 persons
from laboratories and institutions in Europe, England, South America,
Canada, and throughout the United States. Among them were representa-
tives of many scientific disciplines including anatomists, physiologists, bio-
chemists, phannacologists, zoologists and investigators in endocrinology,
animal husbandry, and clinical 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, in certain respects, a
notable occasion. This was apparent to those who realized that the enig-
matic pituitary growth hormone had been under study by one full generation
of investigators and that present at the symposium 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 and H. M. Evans detected growth-promoting activity in
crude extracts of the anterior hypophysis. Shortly thereafter, the series of
experiments by P. E. Smith began defining the various functions of the an-
terior pituitary, 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 pituitary action to dia-
betes. This is not the place to review the history of anterior lobe physiology,
nor is it adequate to highlight just certain milestones along the 30-year road
of scientific effort. However, for those who were familiar with the historical
background it was a memorable experience to have witnessed the joint par-
ticipation of such eminent investigators. As is apparent from the list of
participants on page v of this volume, two scientists were conspicuously
absent. The reader, undoubtedly, will have identified them as Herbert M.
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viii INTRODUCTION

Evans and F. G. Young. Dr. Evans was to have addressed the symposium
following the dinner on the first evening and to have reminisced on the past
30 years or more of investigation in the field of the pituitary hormones. A
temporary illness forced him from participating. Dr. Young was fulfilling
long-standing commitments in South Africa at the time of the meeting, but
his laboratory and philosophies were ably represented by his associate, P. J.
Randle. At this point it is appropriate to mention the contribution 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 night.
He summarized certain 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 symposium operations are
warranted inasmuch as these are reflected closely in the format of the
present volume. As will be noted, the symposium was divided into 5 Parts,
and between some of these there is an apparent overlapping of headings as,
for example, in the subject designations of Part II and IV. Each is con-
cerned with the growth hormone effects on certain structures; yet it should
be apparent that effects on morphology is, for the most part, the essential
topic of Part II, whiie the mechanism of action is the main theme of Part IV.
Another reason for the apparent arbitrariness of subject grouping was the
desire of the Program Committee to devote one full day to the extensive
material on the major metabolic actions of growth hormone (Part III).
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 assigning this material to a part which would permit
an uninterrupted consideration. Inasmuch as the data on growth hormone
effects in man were quite limited and since much of the work, both in this
area and in respect to the mammary gland, was applied or clinical research,
it was decided to combine these into Part V.

This volume was prepared for publication with the view that the recorded
data, methods, and speculations pertaining 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, it was decided that all contributions
to the symposium, having been carefully recorded, would be revised by one
editor and that the material would not be submitted to the respective speaker
or discussor for his own revisions. Obviously, this introduced the consider-
able hazard of misinterpreting the thought or data which the contributor
actually intended to present, particularly in the designated and general dis-
cussion periods. This is mentioned in order to free the participants of any
responsibility for the misinterpretations which may have resulted. Likewise,
proofreading was the sole responsibility of the editors, and the authors

should be relieved of criticism for any errors in the publication of the manu-
scripts.
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Considerable importance has been attached to the discussion periods
which followed each group of papers. With few exceptions, a designated
speaker initiated the discussion period, either presenting data and observa-
tions from his own experience or discussing the previous presentations. All
invited guests were encouraged to contribute in the general discussion
period and all comments were fully recorded. It is hoped that the reader
will devote equal attention to the portions of the volume devoted to the gen-
eral discussions. Only certain brief remarks of the chairmen which con-
cerned the mechanics of running the symposium have been deleted.

Finally, it might be said that the symposium on the growth hormone did
not arise from circumstances which have led to many of the valuable con-
ferences we have witnessed in the past few years. Growth homone, to date,
has shown discouragingly little clinical promise and the symposium was
primarily a meeting of investigators working in the basic biological and
medical sciences. Possibly the status of the pituitary growth hormone is
about where corticotropin quietly rested in 1946, 1947, and 1948 prior to
the notable observations of Hench, Kendall, and others which opened the
floodgates to applied research and clinical trials with corticotropin.' Al-
though, as this conference revealed, there is little at the present time to
encourage the idea that growth hormone will be of similar usefulness in
clinical medicine, nevertheless this possibility is one that cannot be ignored.
For the moment it will be rewarding enough to convince ourselves that
there is a specific pituitary growth hormone, that it can be isolated intact
and in amounts which will permit extensive experimentation, and that it
does manifest anabolic properties in man. Perhaps our thinking has become
conditioned to the rapid metabolic actions of corticotropin and we expect,
unreasonably, that growth hormone will induce immediate and readily meas-
ured changes. If we consider the growth process, we will appreciate that,
even under optimal circumstances, it proceeds at limited rates. Broadly
characterized, normal growth is a subliminal, steady and, usvally, propor-
tionate phenomenon. The limits of our yardsticks must be heeded and it
would be .artless science to expect in short-term experiments quantitative,
or even qualitative, duplications of naturally occurring growth. This sym-
posium was held to sift over the rapidly accumulating data, to compare
techniques of study, to attempt a resolution of disturbing differences, and
to stimulate new approaches which someday may bring usefulness to this
most intriguing pituitary substance.

