


ENDOCRINE®
N

DEVELO?MENT



The Developmental Biology Conference Series, 1956
HELD UNDER THE AUSPICES oF

THE NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCGIL

Paul Waess
ORGANIZER AND GENERAL CHAIRMAN

THE CONFERENCES

EMBRYONIC NUTRITION
Brown Unwwersity Fuly 23-24
Charman § s NiCHOLAS Reporter and editor DOROTHEA RUDNICK

REGENERATION IN VERTEBRATES
Brown Untuerssty July 23-24
Charman ® G BUTLER Reporter and edilor CHARLESS THORNTON

CYTODIFFERENTIATION
Broun Unnersity July 27~31
Chairmen ERNST MADORN HOLGER HYDEN W E ANKEL V B WIGOLESWORTH
and 13AAG BERENBLUM Reporter and editor DOROTHEA RUDNICK

ENVIRONMENTAL INFLUENCES ON
PRENATAL DEVELOPMENT
Fackson Memorsal Laboratory August 2~4
Charman MEREDITH N RUNNER Reporter and editor BEATRICE MINTZ

IMMUNOLOGY AND DEVELOPMENT
Fackson Memorsal Laboratory August 7~9
Chairman JAMES D EBERT Reporter and editor MAC Y EDDS JR

PHYSIOLOGY-~OF INSECT DEVELOPMENT
Vacdonald College August 14-16
Chairman MAX ¥ DAY Reporter onff edilor FRANK L CAMPBELL

DYNAMIGCS OF PROLIFERATING TISSUES
Brookhaven Natonal Laboratory September 5-8
Chawman © P LEBLOND Reporter and editor DORGTHY PRICE

ENDOCRINES IN DELVELOPMENT
Shelter Island M ¥ September 7113
Chairman B H WILLIER Repe ler and ¢ditor RAY L WATTERSON
MITOGENESIS
Argonne National Labo atory S ptember 24-26
Charman AUSTIN 3t BRUES R porters and editors H s DUCOFF and ¢ F EMRET
WOUND HEALING AND TISSUL REPAIR

Rochefeller Inst tute Oclober 2-4
Chairman $RANCIS D MoORE Reporter and editor w BRADFORD PATTERSON



ENDOCRINES
IN DEVELOPMENT

Edited by
RAY L. WATTERSON

)

THF UNIVERSITY OF CHICAGO PRESS



THE UNIVERSITY OF CHICAGO COMMITTEE
ON PUBLICATIONS IN BIOLOGY AND MEDICINE

EMMET B BAY LOWELL T COGGESHALL
LESTER R DRAGSTEDT PETER P H DeBRUYN
THOMAS PARK WILLIAM H TALIAFERRO

The Library of Congress Catalog Cord
-

SY3MPOSIUM ON ENDOCRINES IN DEVELOPMENT
Shelter Island b ¥ 1956
Endocrines in deselopment edited by Ray L
\httelrson [Chicago] Unnversity of Chicago Press
1959

) 142 0 iMus digs 24 cm (The Dev fop-
motal b logy confr 815 1956

B bhogr phy p 130-141

1 End nmology 1 Watterson Ray Leigbton 1915~
ed 1w Tile (Se resy

QP187 594 1956 6114 59 8368
Lorary IC g

i}

“Tue "Onrversty oF Thicaco e Ummatu BV
Cambsidge Unueruty Press London NW 1 England
The Uniersity of Toronto Press Toronto 5 Canada

© 1959 by The Uniasty of Cheago Published 19,9
Composed and print d by Tee. UAVERSITY OF CHICAGO Prrss
Chicago Hinos US A



Preface to the Series

Development and growth have usually been studied rather piecemeal
as embryology or plant physiology, or nutrition, or oncology as seriation
of stages of chick embryos as cell division m fish eggs or plant root tips
as growth curves of children as hormone response of plumage, as spread
of 2 fungus as repair of a brpken bone or the swelling of a diseased spleen,
by observation, measurenent comparison chemical alteration excision,
transplantation or sheer speculation Yet, mreality all of these are mere
Iy 1solated aspects of one broad continuous spectrum of phenomena
varied manifestations of the same basic principles and elementary proc
esses multiphication of orgamic mass (growth) diversification of that
mass {differentiation) pattern formation (morphogenesis), progressive
change (maturation and aging) and the repair or reproduction of pat
terns after disturbance {regulation and regeneration)

This umty of subject matter has received renewed emphasis 1n the

Developmental Biology Conference Seres of 1956 & record of which 15
now presented m ten volumes mcludmg the present report The sertes
consisted of co ordmated and d Yy D and
workshops organized under the sponsorship of the Biology Counail of the
Duvision of Biology and Agriculture, National Academy of Sciences-Na
tional Research Council with the generous financial support of govern
mental agencies industrnial orgamzations and private foundations and
donors (see Dist at end of Preface)

The Conference Series brought together experts from the fields of
anatomy biochemistry biometry biophysics botany cytology embryol
ogy endocrinology genetics histology 1mmunology mucrobiology neu
rology nutrition oncology pathology physiology radiology and zool
ogy from the Unmited States and abroad less for a display of most recent
technical advances than for a concerted examnation and evaluation of the
contributions of these various specialties to the elucidation of focal 1ssues
of developmental biology Fresh onentation and new tdeas could be ex
pected to emerge from thus pool of cntically distilled Lnowledge by the
imtersection of formerly unrelated trends of thought or by the discovery of
common cores i formerly unrelated sets of data Nearly three hundred

v



Preface to the Sertes

American and fifty four forergn scientists (from nineteen countries) jotned
in this task

To serve the outlined objective, the meetings had to be ruled by the
key words perspective and relmznce All partmpants were admomished to
present only such 10m, ¢ tions,
criticisms, 1ffustrations, questions and quotations as promused to throw
light on the sss1e under discussion that 1s to confine themselves to com
ments of “strategic” or ‘catalytic”’ pertinence, not merely addmg to the
bulk of mformation, but contributing to clanfication order, harmomniza
tion, and comprehensibility Pertinent comments hawever, were wel
comed regardless of whether thev referred to data so new as to be still
largely unknown so old as to have been widely forgotten, so specialized
or technical as to have received limited currency among ‘outsiders’ , so
theoretical as to have escaped the practitioners, or so ‘self evident” as
to have evaded cuitical scrutmy Each participant was expected to draw
from lus store of special knowledge pomts that nught help correct mis
interpretations, indicate the feasibility of new approaches and above
all reveal existing gaps of knowledge and understanding

It 15 evident that a group exercise of this complevon with free give
and take could not possibly ‘ cover the ground ’ m any of the selected
topics within the given time limuts and without sacrificing spontaneity
mformality and depth of penetration Often a few key tssues, profoundly
analyzed and cnitically elucaidated proved far more enlightening than a
hurrted bird s eye view of g large field In cases i which workers from
different disciplines were only vaguely acquainted with one anothers
stock m trade and vocabulary, the time and effort spent desctibing even
elementary facts i order to provide a common ground for communicatton
proved very worthwhle indeed In other mnstances where the facts were
familiar but their interpretation was controversial it seemed preferable
1o let argumentation take precedence over the recital of facts

The foregoing remarks are intended to explam the discursive nature
of these volumes In conferences which combine basic and clinical inter
ests technical and theoretical app h tecular and or con
cepts | and zoological subjects btochemical and morphol
aspects 1t 1s mperative to place the reconcthatton and synthesis of vlew
ponts above all other considerations

In hne with this general precept each conference charman was to
open his meeting with a brief keynote address, staking out the major

ford By phrasing q rather than stating theses

he was to set the stage for free though not necessanly unpremeditated

v
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participation Most of the conferences were closed meetings with attend
ance confined to the invited panel members In a few cases auditors were
admitted Only the symposia at Brown Unwversity, which were co-
sponsored by the International Union of Biological Sciences were open
to the general public

Tor the purpose of pubhcation, an experienced scientist familiar with
the subject matter was appointed as official reporter and editor for each
conference, to attend all sessions without takmg part in the discussions
From the sound tape recordngs of the pmcecdmgs and hus or her own
notes each editor then produced a d version of the confe
These accounts constitute the substance of this series of publications

The mdividual reports vary greatly m form depending on the topic
and organization of each conference as well as on the personal predilec
tions of the editor Only in one instance has the dialogue style been kept,
and even so only after considerable pruning In other cases an entire
conference has been reported as a third person account reordermng the
text rather liberally mto a logical sequence by combimning related frag
ments 1n this process of synthesis an editor assumed the full prerogatives
of an author Most of the reports, however, range somewhere between
these two extremes abstracting the major comments of the various par
ticipants without obhterating their identity yet resorting to verbal quo-
tations mfrequently or not at all Some particapants furmshed ther own
rewrnitten versions of the factual presentations and these were in most
cases nserted in the text as such Inall cases the participants were given
an opportunity to check their respective contributions either in the onig
nal transcript or later 1n the condensed and revised text

The lack of umiformity reflects the mformal spinit of the meetings and
accents the mam theme of the Conference Series that developmental b1
ology 15 currently 1n a state of flux fitting no ngid mold and shaping 1ts
own course as 1t gains momentum by the growth and confluence of 1its
many tnbutaries It 1s hoped that the puhhcanon of this series wll add
to that as did the conf th

To each of the participants but aboveall to the chawrmen and editors
we owe a deep debt of gratitude To the following donors of funds we
reiterate our 1on for gener Atomic Energy Com
mussion US Departments of the Air Force Army and Navy (Medical
Services) Office of Naval Research Fulbrght Fellowship Program Na
tonal Institutes of Health National Science Foundation International
Union of Biological Saiences American Cyanamid Company Diamond
Alkal Company Merck and Company Inc Chas Pfizer and Company

i
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Inc , Rohm and Haas Company E R Squibb and Sons Amencan Can
cer Society and Rockefeller Foundation Spectal thanks are due to Dr
Russell B Stevens, executive secretary of the Biology Council, for carry
1ng the major load m the recording of the conferences and to Mrs Geral
dme A Norton, admumstrative assistant, for her effective help with the
preparations and practial detasls of the meetings

PavL WEDS
New Yope Cury
May 1958
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I
Introduction

The conference was called to order by Dr Wriss, who emphasized
that the sessions would deal with varous aspects of the relation be
tneen endocrines and development He pomted out that this 15 a two
way street Endocnine glands undergo development and as they de
telop they nfl ather organs ncluding other end glands
Development may be considered in a broad sense as the large tudal
wave of change that leads from conception to death not brohen up by
the npples of cyche physiologic activabes Viewed 1o ths ight the study
of endocrines 1 development extends beyond the embryome penod mto

later stages mcluds pubesty b Tegenera
tion pathologic changes and metaplasia Wexss m?roduced DR Wi
viEr ch of the who d the hys

tory and the Inghlights of the subject under discussion

Dr Wietier stated that he began Ins graduate worh at 2 tume when
endocnnology was 1n its infancy He first encountered the term  hor
mone a5 a student of A J Catlson and F R Lslbie at the Unueersity
of Chueago He particspated m the analysis of the freemartin :(fect He
unoted that the goal af the present 1s to exchang,
and understanding of the role of endocnines w the ontogenetic pmcess
He suggested that the subject under discussion should be called ¢ Ge
netic Endocnnology  Wess (1950) comed the title  Genetic Neurol
ogy for a coni e devoted ta probl of devel groath and
regeneration of the nervous system Genefie endocnnology mught be to

Dr Weiss a )l passtng all those processes that

lead up to the mature state of the endocrme system Key issues con
cernmng the part that hormones play in the ontogenetic process should
be presented These should be analyzed and elucdated cntically from
new angles Gaps 1 knowledge and understanding should be empha
sized An attempt should be made to develop a common scheme ot gen

4 mto which aly lated facts can be fitted New
weas should he engendered Exery effort should be made to evalve a







Introduction

4 The receptor responds according to its mtnnsic potentiahities
winch 1t acquires during the course of early development The receptor
develops reaction capacities before hormones are poured info the circu
Tation This concept 1s 1mphed but not specrfically stated m early pa
pers Lilie stated {1917 p 419) “In the case of the free martin we do
not find that male hormones cause the development of any structure
which 1s not represented embryologically i the normal female, the hor
mones act m ts case metely by whibntion or stimulation of normal
embryome rudiments  The concept as we now understand st 1s clearly
smplied here The following quotatton 1s from a later paper by Lalhe
(1929,p 521)  Goldschmidt also (1927) compares his organ forming
substances to hormones So far as embryomc segregation se the an
gin of specrfic potencies 1s concerned the analogy s entirely mappro
puate because as I ponted out with reference to the sex hotmones
{Ladhe 19275) the action of hormones presupposes speafic potency of
the substrate The hormone does not act by creation of segregates but
only by stimulation or miubition of eusting substrates  Clearly the
concept of selective response of the receptor ss snherent in these state
ments guoted from Lilkess text

§ Hormenes act synergistically to produce thewr effects This con
cept can be traced back to a paper of Smuth (1933) or even earher 5f
one reads betneen the hines Soth was the first to show that hormones
produced by the antertor prtustary and by the thyrord have a synergistic
action 1 promoting the growth of the rat This concept has been ton
firmed by mestigations at the Unwersity of Cabiforma utthmng puss
fied hormones such as thyroun and growth hormene (Sumpson Ashng
and Evans 1950 Geschwind and L3 1985} Thus an snterloching ac
ton of hormones is mvolved 1n regulating growth and development

6 A reaprocal mfluence 15 established betneen endocrine glands
This has been emphasized by Moore and Prce (1932) Ther discovery
1s known to everyone working i ths field and certatnly deserves recog
amion here

7 Vertebrate and insect hormones have been 1solated purified and/
or synthesized Farst the synthesis of adrenalin should be mentioned and
next the synthess of thyroun Sterod hormones both sex hormones and
adrenocortical hormones were synthesized later Next should be men
twoned the greatest trumph of alt because 1t dealt wmth protews namely
the determumation of the structure of three species of msuhin molecules
—those of cattle sheep and hogs—by Sanger and s collaboratars s

vecent years (Sanger and Tuppy 195l¢ & Sanger and Thompson
1953¢ & Sanger Smuth and hatar 1954) Almost equally remarkable
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coberent and consistent picture of the role of the hormones in the
growth and development of the orgamsm,

Genetsc endocrinology s a relatively young science, dating back to
the mvestigations of Gudernatsch 1 1912 and Adler in 1914 The work
of Gudernatsch demonstrated that feeding thyroid to frog tadpoles it
hates precocious metamotphosis within a few dags Two years later
Adler reported 1n hts sigmificant paper that destruction of the antenor
pttuitary in frog tadpoles results 1n profound changes in the thyroid
gland (growth retardation, production of a small amount of abrormal
colloid etc ) and Iihewse in the failure of the tadpoles to undergo meta
morphosts These pioneer investigations, although Jaching in finish and
polish, nevertheless opened the field to more critical and refined modes
of expl of the role of m development Progress was rel
atively slow in this subject for four decades Withmn this period there
are certan highlights mn the history of developmental endocrinology, a
few of which follow

1 The functional relationslups between the anterior pitwtary, the
thyroid the adrenals and the gonads are established during the course
of development of the embryo At first the functional dependence of the
vanious glands was stressed Thus 1t was realized that the thyrord 1s de
pendent upon the anterior pitutary in some way Gradually the con
cept of the functional mterdcpendence of the vanous glands emerged
an wnterdependence of anterior piturtary and thyroid, of anterior pitut
tary and adrenal Tt is curious that the emphasis was placed at first
upon the thyroid priuttary relation rather than upon the adrenal pitus
tary relation because Smith (1920) showed that when he removed the
pituitary from tadpoles the adrenal as well as the thyroid 15 affected

2 Sex hormones act during the embryomc development of sex organs
This was demonstrated by the studies of Ltlhe (1916 1917) on the
freemartin One facet of this analysis conshitnted part of Wilker s doc
toral thesis Eseryone 1s famihar with the unpact that this discovery
had upon iestigations of the role of sex hormones in sex differentia
tion

3 The endocrine receptor or end organ serves as a target for hor
mone action The word target should always be used in quotes The
onigin of this term 1s uncertatn it was probably laboratory jargon mm
tially Thete can be no target in the usual sense because a target 15
something that 1s shot at Hormones are not shooting at anything  they
are i crculation they ate piched up selectively The terms receptor
and ‘end organ ' were borrowed from nerve phystology of the Fnghsh

schoot



11
Onlogeny of Selected Endocrine Glands
The Thyrod

Dr WILrieR sntrvoduced the topse by outhning the development of
the thyrord This gland anses from the Soor of the pharynx A small
bud 15 cut off which becomes arrenlar n outhne This crcular body
constricts into two by some process of morphogenesis which 1s not un
derstood resulting 1n formation of two crcular bodies one night and
one left. Thus the thyrord emthehum ewsts m the form of two sacs
Werss inquired whether any abnormahty ss known that affects this da
chotomy He called attentton to the sumlarity of the dichotomy that
oceurs dunng lung development and stated that they wete attemptiog
with some success to bloch the latter expenimentally He emphanzed
that apphcation of the classical methods of embryology to the problem
of the factors ivolved 1 producing the dichotomy of the thyrord ruds
ment would prabably be productise of results Burws remarked that he
could recall no case where this dichotomy 1s completely arrested He did
posmt out that the finished organ is never completely subdivided the
two Yobes remain more of less connected e recalled that a mediap thy
roid can persist W ats own night fo gve mse to a thytod mass which
may even be unbedded 10 the base of the tongue quite close to its ongt
nal pont of engm

WiLrize contipued by stating that this epithelum breaks up mto 2
senes of inferlecking cords surrounded by a connectnve tissue capsule
Between these epsthehal cords are large spaces vesembling sinusoids
filled with blood This blood 1s recerved from a branch of the mnternal
carotid astery (see Wilher 1955 Fig 208) The mmusords are eepe
cally conspicuous at the tume when the nterlacing cords begin to form
fotlicles and collond begins to appear mn them. A critical stage n the
development of the thyroid wnth respect to the formation of smusords
and their association with fothicles oocurs between the tenth and elev
enth days of wcubation 1 the case of the chick

Willses s use of the term epithehial covds  was questioned by Gam

5
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was the determination of the structure of hog beta corticotrophin by
Bell 1 1954 and by Howard et a! 1n 1955 and of sheep alpha cortico
trophin by Lt ef af, of the Unnersity of Caltforma, in 1955 Almost 51
multaneously appeared the work of Du Vigneaud (1950) and his asso
ciates on oxytocin and vasopressin which are small peptide hormones of
the posterior piturtary Thus the constitution of many hormones 15 now
well known Yet how lttle 1s known about the ctucial reactions which
these hormones release in the termunal receptors! Discovery of the
chemical constitution of hormones wiil surely have an mpact on studies
concerned with the mechanism of action of hormones on receptors The
receptor picks up the hormone molecule selectively, somenhat as a tele

viston set pichs up frequencies selectively There 13 some hind of match

ing between hormone molecules and something 1 the receptor They fit
together somehow, and krowledge of the chemical constitution of hor

mones may ard 1 understanding how hormones are piched up selec

tively and how hormones produce changes in receptars
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Ths would argue agamnst the presence of any thyrotrophic hormone 1n
the plasma of the clot

Wess then inquired whether matotic division occurs without concur
rent division of the cytoplasm GAILLARD answered m the affirmative
Weiss then called attention to the fact that there had long been a sus
picion that the neural tube was a syncytial organ but that more pene
trating analyses (Sauer 1935¢ 5 Watterson ef el 1956) revealed 1t
to be truly cellular Cell boundaries are stmply very difficult to see He
also remarked that the electron mucroscope reveals cell boundaries 1n
embryonic stages where they were thought to be lacking He questioned
whether 1t 15 certain that distinct cells are lacking 1n thyroids of em
bryos GAlLLarp answered that they cannot be seen at first with the
Iighest magmfication of the hght mcroscope, even if the preparations
are stained with Hellblay which usually reveals cell boundanes very
nicely One or 2 days later they can be seen Werss commented that he
was emphasizing this point because an extremely interesting principle
of morphogenesis would be nvolved This would be one of the few cases
of a nucleated tube growng out mto a ltnear structure simlar fo the
hyphae of fungi Weiss considered the problem to be worthy of further
mvestigation

WILLIER continued by stating that there 1s considerable evidence that
the primordium of the thyroid can pick up radiwactive 10dine selectively
before there are any follicles indicating that specific cell strains are al
ready wmvolied In other words the cells are already fixed as specifically
thyroid cells He called attention to a recent paper, the reference to
which he could not recall where someone had introduced radicactive
10dine 1nto a human mother following which the thyroid of the embryo
had picked up the radioactive 1odine selectively In this case 1t had
gone through the placenta GarLLArD mentioned that he had some radio
autographs showing the addition of one erghtieth of a mullicurie of J18t
to cultures selective absorption of I*3! occurs approximately 1 day be
fore the first sign of colloid formation occurs 1n vitro 1e  before the
collord can be distinguished histologrcally

Weiss then nquired about the thyroid tissue which grows out from

the explant 1 vitro He was thinhang of the work of Carpenter (1942)
and others He asked whether distinct cefls were visible 1n the epthelial
outgrowth Garwrarp answered that she had cultvated whole organs
and had not obtamed an epithelal outgrowth However, Demuth
(1933) and Ebeling (1924) grew fragments of older thyroid glands on

cover glasses years ago and obtamned epithehial membranes with well
bordered cells
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1arp He mquired whether indradual thyroid cells could actually be
distinguished from one another In his work on thyroid development be
never sees any sign of borders between cells at this time, he sees only
syncytial or symplasmuc cords contamning many nuclet Cell boundaries
appear quite suddenly a lttle later In response to these questions,
WiLLIER asked whether 1t was not true that the cell surface was not
very well defined 1n many ammal hissues particularly during embryomc
development GarrLArp then commented on hus observations on thyraid
development as follows

In thyroid glands cultured in the absence of the antertor pitwitary
and thus in the absence of anterior pituitary hormones, unless the latter
are present m very low concentration in the human or cock plasma
whuch 1s used, collod droplets almays arise quite close to the nucles
Justanuclear, within symplasmuc cords In the chick embryo the droplets
can be found at any place in the thyroid gland in between nucler When
the thyroid gland from an 8 day chick embryo 1s cultivated, further de
velopment of the tissue structure occurs rather slowly This means that
the symplasmic stage sometimes Jast for 2 or 3 days Durtng this period
hundreds of small colloid droplets develop n close relation to the nu
cler they then increase i volume and sometimes push aside nerghbor
ng nucler Gradually a number of nucler become arranged around a big
colloid droplet, and it 1s about this tume that cell borders develop mt

P Follicle develop 15 retarded for 1 or 2 days Follicle

formation begas but follicles with high columpar epithelium are never
formed All cells remain cubordal Even in the presence of TSH (thy
roid stimulating hormone) fully develaped folircles never form in vitro,
although an increased amount of colloid 1s observed Colloid formation
and the arrangement of cells mto follicles are therefore to be considered
as dissocable processes The cords mentioned by Willier do not often
develop duning cultivation in vitro, although they are seen occasionally
1n glands cultnated 1n the presence of TSH In these cases the spaces
between the cords resemble sinuses they are filled with a substance
wiuch 1s shghtly eosinophiitc and with some erythrocytes and mononu
cleate cells

WILLIER stated that some development independent of strmulation
from some other endocrine gland 1s a charactenstic feature of all endo
crne glands but that development will continue only to a certam point
1n the absence of such sttmulation BURNS suid that this 15 certainly
true 1n completely hypophy d amphibian lanae Even rudi
mentary follicles may be present as well as small amounts of colloid
(South 1920} Then development stops without further stimulation
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This would argue against the presence of any thyrotrophic hormone in
the plasma of the clot

Wesss then mguired nhether mutolic disasion oceurs without concur
rent dnston of the cytoplasm Carrrarp answered o the affirmatne
Werss then called attention to the {act that there had long been a sus
picien that the neural tube was a syncytial organ but that more pene
trating analyses {Sauer 1933z & \vatlerson ef af, 1936) revealed 1t
1o be truly cellular Cell boundaties are suuply very dufficult to see He
also remarked that the electton pe reveals cell bound: m
embry eme stages where they were thought to be lacking He questioned
whether it 1s certamn that distinct cells are lacking 10 thyroids of em
bryos GamLarp answered that they cannot be seen at frst with the
Iighest magnification of the hght pe, even if the p t
are staned with Hellblan shuch usually reveals cell boundaries very
meely One or 2 days later they can be seen WEiss coramented that be
was emphasuzing this posnt because an extremely interesting principle
of morphogenens would be mvolved This would be one of the few cases
of a nucleated tube growing out into 3 hnear structure sioidar to the
hyphae of fung Yiewss considered the problem te be worthy of further
mvestzgation

WiLLiEr continued by stating that there 12 corsiderable evadence that
the primordium of the thyroid can pick up radioactive sodine selectively
before there e any follicles wndicating that specific cell strams are al
ready wnvolved In other words the cells are already fixed as speaifically
thyroud cells He called attention to a recent paper the reference to
which he could not recall where someone bad ntroduced radioactse
totme wto 2 buman mother following whick the thyroid of the embryo
had mcked up the rachoactne odine selectnely In this case 1t had
gone through the placenta GAtLLAXD mentioned that ke had some radio
autographs showing the additton of one-eightieth of « muthcune of 118
to cultures selectave absorption of I occurs approxmately § day be
fore the first sign of colimd formation occurs m wire 18 before the
collond can be distinguished histologically

Werss then inquired about the thyroid tissue which grows out from
the explant s vitro He was thinking of the work of Carpenter £1942)
and others He ashed whether distinct cells were visible in the eprthehal
outgrowth Gamrann answered that she had cultivated whole organs
and had not obtaned an epithell outgrowth Howeser Demuth
{1933) and Ebeling (1924) grew fragments of older thyreid glands on
cover glasses years age and obtawed epithehal membranes with well
bordered cells
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WE1ss ashed to what extent 1t 1s possible to dissocate the effect of
TSH on differentiation or rate of development of the gland from its ef
fect on the production of a product, namely, collord GAILLARD answered
that TSH causes only increased production of collord and has no effect
on the development of thyroid structure WILLIER commented that tn
the experiments of Fuge (1940), who hypophysectomuzed chick em
bryos by extipation of the forebram, the development of the thyroid is
slowed by the eleventh day of incubation, suggesting that the speed of
development 1s reduced 1o the absence of thyrotrophic hormone Gar
LarD stated that Fugo’s results caused him to expect that TSH would
have an wfluence on the formation of follicles when added to his thy
roid cultures, but there 1s no such effect Wgiss then iquired whether
TSH has any action on the discharge of colloid from thyraid cells
Garirarn called attentton to the experiments of Gonzales (1956) who
found that thyroxin, mono, and duodotyrosine, as well as some un
knovn 1odine labeled products are present i explanted thvrords but
not an the culture medium Such experiments indicated that no dis
charge of the products had occurred By contrast, corticosteroids pro
duced by explants of the adrenal cortex of young rats are released mto
the culture medium MArTINOVITCH questioned the results obtained by
Gonzales He stated that Pavlowié, Roche and Michel were studymg
the function of explanted thyrotd glands of infantie rats with the aid
of I'®, electroph , and paper ch hy and that they could
demonstrate the presence of mono and duodotyrosme in the culture
medium

Welss then presented a general scheme of problematic mnteractions
and feedback mechanisms that should be hept m mund i an analysis
of any relationshups as complex as those between the pitwtary and the
thyrowd (Fig 1) The gronth and differentiation of the prturtary gland
Tead to formation of a product (TSH) whuch 15 then discharged The
discharged TSH acts on a structute e the process of growth and dif
ferentiation namely the thyrawd gland The latter structure 1n turn s
produciog certam products one of which 15 thyroun which may or may
not be discharged Does TSH affect growth of the thyrmd gland (Fig
1, arrow 1) differenhation of the thyred {arrow 2) formation of the
product of the thyroid (arrow 3), or discharge of the product (arrow
4)? Does the product of the thyroid affect growth (arrow 5) and,or
differentiation (arrow 6) of the thyraid while 1t 13 still inside the thy
roid gland or does st affect growth (arraw 7) and/or dilferentiation

{arror §) of the thysoid cells only after it s discharged {rom the thy
ro1d? Does the descharged product of the thyroid gland also affect the
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production of the product (arrow 9)? Does the discharged product of
the thyroid affect only the discharge of TSH by the pitwitary gland
{arrow 10), or does 1t also affect the production of TSH by the pitur
tary (arrow 11)? Does discharged thyroxin have any effect on the
growth (arrow 72) and/or differentiation (arrow 13) of the pitustary
gland? Perhaps within the thyroid there 1s some sort of antagomistic re
lation between growth and differentiation such that, when growth 15
stimulated, dfferentiation 1s inhibited (arrow 14) or vice versa (arrow
15) Perhaps the mere act of discharge of the thyroid product stunulates
the thyroid gland to produce and/or to accumulate more of its product
Such a diagram serves to emphasize the fact that merely stating that
TSH produced by the pitwitary gland stimulates thyroid activity and
that thy roxin produced by the thyreid gland inhibits pituitary activity 1s
an oversimplification of the acteal sitnation

ToNUTTI recalled that Rawson and Money (1949) were concerned
with some of the questions raised by Weiss and stated that Fabbrim
(19552) working m his laboratory studied the mfluence of thyroxin
and truodothyronme on the growth promoting action of a given amount
of TSH on the thyroid gland of hypophysectomized rats where no release
of TSH 15 possible The growth promoting action of TSH was found to
be diminished Secar pointed out that the admimstration of a gien
hormone causes hypofunction and atrophy of the corresponding endo
crme gland It certainly does not cause growth of the gland that nor
mally secretes the admimistered hormone This 1s true for thyroxn ad
munistration and its effect on the thyroid sex hormone admimstration
and 1ts effect on the gonads or corticord admimstration and 1ts effect on
the adrenals This principle also holds when there 1s an imbalance 1n
the production of endogenous hormones In cases of hyperfunction of
the adrenal cortex with an overproduction of adrenal androgens gonadal
hypofunction results Segal belteves that the possibility that a hormone
can exert an effect on the organ producing it still remains open

Moo stated that 1t has been shown expenimentally that administra
tion of cortisone causes no additional reduction in the size of the ad
renals of hypophysectomized rats SecaL agreed but pointed out that
by that time the adrenals are down to the minimal size, which 1s inde
pendent of the trophic action of ACTH He suggested that before this
mimmal level 1s reached the direct action of a sterord hormone on the
adrenal cortex must still be considered a possibility For example the
direct inhibitory influence of steroids on one or the other compunent
of the embryonic gonad 15 clearly shown by experiments nsolving ad
mmstration of steroids to amphibian larvae sex reversal 1s the con
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sequence This occurs in the presence or 1n the absence of the hypophy sis
(Chang and Witschy, 1955¢) ToNuTT mentioned that in thewr unpub
Tished studtes of nuclear size i the adrenal cortex of hypophysectomized
ammals they found no additional dectease 1n size after admuustration
of cortisone

WiLLrer then called attentton to experniments carried out by one of
s former students (Dossel, 1954, 1957), who 1solated the thyroid sac
of chich embryos and transplanted 1t to some otber location on the
body of another embryo In certan experiments 1t was placed m the
head close to the host pitwitary, mm other expertments it was placed
posteriotly, near the base of the allantoic stalk When transplanted to
the head, together with its surrounding mesenchyme 1t forms a mass
of typical thyroid tissue But 1f the thyrowd sac 1s transplanted free
from 1ts surrounding mesenchyme (removed either by enzyme treat
ment or by dissection) no growth of the grait occurs Thus the local
mesenchyme of the thyroid rudiment seems to have a highly specific
action, foreign mesenchyme of the head will not substitute for 1t in
such a way as to enable the thyroid rudiment to undergo further de
velopment Strularly, the foreign mesenchyme of the tail cannot sub
stitute for the specific mesenchyme of the thyroid gland Thus the
mesenchyme of the thyroid gland appears to play an important role
m the development of the thyrod but the nature of this role remains
unknown GAaILrArD recalled the very similar role of spectfic mesen
chyme 1o the development of other structures as demonstrated by
Grobsten (1953) BurNs mentioned that the particular mesenchyme
m the ity of the bulbe urethral glands can be recogmzed before
the gland itself has developed very far A large area of condensation
appears 1 the mesenchyme lateral to the urogemital sinus at the pont
where the bulbo urethral gland 1s to appear The gland itself 1s repre
sented at this time by a small bud on the surface of the sinus Probably
the mesenchymal capsule of other glands plays a much more sigmificant

role 1n therr devel than has pi ly been d Weiss
remnded the conference that he had long been an advocate of the
notion of 1on of the )i If the pre hyme of

the hmb bud 15 isolated and 1s dissocrated into its mdmadual celly
which are allowed to reaggregate at random 1n vitro cartilage of the
limb type 1s formed If the mesenchyme around the eye 15 smularly
1solated and dissociated 1nto mdivrdual cells before there 1s any cartilage
or pre cartilage a plate of sclera cattilage forms followng their reaggre
gation 1 vitro and this type of cartilage 1s quite different from that

"
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production of the product (arrow 9)? Does the discharged product of
the thyroid affect only the discharge of TSH by the pitwtary gland
(arrow 10), or does 1t also affect the production of TSH by the pitut
tary (arrow 71)? Does discharged thyroun have any effect on the
growth (arrown 72) and/or differentiation (arrow 13} of the pitwtary
gland? Perhaps within the thyroid there 15 some sort of antagomstic 1e
lation between growth and differentiation such that, when growth 1s
timulated, diff 10n 1s d (atrow 14) or vice versa (atrow
15} Terhaps the mere act of discharge of the thyroid product stimulates
the thyroid gland to produce and/or to accumulate more of sts product
Such a dagram serves {o emphasize the fact that merely stating that
‘TSH produced by the pituitaty gland sumulates thyroid actvity and
that thy roan produced by the thy rawd gland inhibits patmtary activity 1
an oversimphificatron of the actual

ToNuTrr recalled that Rawson and Money (1949) were concerned
with some of the questions raised by VWerss and stated that Fabbriri
(1955a) working 1 his laboratory, studied the mfluence of thyrown
and truodothyronme on the growth promoting action of a given amount
of TSH on the thyroid gland of hypophy sectomrzed rats where no release
of TSH 1s possible The growth promoting action of TSH was found to
be dimmished SEcAL pointed out that the admumstratton of a gnen
hormone causes hypofunction and atrophy of the corresponding endo
crmne gland It certainly does not cause growth of the gland that nor
mally secretes the admunistered hormone This 1s true for thyroun ad
minstration and 1ts effect on the thyroid sex hormone admimstration
and 1ts effect on the gonads or corticord admumstration and its effect on
the adrenals This principle also holds when there 1s an unbalance in
the prod of end : In cases of hyperfunction of
the adrenal cortex with an overproduction of adrenal androgens gonadal
hypofunction resuits Segal beheves that the possibthty that 2 hormone
can exest an effect on the organ producing it still remams open

Mooc stated that st has been shown experimentally that adnunistra
tyon of cortisone causes no additional reduction m the wize of the ad
renals of hypophysectomized tats SecAr agreed but pomnted out that
by that ttme the adrenals are down to the munmmal size which s inde
pendent of the trophue action of ACTH He suggested that before this
runmal fevel 15 reached the direct action of a steroid hormone on the
adrenal cortex must stil) be considered a possiihty For example, the
dueect mhibitory wfluence of sterords on one or the other component
of the embryome gonad 15 cleasly shown by experiments msolving ad
mmistration of steroids o amphibian lariae sex reversal ss the con
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The development of a second endocrine gland the adrenals was then
reviewed by Dr WrLerer He recalled that this 1s 2 compostte organ
composed of cortex and medulla and that these two components have
separate otigins The cortex an es from a series of cords that invaminate
from the coelomic epithehium just antenor 1o the site of the embryomc
gomads The meduliary or chromafin cells anse from the sympatho
blasts, which are capable of forming esther sympathetic neurons or

cells The hoblasts are presumably dervatives of the
neural crest Willier (1930) demonstrated that the cortex can amse
qnte mndep y of the sympath At least 1t 15 pos

sible to obtam chorio aliantoie grafts coraposed of typical cortical cords
m the complete absence of chromaffin cells Such grafts atre isolated
ongnally from donors 1n the head process stage He stressed the fact
that only those sympathoblasts which come to 1ntimate contact with
cortical cells gne the chromaffin reaction this reaction indicates the
presence of ad or drepalin the of adrenalin He
stated that the sympathoblasts of mammahan embryos mgrate through
the cortex as Ditle nests of cells (Fhint 1900), winch develop a char
actenstic vascular pattern resembhng, the glomerult of the kudney (see
Wilker 1955 Fro 209, B) After onset of this mugration the sym
pathoblasts not only show the chromaffin reachion but al<e react pos:
tively to physialogic tests for the presence of adrenalin However, 1if
contact of svinpathoblasts with cortex is essenhal for the Qufferentiation
of these cells into medutlary cells of the adrenal 1t 15 difheuit to under
stand why other sympathoblasts which do not make tlus contact are
able to differentiate into the organs of Zuckerhandl, 3¢ nto the
chromaifin bodies located up and down the vertebral column These are
known to contan Ln or di the latter pred
1 the fetus the former m the adult

WiLLEER also emphasized the speafic pature of the circulatory pat
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of a2 hmb Thus the mesenchyme 15 cleatly differentrating 1n each case
1n accordance with the organ terrttory from which 1t 1s taken

WrLLier then called attention to still another strihing example of the
d ation of the hyme provided by Carrns and Saunders
(1954) A piece of mesenchyme taken from the prospecte thigh re
gon of a leg bud of a chick embryo and placed mn the prospective
shoulder regton of a wing bud induces formation of tigh type feathers
on the wing Thus the mesenchyme of the leg bud 1s already specified
at the time of transplantation, not only as leg mesoderm but as meso
derm of a specific region of the leg He suggested that there 1s a great
diversity of problems which could be analyzed to determne the role of
specific hyme 1n the devel of endocrine glands and en
docrine receptors