We wish to gratefully acknowedge the splendid secretarial assistance ren-
dered by Miss Dorothy Reid and Mrs. Nancy Hasegawa and the enthusi-
astic support given to the Program Committee by the administrative and
service departments of the hospital.

RICHMOND W. SMITH, JR.
Detroit, Michigan OLIVER H. GAEBLER
February, 1955 C. N. H. LONG



Contents

Introduction .

Bioassay, Preparation and Physicochemical Properties
of Growth Hormone

Chairman
C. N. H. Long

1. What is Growth? .
Paul Weiss

2. Methods of Detection and Assay of Growth Hormone
Jane A. Russell

3. The Tibia Test for Growth Hormone .
Irving I. Geschwind and Choh Hao L1

Discussion

DESIGNATED .

Albert Segaloff

GENERAL .

F. D. W. Lukens Jane A Russell Irvmg I Geschwmd Albert
Segaloff, Hans Selye, Rita Carriere, George Michaels

4. Comparative Biochemistry of Growth Hormone from Ox,
Sheep, Pig, Horse and Fish Pituitaries .
Alfred E. Wilhelmi

S. Hypophyseal Growth Hormone as a Protein._.
Choh Hao Li, Hubert Clauser, Peter F¢nss-Bech A L
Levy, Peter G. Condliffe and Harold Papkoff

Discussion
DESIGNATED
Maurice S. Raben, Stanley Elhq

GENERAL . .
C. N. H. Long,E Reld F L, Engel C H. L1, Stanley Ellls S J
Folley, Laurance W. Kinsell, Karl E. Paschkis, Abraham White

X1

vii

17

28

53
5%

35

59

70

98
98

102



xii CONTENTS

1l
Effects of Growth Hormone on Certain Structures
Chairman
Frederick L. Hisaw

6. Growth Hormone (Somatotropin) and the Glands of the Diges-

tive System .
Burton L. Baker and Gerald D. Abrams

7. Effect of Somatotropic Hormone (STH) Upon Inflammation .
Hans Selye

8. The Effect of Hormones on Differentiated Tissues in Culture .
Honor B. Fell

Discussion .
DESIGNATED . .
Thomas F. Dougherty
GENERAL .

T. Levitt, Burton 1 Baker E Reld Honor B Fell Frederlck
Hisaw, F. L. Engel

9. Growth Hormone Induced Bone and Joint Changes in the Adult
Rat .

C.W. Ashng M E. Snnpson H D Moon, C. H Lx and
H. M. Evans

10. Growth Hormone and Renal Function .
Harvey L. White

Discussion

DESIGNATED .
D. Harold Copp

GENERAL .

Hans Selye, M. E. Sunpson, Charles Denko, Karl E Paschkls, Mar-
garet Besnak

1]
Growth Hormone and Energy Sources
Chairman
F. D. W. Lukens

11. Importance of the Nutritional State for the Biological Function
of Growth Hormone
E. W. McHenry

107

123

138

148
148

152

154

178

186
186

189

197



CONTENTS

12. Growth Hormone and Nitrogen Retention
Paul D. Bartlett

13. Effects of Growth Hormone on the Metabolism of Amino Acids
Jane A. Russell

Chairman
Milton O. Lee

14. The Role of Insulin in Nitrogen Retention
F.D. W. Lukens #nd S. M. McCann

15. Effect of Growth Hormone on Liver Proteins and Nucleic Acids
E. Reid

Discussion

DESIGNATED .

Charles H. Best

GENERAL ,

Kenneth Crispell, Ernest Knob11 Ph]lllp K Bondy, Paul D Bartlett
B. A. Houssay, Jane A. Russell, T. L.evitt, F. D. W. Lukens, Alfred
E. Wilhelmi, Charles H. Best, Milton Lee, Oscar Riddle, Paul Weiss,
E. Reid, P. J. Randle, F. L. Engel

Chairman
Charles H. Best

16. Diabetogenic Actions of Growth Hormone .
James Campbell
17. Relation of the Metabolic Effects of Corticotropin Concentrates
to Growth Hormone
E. B. Astwood
18. Relationship of the Adrenal Cortex to the Diabetogenic Action
of Growth Hormone . .
R. C. de Bodo and N. Altszuler

Discussion

DESIGNATED .