SecaL added still another example of this phenomenon In the de
velopment of the adrenal of selachians, Chieffi {(1952) described a mass
of cells that he beheved to represent a proliferation of the coelomuc
epithelium or of the dorsal root of the mesentery These cells give nse
to the adrenal cortex They could Just as well be interpreted as a con
densation of the mesenchymal tissue in this regton Thus they could
be wnterpreted as a specific part of the mesenchyme which plays an 1m
portant role in the development of one of the endocrine glands WeIss
stated that actually, the entire mesodermal component of the himb bud
of the tadpole comes from the coelomic epithehum The peritaneum be
comes loosened 1n a locahzed area and cells migrate out to form the
solid mass of h which the dermal core of
the imb bud (Taylor, 1943 1944)
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areas which are, n fact continuous with each other 1f observed early
enough i development Witschu s Figure 85 (1956) shows a stage yust
after hatching 1 Rana sylvatica larvae, the Jateral mesodermal plates
have fused 10 the md line The nght and left cardmal vems are still
lateral in postion but they now begn to mugrate medully, to fuse
ventral to the dorsal aorta to form the single caval vem In doing so,
the night and left cardinal veins cut beneath the intermediate meso
derm  eparating the lafter from the lateral mesoderm The night and
Jeft masses of intermediate mesoderm then mugrate medially unt they
fuse i the dor al mud hne between the dorsal aorta and the newly
formed caval vein, to form the first definitive adrenal mass From this
the right and left adrenals tually start ther L mugra
hon along the venous lacunae bordenng on the mesonrphnc bodies
(Witschr 1956 Fag 90) The cortical elements are then jomed by
sympathoblasts, which leave the sympa(.benc gangha These nests of
5y hobt; assume ch 1stics as they leave the
gangha and gne nse to the adrenal medulla Thus there really 35 not
much difference 1 the two views concerming the ongin of the adrenal
cortex The one states that the cortical rudiment anses from the roe-
lanuc epithelum  the ather that the cortical rudunent ongmates from
the wtermediate mesoderm Both sources are actually continuous at
earher stages than those usually exammed

SecaL called attention to one other pont The interpretation pre
sented above emphasizes that the adrenal cortex and the medullary
compenent of the gonads zctually hase a common ongm from the
mtermediate mesoderm Hence the functional similanties between the
two become reduced to an embryological basss It thus becomes possible
10 speak. of the steroid glands—the adrenal cortex and the gonadal
nmedulla both onignate trom a common prmordium

GATLLARD then commented on some wnpublished observations of Dr
Schaberg made in hus laboratory on the functional actmaty of adrenal
glands of the 5 day rat grown m witto He cultivates the outer portion
of the cortex with the adjacent connective tissue After a few days the
connective t1 sue capsule grows to surround the whole explant and all
spongiocyte type cells disappear Only a very regularly distributed
glomerulosa type cell develops In confronted cultures where this type
of adrenal cortical explant 15 combined with fresh antenor pitutary
fragments talen from rats of the same age fauly Jarge vacuolated
cells develop inside the adrena) explant these exhbit all the cytolagic
characteristics of the stimulated spongiocyte type cefl But 1f the an
terior hypophysis tissue 15 cultvated for 6 days prior 1o combinmg
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tern of the adrenals, which 1s present by the time the glands are known
to be producing vanous cortisones The development of the charactens
tic palisade structure of the adrenals 1s not dependent upon the devel
opment of this specific circuiatory pattern MARTINOVITCH showed a2
photomicrograph of a section of a cultured adrenal gland taken from an
mnfantile rat, the typical palisade structure had developed i witro in
the absence of blood vessels Wriss suggested that the pahsading of
the adrenal cells, 2s well as the special orientation of the capilanes,
probahbly represents a response to <ome more basic structure of the
ground substance, instead of one being the cause of the other KoLLros
seferred briefly to hus work (1949), which showed that grafted heads
of tadpoles develop an arrangement of the major blood vessels at the
surface of the bram, as well as of the capillanies, which 15 quite dif
fecent from narmal brans This would seem to mmply that the basic
structure of the yround substance of the bram 1s not the only factor
wvolved 1 the development of specific vascular patterns For example,
there e fewer radmlly arranged penetrating vessels 1n the mdbram
portion of the graft than in the corsesponding region of control embryos

TonurTt mquired whether anyone participating i the conference
was famuliar with the so called second proliferation of the adrenocortical
tissue In the human embryo the first prolferation from the coelomc
epithelium forms the fetal cortex whereas the second probiferation oc
curning after birth establishes the defimtnve adrenal cortex at the surface
of the fetal cortex (heene and Hewer, 1927 Uotila, 1940) This caused
BURNS to comment on the pavallel between the development of the
adrenals and that of the gonads They are located very close together
1n early stages of development and they both show two generations of
proliferation, resulting 1n the case of the gonad in the formation of
two generations of sex cords The development of these two structures
becomes ncreasingly parallel the more 1t 15 pursued

WiLLiER then called attention to the fact that Watschr (19>6) pre
sents a different account of the origin of the adrenals from the one given
above SEGAL presented Witschi s pomt of view and attempted to show
that there 15 actually very hittle m the tno mterp
He referred to Figure 54 i Watschis textbook, which shows the
termeduate mesoderm of Hyla crucsfer located between the sorute meso
derm and the lateral mesoderm The regton of the lateral plate that
will later become the splanchnic mesodermal plate 1s m direct contact
with the mtermediate mesoderm 1f this relationship 1s hept 1n mind
1t 1s clear that the question concermung the ongin of the adrenal cortex
15 stmply whethes it anes from one or the otber of the two mesodermal
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with the antenior pituitanes in tissue culture 113 nerve fibers GATLLARD
answered that no such fiber connections are estabhshed 1n the cultures

ScuNFIDEPMAN then stated that, although 'y subst:
ate tremendously important in the co-ordination of endocrine activihies,
inyestigators have succeeded 1n getting 1solated neurosecretory matenals
1o work 1n only a few wstances For evample, 50 st worm bramns can
be ground up and extracted, and the extract can be tested jor neuro
secretory activity 1n an appropriate wsect tet system But there 18 no
actmty However, if a sigle lnving bramn 15 implanted into the same
test system, tremendous neurosecretory actiity 1s obtamed Only
Gullermn (1957) and Gwllemin ez @/ (193> 1936} succeeded n get
ting active extracts from the vanous hypothalamuc nucler of mammals
Toxurti mentioned that he had m:sde such :xlracts and that he could
also 1solate active by qr ScunrL
DERMAN then inquired whether they are protemaceous matenials Tovurz
answered that they are polypeptides Moo added that Saffran Schally,
and Bentey (1935) had some evidence that the corticotrophun releasmng
factor 1s a peptide WrLrrer then asbed whether the postenor pitustary
has the same effect as the hypothalamus he would expect this since
neuroseczetory nerves from the hypothalamus terminate in the neural
lobe of the pitwtary GAILLARD answered that this bas not been tested

arTINOVITCH then painted out that spongiocyte-lihe cells can ap
pear m cultures of rat adrenal glands in the ahsence of both the piturtary
gland and ACTH They either form as 1slands of cells 1n the mass of
undifferentiated cortical tissue or are scattered through it indwidually
or 10 pawrs Sumlar cells are found in adrenal glands of hypophysecte
mized gratted rats and i the adrenals of animals wiich are incompletely
hypophysectomized (Martinovitch 1935)

WirLier mquired whether Gaillard had made any histochermcal or
cytochermeal tests on adrenal gland  cultured m vitro GarLrazo re
phed that spongiocytes give a positive reaction to Sudan blach Witrier
then asked whether the reactions are any different when the antenor
pitwitary 15 as ocated with the adrenals in witro GArLLarD answered
that the typual reactions are found as soon as the spongiocytes have
developed under the nfluence of the antenor hypophysis Secar ashed
far a description of the normal adreml gland at this stage Gamrarp
stated that they shaw a i with 2 zona gl \f
and 2 zona fascicufata But as soon as they are explanted all fascicu
lata type cells disappear Most of them die If fresh antenor pitmtary
ot ACTH or cultured pitwtary tissue plus hypothalamus 1s added to
the adrenal cultures after the cells have d d, this
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fragments of this gland with the explants of adrenal cortex, 1t has no
effect on the latter Adrenal cortical explants cultivated n the presence
of ACTH exiubit the same hind of changes as under the influence of
fresh anterior pitmitary tissue In fact, Dr Schaberg studied the effects
of different concentrations of ACTH (from 10 1U/cc to 1/1000 000
IU/cc) An optimal effect 1s obtamed with 2 FU/cc to 1/50 TU/cc
Constdering the fact that fresh anterior hypophysis explants and ACTH
give analogous effects, 1t seems Iikely that the fresh hypophyss hssue
releases ACTH 1mnto the culture medigm

In order to study the effect in more detarl 1t was decided not to try
to estimate the amount of ACTH 1n the medism because his hormone
1> known to be a rather unstable compound m blood plasma at 37°C
Instead, 1t was decxded to try to estimate the amount of corticosterone
1n the medium with the help of the Saffran test (Saffran and Schally
1955) Transformation of glomerulosa cells into spongiocyvte cells al
ways comcides with an increased amount of corticosteroids m the me
drum Conversely no increase 1n corticosteroids 15 found when forma
tion of spongiocy tes does not occur

As described above, precultivation of anterior hypophysis tissues
leads to a los< of effect on adrenal explants This Jack of effect could
be overcome by the addition of hypothalamic tssue taken from the
region of the median emmence This discovery reveals that the cul
twvated antertor hypophysts tissue is still capable of releasing ACTH
but that st lacks some actrvator which normally ongmates m the
hypothalamus SCHNEIDERMAN 1nquired whether 1t was necessaty to
have cellular continurty between the hypothalamic tissue and the cul
tured pituitary mn order to get this effect GAILLARD stated that such
continuity is not necessary SCHNEIDERMAN pomted out that this is
exceedingly interesting because, to s knowledge there have been fev
demonstrations of an action of npeurosecretory cells i this manner when
they are separated from their normal end organs GAILLARD commented
that n the present experiments hypothalamus tissue and anterior hy
pophysis tissue are cultured in the same medum but at a distance of
about 4 cm from one another Nevertheless, products originating from
the hypothalamic tissue evidently reached the antenor hypophysis tis
sue The latter reacted by producing and/or refeasing ACTH which
1n turn, stimulated the glomerulosa cells to transform 1nto spongtocytes
which produced and released Letosterords into the medium SCHNEIDER
MAN then a ked whether extracts of hypothalamic tissue can exert
symilar effects GATLLARD replied that this type of analysts 15 under
nay Wetss mquired whetber hyp hall cells blish
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a number of cases he decapsulated glands of 15 day rats by removing
the glomerulosa ang a portion of the fasciculats and tran planted them
1nto the antetior chamber of young rats Some of the cortical cells
the tran plant survived for as long as 6 months e mentioned that
other wothers have obtamed sumiar results with fragments of de
capsulated glands

Tonurtt suggested that under normat conditions there 3s no migra
tion from the capsule toward the medulla thus probably occurs only if
the mternal part of the gland i temoved He showed a shde of the
adrenal cortex of a normal mouse with the three layers present after
hypophysectomy there are only a promnent glomerulosa and reticulans
Tf ACTH 5 added a)l the cells become of the fascxculata type just as
Galtard found sn tisue cultures Tonutts believes that when the ad
renal operates under normal conditrons and all three layers are present,
it s the quanuty of ACTH which controls the development of the
several Iayers When there 1s a strong sumulation, the glomerulosa and
reticylans disappear  thic means that the glomerulosa and renievlars
cells have transformed nto fasciculata by sue  after hypophysectomy
there 18 progres we and retrogressue transformation

Tonutti then called attention to the fact that he has collected data
{rom the hiterature concerning the time equence of development of the
different endocrine organs in the human embryo (Tonutts and Fetzer
1956) The data are presented as three diagrams Figure 2 shows the
formation of the antage Figute 3 shows the first steps in tunctional
differentiation  Figure 4 shows the maturation of the organs after birth
In the case of the adrenal, the fetal cortex disappears after birth (in
volution of inner zone) and the permanent cortex 1s built up by the
outer Iaver of the gland (deselopment of the outer 2zone) Full matura
tion of the cortex takes about 14 years This means that it 15 completed
at the time of puberty This agrees wth the fact that the metabolic
compounds of adreno teroids 1n the unne attain the gualtative and
quantit stive pattern characteristic of adults at the time of puberty Weiss
ashed whether the same cortical cells are present duning those 14 years
ToxuTts stated that the same population of cells probably persists

‘The expeniments ot Case (1952) one of Willier s <tudents were then
tevicwed by Writier He noted that development of the adrenals of
chich embryos 1s definitely retarded by the eleventh or twelfth day of
mcubation n the ab ence of the pitutary For example the amount of
ascorbie avd does not tise but remams at the level charactenstic of
adrenals of normal 12 day embryos accumulabion of ascorbic acid 1s
one of the hnown indexes of the functional actity of the adrenals
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cell type reappears and develops everywhere 1n the cortical zones This
mdicates that the glomerulosa type cells can react and develop second
anly nto this type of cell

MarTiNoviTeH ratsed a question about the role of the capsule 1
the development of the cortex He stated that mn the past many 18
vestigators beheved that the capsule could gne nse to cortical cells
Howerer, the evidence obtamed both by 1n vitro studies and following
graftiny, shows quite clearly that mn the rat new cortical cells anse only
from pre eusting ones (Martinouiteh 1955) In § to 6 day old ex
plants of whole adrenals the cortical Jayer undergoes profound degen
eration except for a parrow strip of tissue clase to the capsule After
transplantation of the explants to host ammals there occurs a rapid
proliferation of these persisting cortical cells, especially those which
form the first six to etght rows of cells bordering on the capsule Al
though some cell drvision occurs m the capsular layer, the number of
dividing cells here 15 not great There 1s no clear cut evidence that celfs
of the capsule are transforming into cortscal cells Thus m the regen
erating gland the sunviving cortex appears to be the sole source of ongmn
of all new cortical cells

YWniIer stated that it was his general mmpression that there are a
few cortical cells leit behund next to the capsule WEIss inquired whether
they are stem cells WILLIER replied in the affirmative and stated that
he believes that they are probably stamped as cortical cells WEISS
then inquired whether mutoses are normally found in these cells
TonvUTTI rephed that in the human adrenal there are always some
undifferentiated cortical cells within the capsule (Bachmann 1954}
MARTINOVITCH stated that such divrding cells are seen by the thousands
{following tran<plantation of explants WETss then ashed whether there
1s a slow continuous mutotic activity here or whether this activity must
be actnvated by some estraneous stunulus ToNUTTI replied that some
dividing cells are alnays found there but that more activity occurs
when the graft 1s stmulated WILLIER commented on the fact that there
has been a good deal of controversy about the origie of the new cortex
but that the part of the cortex adjacent to the capsule has generally
been regarded as a prohferative zone whereas the cells at the mner
portion of the cortex are used up somehow Thus the cortex 1s visualized
as constantly gamng cells penipherally and con tantly losmg them
centrally

MarTiNovitce emphasized that under esperimental conditions the
1nner cortical cells are not used up They may survive for jong periods
of tume without undergoing mitotic division (Martinovitch, 1955) In

18
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Ontogeny of Selected Endocrine Glands The Adrenals

WiEss inquired whether this reduction 15 for the whole gland or on a
per cell basis Wrouter mformed hum that 1t 1s for the whele gland
WEIss then asked whether the grawth of the organ 1s reduced WrLrirr
answered that the wet weights of pairs of adrenals are less than normal
after the fifteenth day of mcubation and fail to increase above the level
attamed by normal 15 day embryos Moo pointed out that the amount
of ascorbic acid reported by Case 1s the total for the entire gland
medulla as well as cortex as determined by the method of Roe and
Kuether (1943) and that hus results are expressed as so much ascorbic
acid per milligram of adrenal tissue Consequently, the concentration
of ascorbic acid 1 the cortex itself remamns unknown WILLIER also
mentioned Case’s observations on the ipid content of the adrenals fol
Jowing hypophysectomy The amount of hipid contaming cortical ma
terial 15 greatly d hed m partially d embryos at least
by the eighteenth day of mcubation Whether 1t 15 diminished at earlier
stages 1s not hnown When ACTH 1s mjected subcutaneously on the
twelfth fourteenth and sixteenth days of mcubation larger amounts
of lipid contatning cortical matenal are present by the eighteenth day
of incubation but the total amount 15 not equal to that of normal
embryos Despite the apparent increase in cortical elements after treat
ment with ACTH there does not appear to be any mncrease mn total
size of the glands These observations ndicate that the adrenals of
prturtaryless embryos can accumulate ascorbic acid and ipids to a Im
1ted extent but that they cannot accumulate them in the quantities
charactersic of normal embryos Thus it appears that the antenor
pituitary plays some role in the further development of the adrenals by
accelerating the rate of their and the of these
substances This means of course that anterior pitwitary hormones are
relea ed 1nto the circulation of the embryo n effective amounts
The discussion then turned to the work of Moog on the effects of
ACTH on adrenal growth and adrenal secretion in the intact chick
embryo (Moo, and Ford unpublished) An ACTH solution 15 1mjected
nto a vein on the chono allantois at daily intervals from 10 days on
the dose 15 025 mg of ACTH per day The relative weights of the
adrenals of treated embryos are conststently greater than those of the
controls from 12 days on (Fig 5) At 13 days the P value of the mean
difference between experimental and controls 1s above 005 but for
all other days the differences between experimentals and controls are
highly significant  Although Case (1952) found that the adrenal weight
n his partially decapitated embryos did not begin to fall behind that
of the mtact controls before 16 days the present results demonstrate
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Ontogeny of Selected Endocrine Glands The Adrenals

dlse Weiss evpressed Ins concern about the effect of ACTH mjections
on body wesght Moac stated that the body 15 somewhat smaller than
normal from 135 days on Weiss then commented that anythwg that
depressed the growth of the sest of the embryo would of course, raise
the values for relative weights of the adrenals even if there is po effect
on the adrenals Mooc agreed but pownted out that the percentage dif
ferences sn adrenal weights are constderably greater than those i body
weights WEIss thens asked whether the absolute weights of the adrenals
are shightly elevated or shightly depressed “Mooo anvwered that they
are strongly elevated At 15 days for example, the adrenals of wjected
embryos are twice as heavy as tho e of controls, and the diffesence 15
ughly sigrificant She also mentioned that ACTH elevates hver glyco
gen but stated that the mechamsm of its achion 15 ot clear It also
causes an enlargement of the spleen for reasons which are not under
stood Both these effects are appatent by 13 days 12 at a time when
the effect on the absolute weight of the adrenal itsell 13 not clearly
significant WrLrxeR then recalled that Case (1952} had reported that
the spleen was gteaﬂ) enlarged 1n hypapbysecmnuzed chick embryos
Moo then d evidence of b from adrenals
stmlated by ACTH injections The test she uses for secretton from
the adrenals mvolves the yncrease sn phosphatase 1n the duodenum
where of couze the emzyme s evtremely concentrated Duodenal
L 12 the mause about a thousand fold between the
fifteenth duy i wtero and the mneteenth day after birth Furthermore
this merease aecurs I two Jumps—aone Just before birth and the other
yust before the normal time of weamag (Moog 1951) The second
saltation which takes place 1 the nesthing has been examuned very
closely Yt can be made to occur precociously by admmsteation of
cortisone or ACTH and 3t can be prevented by adremalectomy at 12
days 1& 2-3 days befare the nse pormally stavts (Moog 1953) In
the chick embryo there 1s just a single peniod of mcrease culnunating
about a day after hatching (Moog 1950) This rise can be brought
about precocsously by admunistration of hydrocortisone but this in
crease m phosphatase 15 not produced tirectly by the corticord The
hormone actually spteds up the total pattern of differentiatioss of the
hata.e activity simply goes along as an in

tegrated part of the total pattern of differentration (Moog and Richard

son 1955}

Thus 1ncrease 1n duodenal phospbatase can serve as an ndicator of
adrenal activity The effect of ACTH on duodenal phosphatase has
beens investigated The results are summacized 0 Figure 6 At 1S days
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that the adrenals are able to respond to stimulation by evogenous
ACTH well before that time Although 1t 1s suspected that the stunula
tion affects only the cortex, no quantitative data are available concern
g that point

Weiss mquired about the drop m relative weights of the adrenals
1 control embryos at 15 days Mooc rephed that the matter 1s not very
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F1c 5 —The mfluence of ACTH on relatne adrenal weight in the chick embryo
Open circles embryos tnjected intravenously with 025 mg ACTH per day begnning
at 10 days solid crreles control embryos ingected with acidified sahine The ordmate
represents milligrams adrenal wexght per 10 gm of body weight Absolute values of the
adrenals of njected embry 0s were also higher than those of controls at each stage tested
but body weights were lower (Moog unpublished )

clear According to the data of Case (1952) relative adrenal weghts
do not change much durmg this petiod but the data of Sun (1932)
and Venzke (1943) Lkewise show a decrease m relatne weights during
the early mcubation period with a miimum at about 15 days Both
Case s data and thase of Maog suggest that adrenal growth s controlled
by a different set of factors before and after 15 days

WiLLiEr nquited how cleanly the adrenal complex can be 1solated
Mooo answered that it 15 not very difficult to isolate st after 15 days
because 1t 15 sharply circumscribed at that time But at earlier stages
1t 15 cifficult to be certain that the whole gland 15 removed and nothing
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10552) Consequently these evpeniments show that the estrogen effect,
which requires an adrenal responsneness to ACTH can be demon

strated as early as standard stage 25 Morphologically this 15 3 stage
when the adrenal 15 still 1 an unpared condition without any mter

minghing of medullary and cortical components WEiss questioned why
by comparaisee standards an amphiban lana just starting to feed
would be any less mature than 2 13 to 15 day cluch embryo Srcar
ansnered that this 15 i by the e e h of
the glands themselves They are much kss developed 1 the amphibian
farva ScunemEerMAN then questioned the statement of Segal that onset
of adrenal function beguns at 13-15 days of incubation n the chich He
pointed out that Moog had not sasd this Instead she had said that the
very nature of her test made st smpossible to demonstrate adrenal func

TABLE t
OASET OF ADRENAL FUNCTION
sam ag S;:‘:z 3| Reponed vy
Rat 5 days postnatal 35 Gaslard
Chack 13~15 days of menbation 3438 Aoog
Amphibian Ca 12 days post fertuation 25 Segal
W tsch {1956)

tion prier to 15 days Adrenal function could begin on the esghth or
ninth days but as far as her test 15 concerned onset of funchion at
such an early stage could not be detected

The question was rased by Wiirier whether the adrenals of the
treated ammals and primanly the adrenal cortex are responsne to
admmstration of ACTH before the anteror pritwitary self 1 releasing
ACTH 1nto the circulation Moo rephed that this 15 quite possible
TorUTTl wguired whether she had seen any increase m the size of
adrenal cells 1n her experiments Moot replied that the glands had not
been examined from that pont of view as yet Towvrrr emphasized
that it 15 wmportant to do o because there 15 a strong relatiopship be
tween adrepal stimulation with ACTH and the nuclear size of adrenal
cells The size of the nucleus 15 a very specfic indicator of the action
of ACTH on sdrenal cells much more specific actually than the
weight of the glands Moos stated that she mtends to etamine the ad
renals of treated embryos much more closely to see whether there 1s any
effect of ACTH on them that can be demonstrated directly Now that
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there 1s already an indication of ncreased secretion by the adrenal
cortex Fifteen days 1s apparently the earliest stage that results with
this test can be expected because no increase mn phosphatase content
can be mnduced earlier than thrs, even with hydrocortisone This means
that the duodenum 1s incapable of response earlier than this Thus 1t
appears that under the influence of exogenous ACTH the adrenal 15
stimulated to secrete enough corticod by 15 days of incubation to
bring about precoctous enzyme production by the duodenum
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F1¢ 6 —The influence of ACTH on phosphatase activity m the duodenum of the
chich embryo Open circles embryos injected with 0 25 mg ACTH per day beginmng
at 10 days solid circles control embryos injected with acidified sahne The ordinate
represents phosphatase activity as micrograms of phenol liberated from phenviphos-
phate per 10 4, of duodenal mtrogen per half hour (Moog unpubhshed }

SEGAL suggested that the onset of adrenal function 1n the rat and
chick occurs much later than in the amphibian (Table 1) The indicator
of onset of function tn youn, amphibian larvae 1s the reduction of
osmic acid by lipid granules i the cortical cells The relationship be
tween ACTH and adrenal function 15 shown very clearly by a simple
expeniment involving administration of estrogens to the ambient water
of stage 25 frog larvae Starting at this early stage estrogen treatments
1nduce adrenal hyperplasia and hyperfunction (Segal 1953) That this
estrogen effect 1s mediated through the release of ACTH by the plth

tary 1s proved by rep the same € t on hyp
farvae In this case no adrenal enlargement occurs (Chan,, and Witschi
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Ontogeny of Selected Endocrine Glands
The Gonads

Attention was next turned to the ontogeny of the gonads by Dr
WiLL1ER He recalled that this topic has recewved a great deal of atten
tion because of the pioneer work of Lillie (1916 1917) on the role of
sex hormones 1n differentiation of sex organs and ducts as demonstrated
by his work on the freemartin Burns then discussed evidence for the
onset of secretory activity in the embryomec teshs He ated three hnes
of evidence The first may be called presumptive evidence’ and 1s
clearly of historical interest Tt goes back to the time of Bomn and
Ancel (1903) who were apparently the first to suggest the hypothests
that since the embryonic testis possesses interstitial cells like those of
the adult testis 1t may well be the source of 2 hormone controlling sex
differentiation  This suggestion was based largely on studies of the
testes of pig embryos and was proposed thirteen years before Lillie
(1916) and Keller and Tandler (1916) presented real evidence for such
a theory 1 their classic studies on the freemartin

1t 15 now hnown that 1n a number of mammals cells with the char
actenstic appearance of interstitial cells are found n lhe embryonic
testis from virtually the b of histol sex d For
example they have been found by Jost (1946) in the rabbit and by
Bown and Ancel (1903) 1n the pig They are present 1n the testes of
young opossums 10 days after birth at which time the testes are quite
embryoruic (Burns 1950 Fig 1) The teshis cords at this time are stll
sohd and almost unconvoluted retaining the primitive arrangement of
simple arches or loops This arrangement leaves 2 large interior space
occupied by large numbers of mterstitial cells which are ntermingled
with the stromal tissue This condition obtains at a stage of develop
ment when the external gemtaha are morphologically indifferent as 1s
the unnogemtal sinus The first prostatic buds do not make their ap
pearance until about 7 days after this stage and the parred sex ducts
are present in a sexually undifferentiated condition only In fact the
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2 stage has been found where there 15 no stimulation of growth, she
plans to go bach from there to determme whether, by other critena, she
can find signs of an earlier stimulation

Moog also mentioned briefly that, as far as the rat 1s concerned, an
nterrelationship between adrenals and the pituitary has been rather
clearly shown at about 18 days, 1€, prior to birth, by Kitchell and
Wells (19522 &)

Hormone production by the medulla of the adrenal glands was then
discussed by Witrier He pomted out that noradrenalin 1s produced
by the medulla of most fetal mammals, as shown by Shepherd and
West (1951) After birth noradrenalin 1s present in much lower quan
tities than at earher stages of development, whereas adrenaln 15 now
present m derabl Adrenalin can he detected in the ad
renals of chick embryos by the sixth or seventh day of incubation He
ratsed several questions abaut the sigrificance of 1ts production so early
i development Is 1t playing any role mn development at this tme?
Does 1t have an effect on vasoconstrction at an early stage? Does 1t
play any role in the pattern of sugar metabolism n young embryos?
Ot 15 there no release of adrenalin from the medulls at these early
sta,es?
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Another interesting experiment yields evidence on this pont of a
different sort When the embryonic testicle of a young rat at the be
ginmng of 1ts sexual differentiation 1s transplanted between the lobules
of the seminal vesicle of an adult castrate male alter castration atrophy
of the seminal vesicle has occurred, a remarkable thing 1s seen In a
short time there 1s complete recovery of the epithelum of the semunal
vesicle n the immediate vicimty of the grafted testis wihich appears
to be producing a substance not distinguishable from the adult male
hormone as far as its effects on the vesicle emthelium are concerned
Furthermore histologic examination of the grafted testis reveals that
interstittal cells not only are present but are actually considerably
hypertrophued under the wnfluence of the host hypophysis (Jost 1948,
Jost and Colonge 1949)

These are not the only experiments that could be ated but they are
sufficient evidence for two conclusions (1) the embryontc testis 1s pro-
ducing an androgemc hormone from 2 very early stage of 1its develop
ment and (2) 1t 15, 1n all probability the interstitral cells that produce
this substance The results of the castration experniments where organs
developing at a distance from the site of the testis are strongly affected
by castration would mdicate that the hormone 1s normally being re-
leased 1nto the blood stream The external genitaha and other structures
far removed from the gonad are among those strongly affected by
castration

The effects of embryomic castration on the whole are of the same
nature m the chick with one very important exception namely, that 1t
15 the 0zary which 1s the more active gonad dunng the period of sexual
differentiation m birds (Wolif and Wolff 1951) The effects of castra
tion of male embryos are relatively slight 1n the case of birds whereas
the effects of castration of the female are extremely marhed There 15
no clue as to why the results should be ezactly transposed in birds as

pared with 1y although 1t should be noted that the sex chro-
mosome mechamsm 1s also reversed 1n the two classes (males are N}
1 composition it mammals but are X\ in composition 1n birds) Per
haps ths 15 10 some way the evplanation for the fact that i mammals
1t 1s the festrs which exerts the predommnant mnfluence n somatic sex
differentiation whereas 1n birds 1t seems to be the otary

WEIss inquired concerning the situation 1n fish Burns commented
that the gonads of fish are very elongated and are closely appled to the
ludneys hence embryonic castration of fish would be very difficult to
perform for technical reasons W e1ss insisted that there have been cases
of testes removal 1n various fishes Burns admutted this but stated that
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Mullertan ducts have but recently established contact with the wall of

the ur 1 sinus Ad of drol prop from
birth onward largely or entirely abohshes this wnterstittum (Burns,
19565}

The second hne of evidence for the mnterstitial function of the em
bryonic testis 1s found m the results of early castration Successful
castration has now been achieved in embryos of three spectes of mam
mal—the rabbit (Jost, 19478), the mouse (Raynaud and Fulley, 1947),
and the rat (Wells, 1950) In general, castration prior to merphologic
sex differentiation 1s followed n the male by an almost complete failure
of sex differentiation The male duct system (Wolffian duct denvatives)

phies and disappears, p glands fail to develop, and the
wnrogemtal smos 15 of female type The external genitalia also assume
the female form Moreover, m the absence of the embryomc testis the
Mullerian duct dernvatives persist and are well developed Castrate
males thus eventually come to resemble closely pormal females Evi
dently, the embryonic testts 1s the controlling mfluence 1o somatic sex
differentiation 1n mammals, and presumably 1t 1s the interstital cells
of the testis that are mvolved In rabbit embryos, castration as early
as the twentieth day of gestation has all the effects mentioned above
However the effects of c are e depending on the
time the operation 15 carrted out The effects are hmuted to a fauly
narrow period when morphologic sex differentiation 1s most active For
example, if rabbit embryos are not castrated unti] the twenty thurd day
of gestation the results are shght male parts are all present aithough
they may be somewhat undersized Castration on the twenty second day
leads to serious deficiencies mn the male genrtal tract, while castratron
on day 21, or especially on day 20 1s followed by almost total suppres
sion of male development (For summary and references consult Willer,
1955)

A few words are 1 order concerming the point that it is probably
the nterstitial cells of the embryonic testis which are responstble for
1ts eftects on gemtal development This 1s best illustrated by certan
other experiments of Jost After hypophysectomy of the rabbit embryo
by decapitatton there 1s a distinct arrest of development of the male
genttal tract although the consequences are by no means as severe as
after early castration Examination of the testes of hypophysectomized
males reveals that there 1s an important reduction mn the number and
size of the interstitral cells present The defective development of the
gemtal tract 1n hypophy <ectomized males 15 correlated with failure of
the mter.tittum to develop normally (Jost 1951, 1953)
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g point for those seehing interpretations of the results obtamed in a
variety of directions

Wirrier showed an 1llustration of a testis formed by transformatron
of the freemartin gonad (Willier, 1921) The semimferous tubules are
typical i structure, except that they do not contain germ cells Typical
Sertols cells are present Here and there are cells which he mterprets as
interstitial cells He contrasted its appearance with that of a normal
testis of corresponding age which contains typical semmferous cords
and occasional primordial germ cells

PrIcE then discussed her studies on sex differentiation m the rat by
the apphication of organ culture methods An important aspect of this
problem—the question of whether fetal rat testes secrete hormone—was
resolved by Wells and his collaborators (Wells, 1950 1957, Wells and
Frahch 1951), who succeeded i castrating extra uterinized fetuses
They found that rat testes secrete a hormone which they concluded stim
ulates growth of the accessory reproductive glands of the male How
ever they could not castrate fetuses that were younger than 18 days
which represents a relatively advanced stage 1n sex differentiation Price
selected the watch glass method of organ culture for her studies on sex
differentiation because it has several distinct advantages (1) entire
fetal reproductive tracts can be 1solated at early stages of Gevelopment
and cultured on clots 1 which the medum can be controlled, (2) sur
gical procedures such as gonad removal can be done with a mimimum
of trauma (3) complicating factors such as the presence of other fetal
endocnne glands and maternal and placental hormones are avoided
(4) the explants can be seen so clearly on the serisohd clots that de
velopment or retrogression of the ducts and the development of the pri
mordia of the semnal vesicles can be observed and photographed from
day to day

She explanted approsimately 300 male and female fetal tracts, rang
mg from 13% to 184 days mn age and cultured them from 1 to 6 days
with transfers The tracts which represented all stages from before sex
differentiation had occurred to advanced stages of differentiation were
cultured under several expenimental conditions with both gonads pres
ent with only one gonad present with no gonads present with gonads
of the opposite sex with no gonads present but with exogenous hor
mone 1n the medium etc Her chief purpose was to determine whether
fetal gonads are producing hormones which affect the morphogenesis of
the tracts and 1f so to compare those effects with the results obtamed
by the addition of exogenous hormones The standard medwm 1s cock
plasma (the results are no different with capon plasma) and chickh em
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such operations were performed only on adults and hence were not per
tinent to the present discusston

Lullie’s classical illustration of the freemartin was then exhibited by
Wiciier (Lallie 1917, Fig 4) It shows tnin cattle i utero They are
dizygotic twins, a male and a female, developing simultaneously Therr
circulatory systems have been injected to demonstrate that a vascular
connection ewsts between the extra embryonic membranes of the two
twins Thus there 1s ample opportumty for exchange of blood between
the male and female fetuses and hence for the exchange of any mole
cules present m the two circulations, mcluding hormones Actually, so
far as sex hormones are concerned, there appears to be a one way effect
of the male twin on the female twin Interstitial cells appear m the
testes of the male before they appear in the ovary of the female Thus
there 15 a precocious formation of the cells 1n the testis which are con
cerned with the production of male hormone Consequently, the male
hormone s carried into the female partner rather early, and 1t acts to
mhibit female differentiation of the gonad by preventing formation of
the ovanan cortex As 2 rule a testis develops in the genetic female
The latter ts referred to as the ‘freemartin

BURNS pointed out the parallel between the results in the freemartin
where the testes of one twin dormnate development of the ovares of the
other via their hormones, and the role of the testis 1n sex differentiation
as demonstrated by castration experiments performed on fetal mam
mals It1s evident that the male gonad of mammals 1s actrve 1 an en
docrine way dunng fetal stages, whereas the ovary 1s not

WILLIER commented on the fact that there 1s no effect i cattle if two
female fetuses develop 1n the uterus simultaneously, or if two male fe
tuses develop simultaneously at least as far as sex differentration 1s
concerned More recently Billingham ef o (1952 1956) have shown
that it 1s possible to graft skin from one twin onto the other mn post
natal stages when they are associated with each other : ufero 1n such a
way that they possess a common circulation This 1s not possible with
ordinary siblings Sharng a common arculatton during fetal develop
went enables the twins to tolerate grafts which ordinanly they would
not accept Blood cells are also exct d under these cond Irwin
(1949) and his group have shown that erythrocyte antigens may be
identical 1n the twins which shared a common crculation Thus stud
s6s mvolving freemartins become more and more complex as knowledge
increases The pioneer worh of Lille constantly paves the way for in
vestigations of the nature of those mentioned above, and 1t 1s the start
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substance which dsffuses from them mn otgan culture and causes the
mantenance of the Wolffan ducts and the development of the pnmor

dra of the serminal vesicles and some of the prostatic buds A further ex

periment (A3} provides mteresting evidence concermung the Lmuts of
dfigsion When the two sides of the tract are midely separated devel

opment on the side with the testis continues normally, whereas on the
contralateral side the Wolffian duct tends to setrogress and the semmmal
vesicle 15 smaller or totally lacking Yt seems probable that the hormone
from the tests 15 duffusing o the medium and 1s also passng down
the duct system A umlateral effect was also reported by Wells and Fra

uckh {1951} fov some umilaterally castrated fetal rats and by Jest
{1950) for unmlaterally castrated fetal rabbats Jost interpreted s find

ngs as eudence that 1 vivo the hormone from fetal testes mugrates
along the gemtal tract and reaches some parts of the reproductive sys

tent n that way as well as by arenlatory pathways A fourth tvpe of
expeniment not sHustrated i Figure 7 shows that when testes are ab

sent but testosterone mcropellets are present m the medigm the Wolf

han ducts sermnal vesicles angd prostates develop normally as m 47

This 15 not interpreted as evidence that fetal testes necessanly secrete
testosterone The nature of the fetal hormone 1s pot known In these
evperuments the dependence of the male Tyolffian ducts and pnmordiz
of the semmal veswcles and prostate on tests secreted hormone or on
exogenous androgen seems clear

By contrast the hormone independence of the Mullerian ducts of the
female once they are well estabhshed 1s clearly shown in Figure 7
When the trzct of a 174 day female {B) as coltuzed {or 4 days deset
opment of the postenor ends of the ducts continues and the utero
vagwal canal forms (BI) Removal of the ovaries (B2) has no effect
on the Mullerian ducts which appear sinular to these in BI In both
cases the Wollfian ducts retrogress and a (ew prostatic buds develop
(a stock of rats which have sp lop female p;
was used)

This bref and simplified summary suggests that in the fetal rat the
testes may vormatly e secceting hormone which determines the teten
tign of the Woltfian ducts and the development of the primordia of the
accessory glands The ovary on the contrary may not be producing a
hormane or st 15 the hormone 1s not necessary for the mamntenance
of the Mullenan ducts However the retrogression of the male Multe
nan ducts and of the female Wolffian ducts must be consiGered These
aspects as well as gonad and prostatic development n culture are
freated m detart by Panmabecker (1957) and can be discassed here
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bryo extract, to which, 1n some esperiments, micropellets of testosterone
or estradiol are added Her results leave some important questions un
answered, but at least a part of the problem has been clanfied (Price
and Pannabecher 1956, Pannabecker, 1957, Price, 1957)