B. A. Houssay

GENERAL .

Ernest Knobil, Irby Bundmg, B A Houssay, LOUIS Levm, Irvmg
Geschwind, Karl E. Paschkis, C. N. H. Long, Abraham White,
Hans Selye, Charles Best, E. B, Astwood, R. C. de Bodo

19. Growth Hormone and Fat Metabolism .
A. L. Greenbaum

xiii
204

213

225

235

246
246

252

270

286

293

318
318

321

330



Xiy CONTENTS

20. Factors Involved in the Ketogenic Action of Growth Hormone .
Frank L. Engel

Discussion . . - Bt S

GENERAL . . s s ®w
Charles Best, Anne Mxlman Laurance W Kmsu , Phillip Bondy,
J. C. Shaw, Karl E. Paschkis, Paul Marks, James Campbe]l A. L.

Greenbaum, F. L. Engel

v
Growth Hormone and Cellular Systems
Chairman

Carl F. Cori

21. Effect of Pituitary Hormones on Metcoolisin of Isolated Tissues
M. E. Krahi
22. Effect of Growth Hormone on Trunsaminases and Other En-
zyme Systems
Oliver H. Gaebler
23. The Effect of Insulin and Alioxun Diabetes on the Transport of
Glucose and Other Sugars into the Cells of Muscle and
Brain . o y . : .
C R. Park

Discussicn

DESIGNATED

Car! F. Con

GENERAL . .

T. Levitt, O. H. Gaebler Sldney Wemhouse B A Houssay, M E
Krahl, C. N. H. Long, P. J. Randle, C. R. Park, S. J. Folley

24. The Influence of Growth Hormone on Blood Tnsulin and Glu-
cagon Activity
P. J. Randle
25. The Influence of Growth Hormone and QOther Factors on the
Islets of Langerhans and the Pancreas .
R. E. Haist

Discussion

DESIGNATED .

Leslie L. Bennett

GENERAL .

Herbert Sarett, Arnold Lazarow P J. Randle Maunce S Raben
F. D. W. Lukens, R. E. Haist

344

362
362

369

383

394

406
406

408

413

437

447
447

453



CONTENTS

v

Influence of Growth Hormone on the Mammary Gland
and on Human Metabolism

Chairman

Oscar Riddle

26. Mammary Growth and Lactation in Male Rats . : :
W. R. Lyons, R. E. Johnson, R. D. Cole and C. H. L1
27. Effects of Somatotropin and Other Pituitary Hormones on the
Lactating Mammary Gland
S. J. Folley

Discussion

DESIGNATED .

J. C. Shaw

GENERAL . .

C. W. Turner, Joseph Mentes P J Randle 0. Rlddle T chntt
S. 1. Folley, Roger D. Cole, O. H. Pearson, Jacob Furth, Edwin A.
Mirand

28. Human Studies with Purified Pituitary Growth Hormone Prepa-
rations s : .
Laurance W Kmsell
29. Metabolic Studies of the Action of Growth Hormone (Somato-
tropin) in Man
Ephraim Shorr, Anne C Carter, R|chmond W Smnth
Jr., Byrl J. Kennedy, Richard J. Havel, Thomas N.
Roberts, Lawrence L. Sonkin and Ernest T, Livingstone

*

Discussion

DESIGNATED . .
Francis D. Moore, Harold Elnck

GENERAL . .
John C. Beck, Eva W. Frandsen

30. Closing Remarks .
C. N. H. Long

XV

461

473

486
486

492

507

522

552
552

568

573



Part |

Bioassay, Preparation and Physicochemical

Properties of Growth Hormone

Chairman

C. N. H. Long

Yale University School of Medicine
New Haven, Connecticut



i
.8
7
: & 35
. . e A -
- B s
it ) :
- 2 +. b4 .
. x 9
e v ;
- <0 N =
y : 5
P S .
" < =
: A
WF
, . .