Her results can be summanized by reference to her schematic figure
(Fig 7) If a male reproductive tract 174 days old (4) s esplanted on
standard medium and cultured for 4 days 1t remains essentally the
same size or becomes smaller, but development continues Seminal vest

FETAL AGE
BAYS

v

Fie 7—D: of d tracts of male and female rat
fetuses 4 and B male and female tracts at 17} days the age of explantation 1 AZ
A3 BI B? tracts cultured for 4 days Af Mullenan ducts 1 Volffian ducts S
semmnal vesicles P prostate Redrawn from Price and Pannabecher (1956)

cles form from diatations on the Wolffian ducts and prostatic buds
grow out from the uninogemtal sinus  Mullenian ducts retrogress ante
riorly but the utniculus prostaticus forms postertorly (41) The results
are the same when both testes are removed by carefully severing the
efferent ducts and then repk them This that the
trauma caused by the removal of the testes does not produce general
Wolffian duct retrogresston The same results are obtamed 1f only one
testis 1s replaced Thus one testts can insure normal development Com
plete absence of the testes (42) results in Wolffian duct retrogression
and fatlure of development of the seminal vestcles and some of the

tic buds These indrcate that fetal rat testes secrete a

P
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1n the opossum at any rate, 1t 1s known that they are reactive under the
proper expertmental conditions

Price then commented that perhaps 1t 1s not too surprising that tes
tosterone stimulates male and female Mullerian ducts 1n her explants
because she has been able to observe the Mullenan ducts actually split
ting away from the Wolffian duct at the posterior end, suggesting a
common origin She ponted out that this agrees with the observations
of Gruenwald {1941), who made sumilar observations 1n the human and
m the chick Burns stated that this might be expected to occur, espe
cally with a hugh dose, smce different thresholds might be mnvolved and
that testosterone 1n large doses stimulates the Mullerian ducts of the
opossum greatly This 1s an example of the so called paradoucal effect
But 1t does not do so m very low dosages He mquired what happens to
the Mullerian ducts 1n Price’s cultures with a very low dose of testos
terone He pointed out that in many experiments on the opossum (more
recent results of which will be described later on) extremely small doses
are far more effective than huge doses whuch cause all hinds of abnor
mahities which confuse the picture and even introduce results which are
diametrically opposite to the expected results PrICE stated that 1t was
with the hope of obtaming a physiologic level that she explanted fetal
testes against female tracts But of course there 1s no reason for think
ng that the threshold of \f and the threshold of inhib are
the same 1n male Wolffian ducts and 1n female Wolffian ducts in male
Mullenian ducts and 1n female Mullenan ducts

WrLER then ashed whether homologous ducts m genetic males and
genetic females actually do give 2 different response to the same expen
mental conditions PRICE answered that there are definite differences be
tween male and female Wolffian ducts and male and female Mullerian
ducts and that some of these can be attributed to a difference 1n the
male and female genetic constitution BurNs added that this 1s just the
type of result he obtained some years ago 1n the opossum (Burns 1942)
and which has been described 1 more detail recently (Burns 1956¢)
It holds true for a variety of sex primordia In young opossums of the
same htter treated with male or with female hormone under 1dentical
experimental conditions as to dosage timing and duration of treatment
male pnmordia under the influence of male hormone always attam a
much greater size in male subjects than do the corresponding primordia
in female subjects Conversely prospective female structures under the

influence of female hormone become larger m female subjects than
males
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only briefly The Mullenan ducts of males retrogress anteriorly and de
velop the prostatic utricle posteriorly under all the culture conditions
They are not retamed when testes are removed, nor 1s retrogression
hastened by testosterone 1n fact, some stimulation vs found The Mul
lenian ducts of females are not inhibited by testes placed aganst them
or by testosterone, nstead stimulation was apparent m both exper
mental conditions Female Wolffian ducts undergo slow retrogression m
younger explants but retrogress rapidly mn older ones They ate some-
what stimulated by testes and testosterone, but they are not completely
retained under these condrtions, and no semmnal vesicles form There
are possible explanations for some of these findings but more research
will be necessary before the questions can be answered However, from
these expermments 1t seems probable that sex differentiation of the ducts
and accessory glands m the fetal rat 1s related to the presence of testis
secreted hormone 1n the male and the absence of such a hormone i the
female Jost (1950, 1957) has reported convincing evidence that this 15
the case 1n the rabbit

BURNS remarked that 1t was very gratifymg to him to see that the rat
embryo comes nearer and nearer to being brought into hine wmith the
rabbit In spite of the fact that everyone knows that species differences
evst and group differences which may sometimes be very great, 1t 1s al
ways disturbing when contradictory results are obtained

Price pomnted out that the cause of Mullenian duct retrogression 1n
male rats 1s still 2 question Jost (1950, 1957) seems convinced that the
Mullerian ducts are mhibited by fetal testis hormone in the rabbit He
reported a case 1n which a fetal testis was mtroduced into the abdommal
cavity of a female and caused localized retrogression of the Mullerian
duct In her explants by contrast, when testes which are secreting hor
mone are placed agamst female Mullerian ducts there 1s Jocalized stim
ulation BURNS also considers the Mullenian ducts to present a special
problem because of the fact that n mammahan embryos it 15 very dif
ficult or impossible to mhibit them with testosterone or any other known
pure androgen By contrast mn birds and i amphibians these structures
may be completely obliterated by treatment with male hormone This
1s another striking example of the contradictions that may be encoun
tered m different groups It 15 a puzzhng situation but 1t may only
mean 1 some cases that no one appreciates all the conditions necessary
for development or nhibition of mammalian Mullerian ducts Just a few
years ago it was believed that embryonic mammahan gonads also con
stituted a complete exception in bemng non reactive to hormones Now,
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testis BURNS stated that he would prefer to qualify this remark by add
ing that the crystalline hormone (testosterone) acts very much like the
embryonic testis except in the case of the Mullerian ducts, as mentioned
above
Secar then recalled that Jost s work on rabbits suggested that mam
mahan embryos deprived of thewr gonads, exther testes or ovanies would
develop the somatic habitus of the female This implies that the syn
drome 1n humans known as ovarian agenesis should include both ge
netic males and females When Barr and hts associates (Moore Graham
and Barr 1953) described a sexual dimorphism in the nucler of epr
thelial cells of human skin, it hecame possible to ascertain the genetic
sex of humans exlubiting this syndrome When a large group of patients
—all raised and living as women—was tested by this means 1t was
found that a large percentage of them were, in fact, genetic males Al
though these mdividuals possessed no gonads there was no doubt but
that they were sex reversed with respect to their secondary sex char
acters
Attention was then called by WiLLIER to the work of Wolff and Haffen
(1952) i relation to the question as to whether or not sex hormones of
the embryo and those of the adult are simular or identical They cult
vated an embryonic testis in vitro with a it of embryomc ovarian tissue
and found that an ovarian cortex forms on the testis under these condi
tions Direct contact between the two explanted gonads 1s not necessary
to achieve this result Since the same result can be produced by injec
tions of female sex hormone into male embryos the similanty 1f not
identity of action mn the two cases 1s evident The question of the quan
tity of hormone produced at these early stages was also raised by Wit
LIER The amount of hormone produced at first seems to be very low
This 15 mmdicated by some of s own experiments When little bits of
adult testis or adult ovary are transplanted to the chorio allanteic mem
brane of host embryos the development of the sex of the host 15 not
modified (Willter 1927) Or 1f a sexually mdiiferent gonad rudiment 1s
transplanted to the chorio allantoic membrane of a host embryo the
sex hormones of the host have no effect on the graft But more recently
1t has been demonstrated that if a larger quantity of gonadal tssue 15
grafted to the chono allantoic membrane hormones produced by the
graft can cause sex reversal m the host Such an approach presumably
increases the quantity of hormone produced by the grait above the
threshold involved m sex reversal
PRICE again recalled that Jost (1953) had reported unilateral effects
in unilaterally castrated fetal rabbits and that he had suggested that the
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The questton was then rased by SEGAL whether available mforma
tron 5 definite enough to state that the secretion of the emhryome gonad
15 1dentrcal wath the hormone produced by the adult gonad He seemed
convinced that this might be probable and su,gested that the one dis
cordant note 1s an expenment of Jost (19474), n winch he found that a
deposit of crystalhne testosterone does not act like an embryonic testis
n mamtaming the Wolffian ducts PRICE stated that she did not know
what hormone 15> secreted by the fetal testes but that testosterone sub
stituted for 1t, so far as the Wolfan ducts and primordia of accessory
glands are concerned She stated that Jost reported that crystalime tes
tosterone maimntains the Wolfhan ducts but does not cause retrogression
of the Mullerian ducts Burns added that, as far as the prostate and
ather structures m opossums are concerned, crystallme harmones sub
stitute completely for the absence of the testes but do not cause the 1
hibition of ducts, which seems to be 1n a separate category Burns does
not believe that anvone would bold out for :dentity n any hiteral sense
of the word Yet that 1s the only variable i the physiologrc effect

An interesting question was then raised by Werss He mquired
whether testosterone 1s now considered to be exactly identical with the
secretion of the adult testts Secar stated that st has been 1solated from
testis extracts and has also been re.overed from blood taken from the
testicular vein But BUrns answered that it 1s not so considered to his
knowledge He pointed out that there are many effects of the adult hor
mone even beyond the confines of the gemtal system There is certamly
marked phystologic sumlanty, but hardly identity Weiss then stated
that 1f this s s0 the wmability to reproduce an embryonic effect by a
crystal of te.tosterone does not necessatily indicate that the embryomc
and adult hormones are different The use of testosterone crystals sim
ply cannot prove or disprove the adentity or non identity of embryonic
and adult hormones

WiLLIER } that the [ d of the evidence mdicates

that they are similar, 1f not identical whatever thewr nature may be He
mentioned that Witschr (1950) bad argued that the effect of a It of
fetal tests on the epithelum of a semunal vesicle to which 1t had been
added (Jost 1948) 1s an mductor eftect rather than a hormonal effect
But, since the same kind of effect can be produced by admimstration of
sex hormones to the castrated adult rat the response of the semmnal
vesicle to the transplanted fetal testis 15 the same as to 2 synthehic
hormone

Srcar concluded that the over all evaluation of Josts work leads to
the belief that a crystaline hormone does not act hibe the embryonic
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Tt 15 helieved that thus regulation 1s due n part to a restricted output of
thyrotrophic hormone, for which host and tmplant thyrmds compete

Werss then inquired when prtwitary control over gonad actwity be
gan BURNs rephed that Jost (1953) has evidence in rabhit embryos
that the pitustary 1s quite active during the pertod when the secretory
actinty of the testis and the process of sex differentiation are most
marked Korrros called attention to the work of Fugo (1940), which
shows a teduction of intertubular tissue n the testis of pitwtaryless
chick embryos as early as the thirteenth day of incubation WrLLrer
stated that he had been toying with the 1dea that the antenor pitwitary
may be releasing 1ts gonadotrophic hormones earlier than hithesto sus
pected mn very small quantities which somehow or other are utihzed by
the developing gonads Willer also stated that Fugo’s results should be
more thoroughly investigated and controlled by admimstering gonado
trophins to pituitaryless embryos to determine whether the condition of
the gonads could be restored to normal Preliminary attempts m this di
rection have heen made by Vogel (1957) Korrros stated that if the
absence of the pitwitary causes a change in the normal pattern of gonad
differentiation 1t 15 1mpled that the gonad 1s already sensitive to pitm
tary hormones by that time He inquired whether there 1s any evidence
that 1t 15 sensitive earher According to WILLIER no information 1s
available on this pomt

‘WErss commented that Ius interest in the time of onset of pitwtary
control over gonad activity was simply 1o deterrmne whether there 15 a
sufficient safety margin there 1e  whether the pitwitary 15 already ac
tive by the time the gonad takes up 1its function as the nest staton
down the ine Returnmg to the question of the quantity of hormone
produced early mn the development of endocrine organs he pointed out
that the statement that less hormone 15 produced earlier and more later
does not necessanly mean that the mdrvidual cell 1s Jess effective from
the start It may only mean that there are fewer cells producing the
hormone imtially The individual cell that 1s releasing ganadotrophins
may be fully efficient night from the start more hormone would be re
leased as more cells become capable of secretion But perhaps the md
widual cell does increae its output with time WrLLier suggested that
although the total number of cells does increase with time to ome ex
tent the increase 1s probably not sufficient to account for mcreased hor
mone production with time According to KoLLros the work of Etkin
(1955) and others shows clearly that the thyroid gland grows remark
ably i the stages precedmg metamorphic chmax amphibrans and
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hormone lesel was higher on the testis side because of mugration of the
hormone along the gemtal tract She agan recafled that diffusion of
hormone from the fetal testis was clearly evident in ber explants Wit
LIER agreed that thete s more and more evidence accumulating all the
time that, when an endocnine gland 1s placed close to 1ts receptor, the
former affects the latter by diffuston of sts hormone through the nter
vemng tissues At a stage i development when the receptor will not re
spond 1f located at a distance from the endocrine gland st will respond
1f placed close to the latter This can only mean that low concentrations
of hormone are released at first The concentration 15 too Jow to have an
effect v1a the circulatory system but 1s high enough to have an effect by
diffusion to nearby regions WEIss pointed out that this 1 stmply an
other way of saying that the receptor organ responds above a certan
threshold vegardless of the route by which the threshold 1s reached,
whether through the circulation or through the tissues spaces He also
stated that the experments 1n which umlateral effects were obtaied in
unilaterally castrated fetal rabbits also support this conclusion WILLIER
then commented on the fact that this concept of diffusion of hormones
from their paint of onigin has appeared in the lterature only quite re
cently It was first established by Ethn (1939), who transplanted a
thyrowd glang near the antenor pstustary and vice versa and obtaned
precocious stimulatton of the thyrord Development of this concept has
been reviened (VWaiflier, 1955) It has certam connotations for general
thinhing about vanious problems concerned with the release and actien
of hormones Maore recently Dossel (1958) has examined this sitnation
i chick embryos He 1solates the thyroid sesicle in early sta,es {from
4 1o 4% day donors) and transplants it together with some me en

chyme to the head or to the coelom of an mtact host embryo The thy

roud tissue that develops from the implanted vesicle 7 or 8 days later
forms a single sphencal mass rather than two approwmately equal
masses, as 1 the normal embryo It was thought that the host would
then have a complement of thyrod tissue equisalent i mass to that
possessed by two normal embryos of simalar age Instead the combina

1100 of the mass of thytod tissue of the implant and of the normally
situated thyrowds of the host 1s only shghtly but not sigmhcantly more
than the total mass of tissue of the normal embryo of sumlar age This
regulation always molves 2 decrease in the mass of the host > own thy

rosd whether the original implant 1s placed in the head or in the coelom

Tu 11 day hosts the aggregate is only about 1079 per cent of normal

12-days hosts 103 6 per cent and n 13 day hosts about 103 per cent
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to 3 mg/24 hours These are the data of Schrmdt and Tonutti (1956)
GAILLARD then asked what happened to the development of the boy
after removal of the tumor ToNUT1II replied that the patient lost his
pubic hawr but continued to gamn mn height The testis seemed to become
somewhat larger A fairly great number of normal Leydig cells are pres
ent 1n both testes It appears that this boy is changing from a precocious
pseudo puberty nto a true, but still mncomplete, precocious puberty
The observations of Wilkins and Cara (1954) are also pertinent, they
mvolve cases of the adrenogemtal syndrome It appears that androgens
produced by a pathologic tissue mature the orgamsm as reflected by
bone age and that if a certain degree of somatic maturation 1s reached,
the hypophysis begins production of gonadotrophins
PricE asked how long before birth the prostate gland of the human
male becomes hypertrophed She thought information about this might
suggest great activity of the fetal testis ToNuTTI had no information
about this Mooc inquired whether such a change in the prostate gland
might possibly be due to androgens from the fetal adrenal cortex rather
than from the testis She stated that the fetal cortex does very defimtely
produce androgen according to the work of Bermrschke and Bloch and
their co workers (Bermrschhe et a2 1956 Bloch ef @/ 1956) Smce
there 15 so much of this tissue there might well be a strong androgenic
stimulation from this source Consequently she suggested that 1t would
be difficult to draw any conclusions about the activity of the fetal testis
from observations on the development of the prostate Price then stated
that she was simply intere ted 1 learmng whether there 1s any relation
between the Leydig cells of the fetal testis and hypertrophy of the pros
tate Tonurti informed her that the peak of development of the Leydig
cells 15 much earhier than the development of the prostate It corre
sponds with the Qifferentiation of the cells in the hypophysis 1e 1t oc
curs at about the 10 em stage WiLLIER then suggested that Moogs
method of studying the time at which the adrenal cortex can respond to
stimulation by ACTH 1s the approach indicated bere for study of the
problem of time of onset of gonadotrophic stimulation Mooc nquired
whether choriome gonadotrophin would not complicate the picture to
which WILLIER teplied w the affrmatve prowvided that they get through
the placenta
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that, during the chimax phases, cytologic evidence points to an mcreased
secretory actrvity of the gland

SEcaL then mentioned that there 1s an mdication that the fetal gonad
15 at least responsive to gonadotrophic stimulation in the human The
terstitium 1s obviously stimulated at the time of birth, most likely as a
result of 1ts exposure to chornonic gonadotrophins m uters Shertly
thereafter there 1s 3 regression of the interstiium, agamn mdicating that
the mmual stimulation was the result of gonadotrophic stmulation He
ponted out i relation to this comment that ¢ 1s curtous that no ob
servation has been reporied about the condition of the testes i newbim
anencephali. monsters

Tonurtr discussed this matter 1n more detail He stated that the
peak of development of the tnterstitial cells m the human testis oucurs
at 2 length of 10 cm Regression begins before burth He questioned
whether 1t 15 actually the chorionic gonadotrophin wiich stimulates
these cells SecaL commented that this parallels the level of gonado
trophins and ToNUTSI agreed that this 15 5o at the 10 um stage Buthe
powmtted out that regression of the Leydig cells in the fetal testis 15 not
umiform Even at birth there 1s 2 considerable amount of well developed
Levdig cells present In cases of hyp dotrophic hyp dism  the
entire population of Leydig cells shovs about the same stage of regre
sion He called attentron to the curious fact that i sprte of the pres
ence of well developed Leydig cells the Iatter are not ifluencing tubule
formation m any obvious way Ordmanly when Levdig cells are simu
lated hy gonadotrophtas after burth they induce tubule farmation Thus
the question arises whether the fetal Leydy, cells are producing the
same hormones as mature Leydig cells of the adult Recently he ob
served a five and a half year old boy with Leydig cell tumor and pseu
do precocious puberty Near the tumor the tubules had a diameter of
about 130 p and shoved ad: d, but not plete sper s
At a distance fram the tumor the dtameter of the tubules was only 70 ¢
and the epithel was The of the tubules 1 the
other testis without tumor was about 60 x The tumor appears to pro
duce testosterone this may be concluded from a hugh peak of andros
terone 1 the chromatogram of the 17 ketosterads BurNs suggested
that perhaps there 15 2 question concerning the time at which the tubules
become sensttive ToNUTTI answered that they are always sensitive after
Bicth WiLrrer maquired about the appearance of secondary sex charac
ters 1n ts boy Tovurr answered that they are very well deseloped
Thus boy has 2 bone age of about twelve years 17 Retosterords before
operation amounted ta §-10 mg/24 hours After semicastration they fell
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tologic sections the osteoclasts are found 1n close contact with sprcules
of bone and brush borders are evident From these experiments it ap
pears quite certan that, from the exghth day on, the parathyroid tissue
1» capable of releasing some agent which causes the bone matrix to
change 1ts chemical composition, this 1s then followed by intensive os
teoclastic resorption The same hind of effect 15 found after combined
cultivation of parathyroid tissue taken from human newborns as well as
after the addition of commercial parathormone from Eh Lilly and Com
pany (Gaillard, 1955¢ & 1957) GarLrarp stated that 1t was Barmicot
{1948) who first descnibed the same type of results i vivo and that
Chang (1951), working 1n Bloom’s laboratory, later extended Barmcot’s
work However he emphasized that the possibility ewsts in their work
that antigen antibody might compl the P 10n of
the results whereas n the absence of these reactions 1n vitro misinter
pretations are much less hikely
WiLLIER recalled that he had presented some arguments (Willier
1955) 1 favor of early secretion of parathormone by the mammalian
fetus Chief among these 1s the fact that the parathyroid glands assume
adult hstologic charactenstics rather early i development, actually
very shortly after they are detached from the pharyngeal pouches
GATLLARD mentioned that 1t 1s difficult to get evidence of secretory ac
tiaty from the histologic picture encountered 1n avian parathyrod tis
sue Morphologic evidence of a secretory cycle 15 much less pronounced
m this gland than in the anterior pitintary for example
Weiss then inquired whether the parathyroids of embryomc stages

act through the same mechamsm as 1n later stages GArLrarp rephed
that he could say only that approuimately the same hind of effects oc
cur m hyperparathyroidism  although they are not encountered simul
taneously im the entire sheleton At least i the beginmng of the dis
ease there are certain sites of preference where bone resorption obvi
ously occurs more readily Werss then inquired whether the hormone
acts through its effects on some of the cells of the bone or whether 1t acts
directly on the ground substance GATLLARD answered that 1t 1s is 1m
pression that its action 1s directly on the bone matrix however he could
not be certam that the cells around the matrix were not involved in
some way It appears quite certamn that the immediate effect 1s not on
osteoclastic actiaty The mitial changes in the bone occur without any
obvious activity of osteoclasts Werss then asked whether its effect
might be on the collagen GAILLARD answered that 1f collagen 15 inter
preted as part of the whole system of structural relations between col
lagenous fibers and the adjacent mucoproteins 1t 15 probably the muco
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The development and secretory actvity of the parathyroids was next
discussed by DR Gamrarp He attempted to get some mformation
about the secretory activity of the parathyroid glands duning develop
ment of the chick embryo wth the aid of organ culture methods Furst,
he had to develop a method for dissectron of the parathyroid glands
They cannot be 1solated by a frontal approach but can be obtamned by 2
dorsal approach It 1s then rather easy to excise the glands even from
an 8 day embryo In order to chech the secretory actwvity of the para
thyroid tissue the gland 1s placed s foto on top of a square fragment of
paretal bone excised from the center of the actively growng bone of 2
mouse embryo near term As a rule the combined culture of active para
thyroid and bone tissue leads, within 3-6 days after explantation to a
defimte lacunar bone resorption This never occurs in control explants
of bone tissue without parathyroid tissue As another type of control
expertment, parietal bone 1s combimed with explants of thyroid gland
tissue In this case bone resorption does not occur on the contraty,
there 1s an enormous amount of ectopic bone formed mside the mner
pentosteum  (Gaillard, 19552 b) Summanzing the results of a great
number of experiments 1t can be said that the parathyroid gland tissue
of chick embryos 1s active m this way from the eighth day of incubation
on When the influence of the gland on the bone tissue 15 examined 1
more detail, 1t 1s found that the first change 1s a relatively intense stain
ing reaction of the bone matrix with the periodic Schiff reaction after
only 2 days of culturing At the same time the number of cells 1 the
mner periosteum increases considerably and they begin to encapsulate
the parathyroid explant which 1s placed 1n close contact with the mner
peniosteum Moreover cmemicrographic records of a number of explants
reveal an mncreased mobility of the intertrabecular cells As a rule some
resorptron of bone matrix 1s found even when typrcal osteoclasts are not
visible After 57 days of cultivation a very intensive bone resorption oc
curs and many giant multinuclear osteoclasts are then present In his
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VI

Endocrine Organs of Arthropods, with
Special Emphasis on Insects

‘The nature of the endocrne organs of msects and other arthropods
was reviewed by SCHNEIDERMAN to provide background mnformation
for any comments to be made by hun 1n the future There are three
prmcipal endocrine organs in Insects that are known at present the
bran the prothoracic glands and the corpus allatum The brain con
tains several groups of neurosecretory cells which produce an endocrine
substance which may he called the “brain hormone ” In some nsects
these neurosecretory cells send their azons to an organ just behind the
bramm the corpus cardiacum where they release neurosecretory mate
nal The corpus cardiacum (or corpora cardiaca for they are commonly
pawed organs) serves as a storage place for neurosecretory substance m
the same way as the sinus gland of crustaceans or the posterior pitmtary
of vertebrates Presumably 1t releases its storage products into the
blood, possibly 1n modified form The corpus cardiacum 1s of nervous
ongn as 15 the neurchypophysis of vertebrates

The corpus allatum 15 found in close assomation with the corpus
cardiacum and hke the latter 1s commonly pared It 1s of ectodermal
ongin and produces a hormone which may be called the ¢ corpus allatum
hormone or better the ¢ juvemle hormone for reasons which will be
clear shortly

The prothoracic gland a diffuse glandular organ made up of con
spicuous large cells and commonly located 1n the prothorax s an 1m
portant and very ancient endocrine structure It produces a hormone
which will be called the prothoracic gland hormone, hereafter re
ferred to as PGH

The way m which these endocrine glands work can best be under
stood by considering what happens to an epidermal cell 1n an insect
when 1t 15 exposed to these hormones PGH 15 the growth and molting
hormone of msects In the presence of this hormone the msect will
grow and molt In its absence growth and molung cease This appears
to be true 1n all msects thus far studied In response to stimulation by
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protemn part of the system which 1s attacked primanly Towurrt then
mentioned that Engfeldt and Zetterstrom (1954) beheve that parathor
mone acts primatily on bane cells They reported that microchemucal re
actions in the bone are first detectable 18 bours after a single injection
of parathormone into the mtact animal, whereas cellular reactions are
recognizable only 6 hours after mjection GAILLARD stated emphatically
that ths 1s certamly not the case 1n explants Here the first reaction oc
curs 1n the bone and the osteoclasts react only secondarly Osteoblasts
are not wfluenced at all because, n the same explant, osteoblastic for
mation of bone occurs a short distance from the explant of parathyrod
tissue at the same time that resorptron occurs near the latter Only
fibrocyte kike cells are present in the vicinity of the parathyrord explant
no osteoblasts are present there Actne osteoclasts are seen from the
fifth or sixth day on

Wesss then mnquired whether osteoclasts and osteoblasts are the same
cells in different stages of operation as McLean and Bloom assumed
(McLean, 1943) GaILLarp stated that they assume a fusion of osteo
blasts leading to formation of osteoclasts He also stated that s mo
g picture provides ne information about the ongin of osteoclasts
Within a few hours they are present as very actively moving cells They
move from one place to another, settle down on a piece of bone matrix
do therr job, and move again to another fragment of bone matnix The
culture media always become exceedingly acid during cultrvation of
parathyrowds. When parathormone was used on cultures the most active
concentrations were found to be between 15 and 002 IU/cc There 15
some evidence that this hormone 1s a protemn, but there 15 no nforma
tion as yet about 1ts structure El Lilly and Company 1s trying to pre
pare a crystalime parathormone
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large amounts of juvemle hormone, and, consequently, every time the
larva molts, 1t molts into a larva But if the corpora allata are extirpated
{rom the larva at any stage, 1t promptly molts into the next stage 1e,
into a pupa This pupal molt presumably reflects the response of the
wsect to PGH and to small amounts of juvemle hormone remaining
even after the allata are removed (Fukuda, 1944) By carefully timed
surgical maneuvers it 15 possible to get a larva to molt in what 15 ap
parently the virtual absence of juvemle hormone Thus C M Willams
and W H Telfer (unpublished) extirpated the corpora allata from a
mature Cecropra silhworm larva about 2 weeks before pupation was
scheduled to occur Under these conditions endogenous juvemle hor
mone soon disappears from the blood of the larva, for, when 1t molts,
1t forms a bizarre intermediate between pupa and adult Apparently,
i the absence of the juvemle hormone, some of the epidermal cells go
directly from making larval cuticle to making adult cuticle without the
intervention of the pupal stage

It 15 of some further mterest that a larva can be caused to remamn a
larva long after 1t should have pupated, by supplymng 1t with juvenile
hormone Whenever most of this hormone 15 removed the Jarva then
becomes a pupa Thus m the normal hfe of the sect the corpora
allata cease secreting at the end of larval ife and the pupal molt
ensues When the next molt occurs the corpora allata are still mactive,
the endogenous juvemile hormone has all disappeared and the pupa now
moalts 1nto an adult Thus the larval pupal, and adult molts are as
soctated with progressively smaller amounts of juvenile hormone

A question anses as to whether pupal or adult epidermis can be made
to secrete larval cuticle The answer probably 1s Yes Thus Piepho
(1939 b) showed that when fragments of pupal integument are 1m
planted mto young larvae 1n which the yuvemile hormone titer 1s high
a larval cuticle 1s secreted Thus the epidermal cells have not reached
a morphogenetic dead end when they become adult they are still
capable of producing a juvenile cuticle when exposed to suitable ex
trinsic stimuli

So much for the sources and effects of these hormones Their chemical
nature can now be considered In 1954 after ten years of effort, Peter
Rarlson and Adolph Butenandt of the Max Planck Institute at Tu
bingen succeeded in 1solating from 500 hg of commeraial silkworms
(about 330000) 25 mg of a crystaline substance (Butenandt and
Karlson 1954) This substance when mjected 1n one to ten parts per
mullion causes msects to molt Indeed af 1t 25 mjected mto the 1solated
pupal abdomen of a Cecropra silkworm which contains no endocrine
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PGH, an epidermal cell secretes a new cuticle and molts The hund of
cuticle that the eprdermal cell secretes mdicates the stage of differentta
tion of that cell The cuticle of the epidermal cell 1s thus a fingerprint
of the cell s morphogenetic potentialittes The kind of cuticle that the
eprdermal cell produces depends on whether or not corpus allatum
hormone 1s present In the case of stlkworm larvae for example if the
epidermal cell 1s exposed to PGH only, the insect as a whole will pro
gress m the adult directton and the epidermal cells will produce 2
cuticle with adult charactenstics If, however there 1s present, n addi
tion to PGH a large amount of corpus allatum hormone this same
epidermal cell will produce a larval cuticle Finally, if PGH 1» present
together with a small amount of juvemle hormone, the very same
epidermal cell will make a pupal cuticle If the differences between the
scaly cuticle of a2 moth the hard tanned cuticle of a pupa and the
smooth cuticle of a caterpillar are recalled 1t will immediately be rec
ogmzed that mn these different hormonal mulieus the epidermal cell 1>
making very different kinds of cuticle Thus the bastc stmulus for
growth and duferentiation of eprdermal cells (and the rest of the msect
as well) 1s PGH but the direction of development—rwhether larsal
pupal, or adult—s determined by arother hormone, the juvemle hor
mone of the corpus allatum If there 1s a great deal of juvemle hormone
present a larval cuticle 1s produced if 2 small amount 1s present, 2
pupal cuticle and if none at all is present an adult cuticle

‘The brain hormone 1s a trophtc hormone and has as 1ts specific target
the prothoracic glands The brain hormone stimulates the latter to
secrete PGH presumably m a way not unhke the stmulation of the
adrenal cortex by ACTH

Postembryomc growth and molting of insects can be understood quite
sumply mn terms of these three hormones Indeed there 1s evidence that
even during embryonre hfe these hormones play a role For example
some grasshoppers molt about halfway through embryomc hfe mn re
sponse to secretion of PGH by the embryome prothoracic glands

One of the most striking features of msect development 1s that growth
and malting m 1nsects are cyclical Peniods of active growth and molting
alternate with periods of quiescence The cychical molting results from
the cvchical activity of the neurosecretory cells in the brain Periodically
these cells are active and perwodically they late the prothoracic
glands to secrete PGH What the cells of the msect do 1n response to
thus simulabion depends on the amount of juvemle hormone that is
released by the corpora allata Consider for 2 moment the commeraial
slkworm Bombyx mort Dunng lareal Lfe the corpora allata release

48



Endocrne Organs of Arthropods

Iy secretes ecdysone There are also numerous neurosecretory cells m
the bran and aseociated structures of Crustacea and these appear to
regulate the activity of the Y orpan, perhaps in 2 fashion similar to
the regulation of the activity of the prothoracic gland of nsects by the
neurosecretory cells of the bramn Growth and molting in the Crustacea
are thus under the control of neurosecretory cells and a homologue of
the prothoracic glands

WEIss mquired whether the crustacean glands have actually been
tested expenmentally for thexr endocnine functions This question was
raised because Schneiderman had referred to them as “homologues of
msect organs ScHNEIDERMAN answered that Gabe (1952¢ & ¢ 1953)
m Pans the discoverer of the Y organ has shown that this organ
fesembles the prothoratic glands istologically and his co-worker
Lchalier (1954 1955) has conducted extwpation and implantation
experiments which demonstrate that the ¥ organ controls molting at
least 1n the decapod Crustacea (see review of Knowles and Carhsle,
1956) Moreover harlson (1956) has extracted from the shrmp
Cranvon vulgarss a hormone which causes insects to molt, presumably
ccdysone from the Y organ

SCHNEIDERMAN also mentioned that there are certanly other hor
mones i nsects that have received less study For example the ovaries
of many insects appear to produce a hormone that acts on the corpora
allata, 1f an nsect 15 castrated there 1s a4 hypertrophy of the corpora
allata He also amplfied further the analogy between the corpus car
diacum-corpus allatum complex of insects and the neurohypophysis
adenchypophysts complex of the vertebrates (Wigglesworth, 1934,
Han trom 1941) In the insect there 15 a portion of nervous ongin—
the corpus cardiacum——closely assoctated with a portion of ectodermal
ongin—the corpus allatum In the vertebrates there 15 a nervous rudi
ment—the neurohypophysis—that fuses during development with an
ectodermal rud t—the adenohypoph; M m both the
vertebrates and the msects neurosecretory cells from the bram send
their axons to the nervous portion

WILLIER inquired what land of cells are found m the corpus car
diacum  ScHNEIERMAN answered that there are neurosecretory cells
there the so-called chromophil cell In addition there are also %von
terminations of neurosecretory cells who e cell bodies he mn the bran
There are al o some chromophobic cells which may play a role 1n secre
tion The chromophobes appear to be of neuroghal origin and are thus
not neurons But the entire gland 1 of nervous ongin The cotpus
allatam 1s entely different 1n appearance It1s an ectodermal structure
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organs, 1t causes the molt of this structure mnto an adult abdomen
(Williams, 1954) This crystalline matenal 1s unquestionably PGH,
and Karlson has given 1t the name “ecdysone” (Karlson, 1956) For
tunately, 1t 1s @ small molecule and has no mtrogen Its elementary
formula 15 C1sHyOs and 1t appears to be an alpha beta unsaturated
ketone with bydroxyl and methyl groups It s active endocrinologically
m virtually all insects that have been studied Moreover, harlson has
recently 1solated ecdysone from crustaceans, in which 1t apparently
controls moltmg just as 1t does in msects (Karlson, 1956) Thus 1t
seems fair to say that mn an evolutionary sense the protheracic gland
hormone ecdysone 1s probably the oldest hormone that 1s known, for
the msects and the Crustacea must have diverged a long time ago In
deed, ecdysone probably triggered off molting m the trilobites! Aside
from 1ts ancient origin, ecdysone 1s a sigmficant hormone molecule for
another reason 1t 1s responsible for more ammal growth in our par
ticular part of the umverse than any other molecule

The juvenile hormone 1s a molecule of no less interest It 1s a con
servatnve factor which permits growth and molung but prevents dif
ferentiation It represents at least for the insect the fountan of youth
As long as the msect mamtams production of the juvemle hormone,
matunity will be delayed Very recently Carroll Willlams (1956) ob
tamed an active extract of juvemle hormone by the simple maneuver
of extracting abdomens of male Cecropta moths with ether Why the
Juvenle hormone should be stored in the abdomen of male moths 1s not
yet known About 02 cc of clear, yellow oil can be obtaned from
each abdomen and this o1l has potent juvenile hormone activity For
example 1nyection of about 01 ce into a silkworm pupa that 1s about
to molt into a moth causes the pupa to molt into another pupa The
extract works not only on silkworms but on all other msects studied
The juvenile hormone like ecdysone, appears to be a small molecule
that 15 not species specific

Nothing 15 known about the chemtcal nature of the bramn hormone
and all efforts to obtain an active extract of this substance from bramns
have failed completely All that 1s known about the brain hormone 1s
that neurosecretory matenial from the bram (which may or may not be
brain hormone) moves down neurosecretory axons to the corpora car
diaca where 1t appears to be stored Berta Scharser (1952) bas shown
that 1f the connections between the bram and the corpus cardiacum are
cut neurosecretory matersal accumulates above the point of section

Tn the Crustacea molting 15 under the control of an organ called the
1 to the 1 glands and app

«y.organ which s}
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active Scrvemzasan rephed that Jones {1956) has done this He
conducted some reveahng expenments on the embryonc development
of grasshoppers He showed that after the first third of embryome hie,
after the embryo has acquired well formed legs and eyes the only
endocrine organs that are evident are some Jarge neuross in the brain
destined to become neurosecretory cells But soon after this stage
when the embryo rotates m the egg (the process called ¢ katatrepss )
and when the most dynamme aspeets of morphogenesis have been com
pleted the corpus allatum and the prothoracie glands appear almost
simultaneously Jones showed that f an embryo 15 bgated between the
thorax and the abdomen just after Latatrepsis both halves contnue
their deselopment perfectly normally The only difference 55 that the
wolated abdomen fals to undergo an embryomc molt Cell divinen
goes on however and the xarious embryome structures in both hahes
of the bgated ammal assume thesr defimtive appearance These expen
ments led to the conclusion that a good deal of embryoni morpho-
genesss of insects can tahe place without the miercession of any of the
Lnown endocrine organs In fact Donald Buckhin {unpubhshed)
showed several years ago that an isolated hmb of an embryome grass
hopper will continue cell dremston and differentiation i a bapging drop
of saline 1a the complete absence of any endocnine structures It ap
pears therefore that the embryonic development of insects does not
demand the actinaty of endocnne organs unless these structures are
sery diftuse throughout the body of the insect dunng embryomee lfe
No distinet and defimtine endocnine organ 1s swphicated i the em
bryome deselopment of msects The 1ole of diffuse endocring structures
remams te be seen
W £1ss mguired about the old clam of Trew (1928) who reported
that the evagination of mmagial dises does not take place w lanat
blood but does take place in pupal blood SCENEERMAN pomnted out
that this of course imiolies postembryonic development He stated
that 1o one has ever been able to repeat Frew s expenments although
sevesal hase tricd It must have been 2 tucky happenstance that cells
developed under the condibons of bis experniments WEISS then ashed
whether anyone has been able to get a result wn tissue culture com
parzble to those of GaMard m which an isolated part will react to
hormones  ScrnNrmEsMaN answered that Loeh and Schnewderman
{1936) mammtawed msect tssues alne for as long as 23 months in
tissue culture but that pothing happfned The cells merely sit there
1y sending out WESS then ashed
whether these cells fadled even to produce a2 cuticle ScurvemrrMay
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which anses by budding of cells between the mandibular and maxllary
segments These buds then separate from the epidernus The prothoracic
gland consists of an anastomosing network of very large cells which 1s
nichly supplied with tracheae There are cell boundaries, but sometimes
1t appears almost syncytial The cells are quite characteristic and often
contamn lobed nuclel of irregular shape WiLLIER then ashed whether
there 1s any evidence of a secretory cycle SCHNEDERMAN replied that
the cells of the prothoracic gland have a secretory cycle as do the
neurosecretory cells Where these cycles have been studied 1n detail,
they closely parallel the morphologic events of molting WiLLIER also
inquired whether the cells of the corpus allatum contamn secretory
granules SCENEIDERMAN did not know