1

What is Growth?*

Paul Weiss
Rockefeller Institute for Medical Research, New York

The invitation to give an introductory address to this meeting is a distinct
honor; it also carries a mandate to set the phenomenon of growth in proper
perspective before discussing ‘“‘growth’” hormone. Unfortunately, “growth”
itself has received much less critical attention than have the agents for
which it serves as indicator and assay. To put it bluntly, “growth” is a term
as vague, ambiguous and fuzzy as everyday language has ever produced.
Adopted into scientific language without precise and consistent meaning, it
may be passable for crude description, but is ill-fitted to analytical applica-
tion. Hence, if you ask: “Just what is Growth?”, the correct answer is: “A
word that covers, like a blanket, a- multitude of various things and mean-
ings.” To know “growth” for what it really is, rather than what we are wont
to call it, we must remove that blanket and uncover the underlying facts it
has concealed. This I propose to do in rudimentary sample form as time per-
mits. A close look at the facts will do far more for clarification than would
a host of academic definitions and circumlocutions.

Our notions about growth have been shaped more by usage than by in-
cisive study; they form a sort of scientific folklore. As a result, we find that
various groups, while they all just plainly 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
in weight, gain in organic mass, cell multiplication, mitosis, cell migration,
protein 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 description and interpretation such vague ter-

* Research supported by grants-in-aid from the American Cancer Society upon
recommendation of the Committee on Growth of the National Research Council, and
from the National Institutes of Health, Public Heaith Service,
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4 HYPOPHYSEAL GROWTH HORMONE, NATURE AND ACTIONS

minology as this. The mixture can be no more precise than its vaguest
ingredient.!

Then, what is wrong? Why such diversity of views and versions? The
reasons lie in our unfounded expectation that growth is 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 it were a representative sample of
the tctal perspective. Yet, far from being a single, simple and unitary
phenomenon, growth is conglomerate, complex and intricate, and this is why
it defies formulation in simple terms. What usually deceives us is the sim-
plicity of our tools and terms of measurement, which all too easily nroduce
the illusion of similar simplicity 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 descriptive of the particular system as, let us say, a fingerprint—and
equally empirical. This is the blanket under which a host of disparate events
lie hidden; events, moreover, of opposite signs, some adding to, others sub-
tracting from, the measured body. Since they are not all of one kind and
their shares are unequal, growth can be recorded, but it cannot be under-
stood, without identifying these tributaries and determining their respective
contributions.

Let me phrase this in terms of an analogy. The body is a community of
cells; each cell a community of smaller particles; and each particle an
assemblage of molecular species. Thus, the proper analogue of biological
growth is the growth of a human community; for example, of a city. Here we
rate as growth, for instance, any increase in 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 additions
come from two different sources:  reproduction from within, and immigra-
tion from without; losses, likewise, from death as well as emigration. The
results would be altogether different if instead of just counting noses, we
chose to include in our considerations the physical wealth of the community,
that is, the net gain in goods and estates produced by the members of the
population. To understand its sources would require running inventories of
raw materials, production, conversion, consumption, imports, exports, stor-
age and wastage. Moreover, in either reckoning, the data can have meaning
only in 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 indefinite-
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 in the human popu-
lation, some cells have reproduced, others have immigrated, still 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-Montalcini,? for instance, abnormal enlargements in
the early central nervous system, formerly ascribed simply to “hyperplasia,”
that is, 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 being counted has received additions from an indifferent pool
outside the counted area. Another shortcoming of plain cell counts is that
they ignore all growth of individual cells (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 community analogy, we first
have to agree as to what is, and what is not, real property of the system we
measure, or what has been acquired and what discarded during the meas-
ured period. Food in the alimentary tract is still distinctly out-of-bounds;
even if stored for weeks, as in a hamster’s pouch. But what of this mass once
it has passed into the blood and lymph stream? Though strictly on the
inside, it still has not become converted into substance of the body proper.
Then, what about the food stuffs stored in modified form, for instance, 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
physiological variations do not qualify under this title.

Then, what about the wastes not yet eliminated? And the products manu-
factured by our organs? Take hair or nails or even red cells—terminal
products destined to be shed or otherwise eliminated. In counting bodily
productions, is it fair to include 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 in the interim
but irretrievably lost? Evidently, we ought to be consistent and either count
it all in or all out, neither of which is practicable. We certainly would not
collect secretions, such as slime, urine, sweat and sebum, over a measured
period and add them to the growth record. Yet, we do customarily 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, instead of extruded, hence accruing to the measured mass. Thus
what we measure, is 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 arbitrariness attached to our measurements is about the same,
whether we use total mass, dry weight, nitrogen content, volume, length, or
what not, as reference system. It is even worse when we turn from the body
to its component cells. The cell is bounded by a surface, and we are in the
habit of ascribing any increase in the volume thus enclosed to “growth.” But