WILLiER then ashed about the time order in which the endocrne
glands of nsects develop SCHNEIDERMAN replied that this has been
studied embryologically 1n some detail by the Japanese, who have been
very mterested tm everything to do wath the life of silkworms, and more
recently by Jones (1956) 1n the grasshopper The glands are all formed
during embryome hfe In the case of the grasshopper, there 1s some
information about the functional activity of these cells m embryonic
Iife WILLIER ashed Schneiderman what he meant by ¢ embryonic hfe ”
He stated that he means the time from fertthzation until the hitle
grasshopper hatches from the egg 1e the first third of Life, when the
legs and eyes have formed but prior to Latatrepsis, when the embryo
rotates in the egg The only endocrine structures that are evident are
the neurosecretory cells In the development of an insect lthe a grass
hopper as long as the amimal 15 inclosed within the egg and 15 still m
the process of consummng 1ts yolk 1t can be called an ‘embryo In the
Cecropra silhworm  as long as the msect 15 within the egg and has not
emerged it can be called an embryo WiLLIEr then ashed whether
the animal emerges from the egg as a caterpillar SCHNEIDERMAN an
swered 1n the affirmative and stated that a caterpillar 1s certainly no
embryo It 1sa highly developed free ving orgamism Vihen the cater
pillar has emerged from 1ts egg all the endocrine organs are fully
formed There does not appear to be an obvious postembryonic devel
opment of any of the endocrine glands of insects They are then m
their defimtive condition

Korzros ashed whether the cells of these glands have also attaned
defimtive size at this time SCHNEIDERMAN stated that the cells will
increase i sze and 11 some cases 1n number as the ammal increases 1n
mass WEtss ashed whether anyone has gone back mto the egg and
fractionated development so to speah to see when these glands become



VII
Ontogeny of Selected Endoctime Receplors
The Gonads and Gonoducts

The subject of the gonads and gonoducts was mtroduced by DR
Burns He stated that the effects of sex hormones on the development
of the gemtal system have been evammed n at least wx species of
placentat mammals as well as i the opossutn duning the fast 15 years
These hormaenes eanily produce profound transformations of the sex of
the gemtal tract but hstericaily have had almost no effect wpon the
deselopment of the gonad This 1s distinetly contrary to the situation i
the lower vertebrates {fishes amphians and burds) in winch sterowd
sex hormones transiorm the gonad quite eastty Por example 1f a genetic
male opossum 13 treated with estradol dipropionate from the age of
4 or § days after birth unti] the age of 30 days the testes are unmodt
fied except that the intershitia) tassue 13 not quite normal and paiches
of germimal epithelbium persist here and there on the surface of the
gouad Normally the germumnal eputhelium 1s completely lacking by this
ume Vfoore obtamned hhe resulls with opossums and similar observa
ttons were made on treated rats by fost and on treated mice by Ravnaud
(see Burns 1950 for ref and y Al gators 1n
wolved 1n thus early work a,reed that a teshis modified 0 such a shight
extent 1s essentially unmodified

1f treatment is mitated somewhat earher after only 2 or 3 days of
postnatal Lfe there 15 more modification than before but the gonad 15
stifl fundamentally a testis The growth and convolution of the testicn
far tubules are then greatly repressed and mhibsted They remam arch
shaped tubules confined to the penphery of the gonad Again there 15 2
persistence of a shghtly thichened gernunal epithelium on the surface
of the testis

When treatment sith female sex hormone 15 begun almost smmediate
iy after buth the development of the tubules 13 greatly repressed and
the amount of interstitum 15 much reduced The tume Jajer—a thick
fibrous layer—s very thuck and swollen The germinal epsthelum per
sists over the entire surface of the testis {sce Burns 19565 Figs 11
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stated that 1f they are mn the mudst of doin,, this at the time they are
placed 1n the culture medium, they stop domg 1t They are not dead,
because 1f they are transplanted back mto an insect, they develop He
feels that there are good reasons for this behavior None of the culture
media used have duplicated the proper hormonal emviropment The
insect’s blood, strangely enough, 1s a highly towc medium 1n which to
grow insect tissues He feels, furthermore, that 1t will be difficult to
get any Lund of trie insect tissue culture until ecdysone 15 available
This hormone will probably prove necessary for the culture of most
mnsect tissues WEIss then wanted to know what evidence proves that
this 15 a growth hormone that will act outside the body and actually
make things grow that would not do so 1n 1ts absence SCHNTIDERMAN
called attention to the classical experiments begun by Goldschmdt
(1915), who showed that spermatocytes of the Cecropra silkworm
wsolated 1n hanging drops sometimes developed into sperm and some
times farled to do so for reasons that were not understood at the time
Tt was subsequently shown by Schmidt and Williams (1953) that when
ever the pupal insect has mmtiated its adult development and has
quantities of PGH 1n 1ts blood spermatocytes develop into sperm when
1solated 1n the blood But 1n the blood of a pupal msect which has not
begun its adult develop 3 tes fail to In this
instance of course 1t 15 not a matter of growth but almost solely of
differentiation under the mfluence of the hormone

Weiss insisted that this was exactly his point and asked how Schnet
derman could be certain that once Karlson does get more ecdysone
and 1t 15 added to the culture medium growth will actually be stmu
lated SCHNEIDLRMAN could only say that it was their hope that the
addition of this hormone would enable the cultures to grow He pomted
out that actually the hormone 1s ne longer called a growth hormone
1t 1s called ecdysone derived from the word ecdysrs which means
‘molt Ecdysone then 1s the molting hormone Nevertheless there
1s reasonable evidence which has been summarized by Wigglesworth
{1954) that this hormone 15 1n fact a growth hormone
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anyone that the gonads had ever been genetic testes were 1t not for the
fact that there 1s one infallible way to demonstrate the original sex of
the opossum embrso Among all the parts of the urinogenstal system the
only structures which seem to be completely unreactive to sex hormones
durmg this entire early period of development are the scrotal sacs m
the male and the pouch structures in the female (Moore 1941 Bums
1942) Thus a treated indvidual with ovanes but possessing scrotal
sacs 15 presumably a genetic male whereas a treated mdiadual with
ovanes but possessing pouch structures 15 most certamly 2 genetic fe
male (see Burns 19366 Fig 21) In hoth genetic males and genetic
females the external gemitaha are typcally female and are greatly
hypertrophied as are all other parts of the female gemtal systems of
these specimens

Ihfferentiation of ammote gonads 15 shown schematically 1 Fagure
3 Some of the detals of the diagram are still controversial Not every
one agrees that 1o all mammals or even m most mammals pomary sex
cords quite s duagr d Figure 8 4
represents the stage of the wdifferent gonad when pnimary sex cords
are forming according to the classical scheme and these represent the
future tubules of the testis At the next stage (Fig 8 B) the germunal
epithelum 18 sl present consequently this stage 1s still bisewual m
s potentrahties As long as the germunal epsthehum 15 present 1t 35
theoretically possible to a secondary prol of sex cords
and the formation of a cortical zone {Fig 8 D) As soon as the germnal
epithelbum disappears or becomes atrophic as it does w normal male
apossums & dzy or two after barth (Fig 8 C) 1t 55 no longer possible
to cause the transformation of the ponad into an ovary by treatment
wath fernale sex hormone Thus the earlier experiments on opossums
were imtated too late to bring about extreme modification of the
ganads whereas more recent expenments imtiated xmmedxately after
birth produce such extreme hift ‘The
may be considered fo be an endocrine receptor since it can respong to
treatment with female ses hormone by formung an ovanan cortex

Oranes of genetic females are also modified by the same treatment
that transforms testes of genstic males (Burns 19565 Fig 10) The
ovanes are somewhat reduced 1n size The cortet ss not so well devel
aped as in the normal ovary There 13 the same reduction mn the num
ber of germ celly as sn the testes of treated males though m lesser
degree The fact that the number of germ cells 15 also reduced 1 treated
fernales rules out the possthility that therr reduction i treated males 15
due merely to the mability of a transformed testis to reabze the full
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and 12) and m places becomes 3 or 4 cells thick It shows signs of
prohferating again to form secondary sex cords (cortical cords)

If treatment with estradiol dipropionate begins immedsately after
burth, the effects are still more strnling (see Burns, 19565, Figs 13 and
14) The testis 15 agam greatly retarded Tubules are beginming to
degenerate They show vacuolation 1n some regions of the epithebum
The tunc zone 15 extremely thick, and the persistent germinal epithelum
15 becoming quite active over the entire surface of the testis Forma
tion of secondary sex cords 15 mdicated They always onginate from
the germmal epithehum and thus are completely separated from the
testrcular part of the gonad by the wide fibrous tunic zone There 1
no contiruous basement membrane beneath the germnal epithelium
It 1s constantly interrupted and broken down wherever this kind of
proliferation 1s occurnng 1e, wherever proliferation of secondary cords
1s under way In still another specimen (Burns 19565 Figs 17 and
18) the cortical cords are represented by great solid clusters of cells
There 1s 1o sign of germ cells 1 the cortex The greatly thickened
germnal epithelium 15 still present but there are no germ cells 1 the
germinal epithelium either In such specimens the cortex may constl
tute two thirds to three quarters of the entire volume of the gland
The cortex of the normal ovary of the same age (see Burns 19560
Fig 27) possesses cords with the same kind of configuration, but these
are pached with germ cells Actually the germinal epithelum of the
normal ovary 1 less well developed than n the treated embryo In
other words, the germinal epithelium of the ovotestis produced by treat
ment with estradiol 1s hypertrophic and this 1s always the case In
several litters treated mn this way every male without exception pre
sented this picture

The absence of germ cells has been found to be due to the dosage of
hormone used The dosage was approximately 1 or 2 ug of estradiol
per day This s a very low do<e of hormone 1n comparnison with dosages
that bave ordinarily been used in such experiments both in placental
mammals and m all the earlier experiments with the opossum Yet if
the dose 1s cut to as little as # ;g per day germ cells appear in the
cortex as do rudimentary follicles and even follicles 1n which the germ
cells have entered into the ovocyte stage and are beginming to grow
(see Burns 19566 Figs 22 and 23 24 and 26) Near the center 1s alt
that 15 left of the engnal testicular structure of the gonad the thick
whitish, non stasming matenal represents the tunic zone Three litters
have shown this kind of response In some of these ammals the gonads
are so completely transformed that it would be difficult to convince
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potentiahities of a normal ovary In other words thus particular defect
sn the gonads of transformed males 15 not assoctated with the trans
formation of sex per se The germunal epathebum of the treated ovanies
shows the ssme hypertrophy that 15 seen mn the germunal epithelium
of the transformed testes and thus 15 difficult to mterpret In spte of
the fact that the germunal epithehum s greatly hypertrophied the
cortex 1tself s Jess developed than i a normal ovary and there are
fewer germ cells than in the normal ovasy It appears that the hormone
actually with the 3 of primorchal germ cells and
thus reduces their humber

Price asked whether with a hugh dose of estrogen the germ cells are
ever completely Jacking Bumns rephied that 1n the same htters 1 which
the cortex of the transformed testes 15 stenle the ovanan cortex 15
never completely stenile but the numbes of germ cells 1s reduced PricE
then inquired whether there are fewer germ cells with a higher dose
than with a lower one Burns rephed that this 15 usually true Wriss
ashed whether the nucler are consprcuously Jarger m the hypertrophied
germunal epithelium of treated He 1 that they mght
be tetraplosd nucler 1e  that thenr larger size mught be due to falure
of celi division Burns rephed that he had never seen any indication
to suggest that the nucler are larger than normal although he had
never scruttmzed his shdes with that posssbibty 1n mund Tt would be
necessary to measure a great many nucler to demonstrate that pomt

Buens then commented on the fact menlioned earher that the
cortex of transformed testes contains a number of larper falheles con
taimng young orvocytes the nucler of which distinctly show ety pro
phase changes Such large follicles of this character do not occur 1 the
normal cortex of the same age Thus along with 2 hypertrophy of the
geemunal epithelum goes the marked enlargement of 4 certan numbet
of follicles in the cortex of the transformed testis In each case there
1 a stamulation divect or mdwect over and above the nermal growth
of these structures

Fiz & —Schemati; dlustration of the process of sex differentixtion w the ganads
of ammotes showing the vaneus constraent tissues of the embrvosic gonad and they
{uture Ta wduce of the testus by estradiol dip apronate
m the Opossum 1015 Recessary to begin treatment at the tage represented 3 B At thas
stage the primacy sex cords (future senmmferous tubsles) have been fai t down Lot the
germinal epithelm 13 stdd p esent and well preserved In spite of the genetic male
constikution the action of the female hormnne at this stage leads to preservation of the
germnal epithehm and gradual degenerats » of the male elements When the Jatler
process has reached a cestasn poat the germunaf eps(helium becomes actnve and be
haves asan O Redraws from Burns {1955 10563}

39



afvd Suvy wo puadr—8 91T
(xay0)) SRa0Q %0 Aimpuodag

waujayydy jouiag

X~

spio) xag Kaousig

sapngny $1482)



Ontogeny of Selected Endocrme Receptors Govads and Gonoducts

of the freemartin an “evpeniment of Nature as Lathe called ot and
that mvolses a transformation i the gpposite direction from an eiary
nto a testis

Vrrss ashed, of the prtartary 13 imvolved 1n these sex reversal effects,
how it discrimunates betneen mate and female sex hormones Bumws
amswered that arcording 1o the classical concept of Moore and Prce
{1932) concerning the effects of sex hormones on the pitwtary, both
types of hormone male and female exert a depressing or anhbitery
eifect on the gonadotrophic functions of the pitwitary Discrimmnation
by the pituttary betneen male and female hormone s not mvolied i
s expenments simce be used only one sex hormone namely estrogen
I the patuitary 15 innohed to explain the results obfamed i the expen
ments under discussion the reasomng mught be as follows the hor
mone by depressing the gonadotrophic function of the pitustary pre
vents mdwectly the normal growth and differentiation of the testis
€omp tubules and Failure of these elements to
develop permats as a release pt the hiel to
sutvive and uthmately to form & cortex Howesver the suppression of
1estis chiferentration 15 so prompt mn specimens treated immediately after
burth and 15 so extreme that direct action of the female hormone on the
testts components must be considered In ether case, cortical develop
ment could still be regarded as a release phenomenon except that the
hypertrophuc response of the germmnal epithebum and the formation of
precocious follicles are hardly consistent with this interpretation Al
that can be sard 13 that i the indhfferent gonad and 10 the young devel
opmg testis both male and female sex components are present In the
testis the male component 1s represented by the tubular structures and
by the intesstitsum  the female component ss represented by the persist
sng gernunal epithelium and later on by the cortical cords which it pro
duces Tt is quite clear that directly or indirectly—and at the present
tume no decision 15 possible—estradiol 1nhiats development of the male
components and stirulates development of the female components
which of conrse 13 the way female hormone should act according to
clasnical concepts

Wiimn questioned Burns about his statement that the germinal
epithelium 15 a female se< componrent e emphasized that erther the
germunal epithebum can produce the coverng of the testis or it can
under the infiuence of female sex hormone produce the female sex com
ponent—the cortex He ponted out that this suggests that some sort of
switch mechamsm may be molved m determimng the fate of the ger
tunal epthebum For this reason he does not consider it advisable to
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In summaty, the treatment of htters of opossums with female hor
mone causes the following changes in genetic males (1) the most strik
ing effect noted 1n the easker stages of treatment 15 a marhed retardation
or mhbition of the development of the testis as a whole The deselop
ment of the testis cords 1s arrested Later they undergo shrinka,e and
degeneration to a point where they resemble the vestigial medullary
cords of the ovary (2) The interstitial tissue 15 greatly repressed The
nuclel appear dense and pyhnotic, and ultimately this tissue disappears
entirely (3) There 15 a duninution in the germ cells These three effects
are of an inlubitory or repressive character Two effects of a postive
nature have been noted (1) the germmnal epitheltum in treated ammals
of both sexes 15 hypertrophic to such an extent that 1t greatly eceeds
in thickness the gernunal epithelum of normal ovares, and (2) a cer
tam number of young follicles 1n the cortex of transformed testes ex
hibit precocious growth The large ovocytes i these follicles measure
about 25 g, twice the diameter of the largest follicles n normal pvaries
of the same age

Price ashed Burns whether he visualized the inhibition of the sem
iniferous tubules as an indirect effect through the prturtary or as 2
direct effect She suggested that the mhibition of the testicular tubules
mught be due to the fact that the cortex 15 developing and inhibiting
them BURNS stated that it 15 unpossible to say with any certamnty
whether the effect of hormone treatment on the semimferous tubules
1s direct or whether 1t 1s exerted through the agency of the primfary
The simultaneous mhibition of the mtersttirm which presumably

i} d of the male h 1 the embryomc testis,
could result m the p of the 1 hel and the de
velopment of the cortex Thus development of the germunal eprthelium
and the cortex could be a release phenomenon due to the lack of in
Iubttion by testicular secretion Merely becau e of release from inhibt
tion the germinal epithelum might persist for a while and then pro
hferate secondary cords to form a cortes But that does not explam the
hypertraphuc effect on the germunal epithelium and certain follicles
which represents growth over and abose normal Something more than
a sumple release 1s mvohied because the germmal eprthehum do=s not
merely sucvive and grow to the same de,ree as 1n the normal ovary
1t 15 exceedingly hypertrophied In this case there ts a postine sumula
tion but whether 1t ts direct or ndirect in nature 1s unknown The
cheef sipmficance of these results is that they are the first instance 1
1 1n which the ) 1 differentiation of the gonad has
expenimentally The only sinular case on record 1s that

any
pbeen reversed
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(1952) d d that the app: of an embryome testss to
a bit of ovanan tissue 1n vitro results mn formation of a cortex on the
testis In this case the receptor 1s responding in the absence of the rest
of the organism, including the antenror pituitary SECAL stated that sex
reversal can be brought about simlarly 1 hypophysectomized Jarvze of
amphibians

Buens then suggested that the only reason for suspecting the prtur
tary at all 15 1n comparison with the events after untlateral remosal of
an ovary 1n many ammals The number of maturing follicles in the re
mamng ovary essentially doubles under these circumstances And 1f
the remaining ovary 1s fragmented and only a portton of 1t 15 left, the
number of maturing follicles 1n that fragment of an ovary agamn mn
creases A hind of compensatory phenomenon takes place which has
been explained on the basis of gonadotrophic effects on the remammng
ovary or piece of ovary The precocious growth of a few follicles m the
testicular cortex 1s essentrally the same hind of compensation as that
which occurs after partial ovaniectomy in mammals He then stated that
the queshion of the intervention of the pituitary 1n any differential way
m sexual differentiation has scarcely been raised It seems to have no
importance except that st may influence quantitatively the growth of
structures later on It 1s not qualitatiely mvolved m the phenomena of
sex differentiation T\ EIss was anxious to have this point emphasized for
the record

PrICE then 1nquired whether estrogen treatment stops mugration of
germ cells from the extra gonadal areas BURNs answered that this pos
sibility has not been explored He stated that nothing 1s known about
the prmordial germ cells of the opossum before they are in the gonad
Whether the sterility of the cortex i the earlier expenments could be
attnibuted to an early arrest of germ cell movement seems doubtful since
the testicular part of these gonads 1s mot stenle WILLIER mquired
whether the germ cells of the opossum are already 1n the germinal eps
thelium at the earliest normal stages exammed BurNs answered that
they are in the gonad but not in the germinal epithelum They are al
ways beneath the germinal epithelium n the stromal part of the gonad
He has seen no evidence that they come from the germnal epithehum
although his observations are not conclusive on this point

MarTivoviTet then ashed Burns whether his interpretation of the
action of the hormone on the germ cell tract 15 that the hormone may
mnhibit cellular diision Burxs rephed that this 1s all he can thiok of
The number of germ cells 1s greatly reduced It 1s reduced m both the
testis and the vary The only treatment has been the admimstration of
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refer to the germunal epithehum as a female sex component BURNS
agreed that 1n early stages of gonad formation (Fig 8, 4) the gesmmal
eprthelium cannot be called a female sex component because 1t 1s pro-
ducing the medullary cords, which are the testicular part of the gonad
However, experimental treatment 15 begun at the stage lustrated by
Figure 8 B At thus stage the gonad 1s still bipotential because the tes
ticular elements have been laid down and the germinal eprthelium is still
present From thus stage on, the gernunal epithelium can do only the
two things indicated in Figure 8, C and D 1t can atrophy to form the
covering membrane of the testis or it can continve to proliferate and
form a cortex And i that sense, a2 ths stage of development the ger
minal epithelum when 1t 1s present must be regarded as a component
of the gonad which has female potentialities and never male

ROLLROS ashed whether it 1s possible to treat the gonad locally with
female hormone Such 2 would el the possibility of
mntervention by the prtuitary, or at least presumably would do so BurNs
answered that this would be difficult to do for techmical reasons, at least
1 vivo KOLLros then illustrated how his laboratory makes use of thy
roun pellets to produce localized effects If such a pellet 1s placed just
under the sk of a tadpole, an effect on the skin glands 15 evident (see
Rollres and haltenbach 1952 Fig 5 ¢) Just above the pellet are large
glands and moltmg of the skin A bttle to one side appear very substan
tial glands without superficial molting Far to the other side, only gland
nests appear The distance in the tadpole over which the local effect
may be detected 15 pethaps ! mm or maybe 1 S mm A sumlar effect
can be shown if the pellet is placed immediately adjacent to the area of
the shm window where the front legs ordinanily emerge (see haltenbach
1953¢ P1 1) On the side containing the peflet there 1s 2 rupture of the
window even though the limbs are i 2 very embryonic conditon On
the other side which recenned a control pellet of cholestero] there ts no
rupture 1 fact there 1s still a very thick opercular wall there Because
such local effects can be produced m tadpoles the thought suggested 1t
self that pellets of estradiol placed next to the tests might lihewise have
speaific Jocal effects thereby providing one way of analyzing whether
there 1s an nfluence directly on the gonad or only indrectly through the
pitwtacy gland

Ewidence was then introduced by WILLIER winch makes it seem un
Lkely that the prtuttary s invahed in transformation of the gonad
Furst, he commented on the fact that Wolff (1937) has demonstrated
that sex reversal can be produced Just as readily m prantaryless em
bryos as 10 intact embryos Second he recalled that Wolff and Haffen
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tather old story which has been mn the hterature for many years The
situation in the opossurn does not differ significantly from that s half
a dozen othar mammals i whch the mdther has been treated with hor
mone during pregnancy The gemital tracts of the young are sather com
pletely transformed i many cases In general the effects of the hor
mones are fairly <peasfic Fomale hormones stimulate development of
Mullerian ducts and mhibit Wollfian ducts, and vice yersy An exception
to this last stvtement must be made in the case of the mammals, 1
which testosterone nd its compounds do not indbst the Musllesiin ducts
except partedly m one or two speces, Burns {1955) should be con
sulted for detalls In the opmsum for example only the vagmal part of
the Mult duct 15 supy O; which received estradiol
tremtment possess greatly hypertrophied exvternal gemtal structures of
the female type Fstrudol compledely snhibits development of the pros
tates 1 young, treated males Al dernvatives of the Mullersan ducts are
greatly hypertraphied in both sexes {ollowing treatment with estradsol
wherens the Wollfian ducts are unmadified and appear as m controls
“The fiormones appear to be acting directly on the wdividual pamordin
and the effects are specific of care 1s taken to control the dosage Tara
dowienl effects are encountered with exceedingly large dosages espe
cally with androgens which 1 higher concentsations stymulate Mul
lertan duct detnvatives Lower dosages do not cause such piradoucal
effects Witrier emphasized that such results mdiwate that there are
tatent differences 1n sesponse based on pre emsting heterogeneity The
sex ducts tespond n a differential manner to male or female sex hor
mones depending on thess 1nherent constitution

Murnock then presented some of lus experiments on granulosa celf
tumors in mice which show how sensitive the cells are to <hiferent dos
ages of bormones {Vap Nie and Mublbock 1936) e stated that
after transplantation most granujosa cell tumors grow better in males
than in females In orchudectonuzed males the sate of growth decreases
to the level of gmwlh s females The castration effect in males can be
k: t2d) by B It 15 stnlung that estrogens and
progesterane exert lhc same accelerating effect as do androgens on the
growth of these tumors A more detatled study by Van Nie (1957) dem
onstrated that some of these tumers prow ouly at & very distinet hor
mone level (Fig 9) Yith low dowes as with very high doses the
g7owth of the tumors 15 not optimal  Discontinuation of hormone appls
cation cuses & very remarkable regression of the tumors Tt 1s steking
that after transplantation the tumor cells may he dormant i the sub
cutaneaus tseue for & long tume and only begin to grow Affer stimuia 1
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the female hormone Consequently, this hormone must, 1n some way, be
responsible for the reduction MaRTINOVITCH then ashed whether there
1s any evidence of the possibility that the hormone may exert a direct
mjury effect on the germ cells BUrNs answered that this might be the
explanation, although he knows of no other evidence to show that exces
sive hormone directly injures germ cells The reduction 1n number of
germ cells appears to occur before the spermatocyte or the oocyte stages
It 1s the number of goma that 15 reduced Thus whatever the effect of
the hormone 1t 15 exerted very early

Weiss then inquired whether treatment at the same stage with a
whole range of dosages of testosterone from zero to shoch doses would
give the same effect BURNS answered that he did not know, since up to
now there are no exp n which was given at the
early stages at which an effect on the germ cells 1s noted horLros sug
gested that the switch mechanism 1nsofar as the germinal epithelum 1s
concerned, e whether 1t wall form cortex of the female type or stmply
the covering of the testis, may be a direct effect of the hormone treat
ment, whereas the number of germ cells produced may be influenced 1
directly through the pitwitary WEIss considered this to be an oversim
plification of the situation He suggested that the pitmtary may some
how be mvolved by setting the level of the response of the gonad tissue
without determining which direction 1t will take the chenucal configu
ration of the hormone admimstered may actually determune the direc
tion of development of the receptor Burns took this occasion to empha
size that an analysis of the way 1n which the female hormone produces
its effects would require an almost unlimuted number of experiments
This would be exceedingly difficult with opossums because 1t 1s €t
tremely difficult to obtan Iitters young enough to produce the transfor
mation of the testis The number of litters born at a stape when the ger
minal epithelium 15 till present 15 only 2 very small proportion of the
total hitters available Thus there 15 considerable variation in the condi
tion of the gonads at the moment young opossums ate born The expen
menter must alnays wait for hittets in just the right stage of develop
ment at the time of birth and this means that studies of this type cannot
progress as rapudly as destrable

Dr WiLLIER called attention to the gonoducts as endocrine receptors
and asked Burns to comment briefly on the effect of sex hormones on
the vanous sex ducts Is the hormone selective 1n 1ts action on the sex
ducts? Is this effect direct or mndurect? If the testis 13 caused to trans
form Into an ovary or Into an ovotesis are there simultaneous changes
1n the female direction in the gonoducts? Burns stated that thisis a
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t1on wath hormones Moreover 1f the tumor undergoes 2 certasn. morpho
logie change 1t 1S 10 longer dependent on the hormone It somehow or
other loses is ability to respond selectnely It can no Jonger be sup
pressed with hugh dosages of the hormone Ths effect 1§ independent of
the priwmtary gland, since the same results are obtarned when the expent

ments are performed on hypophy 4 ammals Sc \
ashed whether the tumor bad lost the aluhty to respond or whether it
bad ganed the ability to be mdependent When a cell differenbiates 1t
certainly loses the ability to produce certain substances and 1 the
process gans nutntional requirsments Weiss put 1t this way Y hy

drogen and chlorme are combned to form hydeechlone acd they loce
the properties of the by drogen and the chlonne but they gam the prop

erties of the aad!

SeGAL next presented an etample of Nature s expenment 1o sex re
versal m the mammalan gomad He Mustrated a testicular Biopsy
which was tahen from a buman genetic female as proved by the sex
chromatin test {Segal and Nelson 1957} This genetic female des eloped
imfertiie testes and the complete secondary sex apparatus of 2 mate
This case and all others of this so called Khnefelter syndrome involve
mdniduals aho are rased as men and who frequently marry as males
In s0me ¢ases Spermatogenesis 1s complete i some tubules This cond
tion must certamly have an embryomc ongin with the indifferent em
bryome gonad differentiating 1n a direction opposite from aits genetic
constitution The normaily dommant embryome gonadal cortex of this
genetic female bas been suppressed m favor of the development of the
medulla

\Wrrrier then resiewed evpenments performed an s Iaboratory much
earlier maohang admmistration of sex hormomes to chich embrios
{Wilher 1039 1942) In genelic males there 15 an nctpent ovanan
cortex on the left gonad which 18 usually laching on the nght side
although sccasionally a little it of ovanan cortex 15 present on the
nght side alsa As long as tius mapient ovanan cortex 18 present when
introduction of female bormone occurs it can respond by developung
into a beauttiul and tvpreal ovarian cortex The two sides of the body
differ with respect to ¢he tume that the mapent cortex disappears If
Ferentiation proceeds m the male direction the primary sex cords be
come the sermmierous tubules and certam ducts persist to become pas
sa.eways lor escape of spermatozoa ‘The Mullenan ducts disappear 1f
Aifferentiation proceeds 1o the female direction an ovanuan cortex forms

on the left side The primary sex cords remam on the left but they as
sume & different form than they do 1n the male they hollow out mnstead
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The Wolffian ducts and certain mesonephric tubules which begmn to hy
pertrophy with low dosages become enormously swollen when 1 mg or
more of hormone 15 given Thus 1n these experiments the receptors re
spond to sex hormones selectively Male components respond to male
hormone whether they are present i1 genetic males or 1n genetic fe
males, and female components respond to female hormone whether they
are present 1n genetic males or 1n genetic females Thus as m the case of
mammals there are latent differences in response based on pre euisting
The sex are already tuned, <o to speak tore
spond to a specific kind of hormone The same Lmd> of changes can be
brought about by injections of sex hormones into duck embryos
Domm (1939) and others have shown that when the left ovary of a
young bird 1s removed after hatching, the night ovary which 1s poten
tially a testis, actually transforms mnto a testis Simlarly, the left ovar
1an medulla transforms wto a testis after removal of 1ts cortex Thus
the ovanan cortex seems to be exerting an inhibitory effect on the ex
pression of the male components of the ovary Werss asked in connec
tion with what had been said earher about differences 1n heterozygous
and homozygous sexes 1n birds, as compared with mammals whether
there 18 any evidence 1n s that the male c of the gon
ads exerts an ihititory influence an the cortical component In other
words 15 the situation Just the oppostte from that found n birds? SeGar
stated that the case of human sex reversal in the Klinefelter syndrome,
d earlier, 1llustrates exactly this d The embryological
aspects of this situation have been completely discussed 1n recent papers
by Segal and Nelson (1957) and by Witschi Nelson and Segal (1957)
Burns stated that in the opossum there 15 no experimental evidence on
this pomnt as yet although as he mentioned earlier 1t 1s possible to ex
plam the development of the cortex on the transformed testes of opos
sums treated with female sex hormone in terms of a release from an m
hibition normally exercised by the medullary component WiLLIER
stated that the freemartin mught be a case of this sort because the left
ovarian cortex failed to develop 1n most of Lillles cases Bissonnette
(1924) however had some cases in which there was a little ovarian cor
tex present Under these an t was duced
Whether an incpient ovanan cortex 1s present 1n cattle has not been
demonstrated however an mciplent ovanan cortex has been demon
strated i certain mammals lhke the cat BURNS emphasized that the
germinal epithelium 1tself at a certain stage represents an mapient cor
tex 1e dunng the ndifferent stage of the gonad Wriss inquired
whether anyone has transplanted a young male gonad into the early
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of remamning solid The oviduct develops fram the Mulleran duct on the
left side only, 1t disappears on the nght side, with the exception of a
small rudiment Thus the embryo has a bisexual orgatization at first,
with both male and female components, just as 1n the mammat

Sex differentiation can be modified by the mtroduction of sex hor
mones Even though the dosage 15 carefully controlled 1t 15 impossible
to determne the exact dosage actually reaching the embryo hence the
results are somewhat vatable If female sex hormone 15 added to genetic
males the left testis 1s altered m form and structure 1t becomes a flat
tened, ovary like body consisting of both ovatian and testicular tissue
(ovotestis) In extreme cases 1t 1s practicaily indistingwshable from a
normal left ovary (see Willter, 1939, Figs 28 and 31) Near the hilus 1s
typrcal testicular tissue More centrally located 1s medullary tissue but
the sex cords mn this location are hollowed out to jorm the female pat
teen of the male sex component A thick ovanan cortex occurs at the
surface and contains many germ cells If female sex hormone 15 admin
sstered after the mnth day when the incipient ovarian cortex has disap
peared no reversal effects can be obtamed In such experments the
onigmal sex of the treated embryo can be determimed because the fertile
eggs come from a cross between two breeds of chickens 1n wiich all the
male chicks have a patch of wiite feathers on the top of the head
whereas the female chichs have blach plumage over the head These
plumage charactenstics are independent of sex hormones The night tes
t1s of treated males remamns unchanged except in those cases exmbiting
complete or nearly complete reversal of the left testis, then 1t 15 re
duced 1n size flattened and contans ovanian medullary tissue 1ts tes
ticular nature 1s never Jost The Mulleran ducts persist on both mides,
ewther partially or completely depending on the dosages given With
very large dosages they become hypertrophied There 1s no effect on the
Wolffian ducts In the normal male the testes are cylindrical n outhne
and the Mullenian ducts are absent (see Willter 1939 Fig 29)

If male sex hormone 1s added to genetic females the form and struc
ture of the ovaries are altered (Willer 1939 Figs 30 and 33) Each
ovary, and especsally the right assumes the form of a testis The ovar
1an cortex on the left gonad thins out and degenerates while the osar
1an medulla hypertrophies and transforms mto testicular tissue at the
fulus The medulla of the nght ovary hypertroplies and transforms nto
testicular sex cords It is much more difficult to bring about the rev ersal
of the sex compenents of the female gonad than of the male gonad Ovt
ducts exhubit vanous grades of retrogressive changes the left one often
undergoing reduction to a short rudimentary portion contaiming 2 lumen
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generation 1 explants tahen from the left ovaty, and especially mn cul
tures made from its caudal pole Cordlike proliferations develop
which numerous oogoma and cocytes 1n all stages of meiotic prophase
are to be seen Such dufferential behavior of explants taken from left and
nght ovanes also eusts when donors ate 4, 5, or 6 month {etuses
These ohservations seem to indicate some kind of inequality m the re
of organ 1solated from the two sides of

the body PricE inquired how many explants were smvalved GaILLARD
answered approximatelv 45 ot each

WirLier then pomnted out 1 this connection that there i evidence
that 1 monotremes the left ovary 15 the one that produces the eogs
Furthermore 1n the case of the freemartin, the changes differ on the
night and left sides BurNS commented that he had not noticed di tinct,
lateral dufferences between the two «des in the reacion of set primordia
in the opossum but that he was not prepared to state that differences of
s nature would not be found 1f prect € measurements were made Cer
tanly 1f they exst they are not so conspicuous as m birds ScuorTe
then ashed whether there 15 any ewidence that ovanan tumors occur
more frequently on the left than on the nght side m humaas Munc
BOCk replied that in their esperiments they often see a tumor on one
side anly, but that there ts no difference 1n frequency between left and
bt sides

T erss then stated that it wa s feeling that a pownt had been
reached 1p the discussion where special attention should he given to the
factors involved 1n the estat of the latent giffs m response
of the receptars Developtent begins of course, with a zygote, which s
geneticallv male or genetically female, and as development progresses
sarius embryome ruduments arise whose cells ate all genetically male
or genetically female When hormanes are added to the developing sys
tem erther from the outside (exogenous hormones) or from the mside
(end } male rudi respond differently
at least quantitatively from genetically female rudiments He rased sev
eral questions about the progress of development of the rudiments Do
they develop 4s completely closed systems up to the moment when they
are suddenly confronted with hormones for the first time? And when
they are first expo ed to hormones are they then chanced m some way
once and for all such that they are not influenced 1n any way thereafter

bv the presence of these b The onginal diff m genehic
vomposttiun of zygotie male and zygotic females may be detectable
early stages by d n sex ch m the lus etc But

the different reactions of receptors of zygotic males and zygotic females
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cortex of an ovary to see whether there 15 a local inhibitory eifect
Burns rephed that it nould be very difficult to do technically but that
doubtless a clever operator Jike Dr Jost could do the operation WILLIER
added that Wollf has been able in some of his espennments to produce
an ovarian cortex on the night ovary, provided that the treatment begms
early enough Typtcally the right ovary Iacks an ovanan cortex, but or
casionally Dittle patches of ovaman cortex are present on the nght
gonad, and these can then respond to treatment with female sex hor
mones

Price mquired whether there 15 anv explanation of the asymmetry
the avian reproductive system YWILLIER replied that this 1s but part of
the fundamental asymmetry of the chick embryo Even i eather stages
1€, 10 prmitise streak and head process stages there are differences
the capacity of the two sides of the body to produce an organ such as
the eye 1n 1solates transplanted to the chorio allantoic membrane 1f the
transverse eye fornung region 15 cut inta three preces (right, median
and left) the capacity of the right prece for formation of an eve 15 lower
than the capacity of the left prece The median prece 15 more or less 1o
termediate between the two lateral preces In the case of every ovgan
forming system that has been examuned, there 1> a greater tendency to
produce more tissue and more normal tssue, 1 grafts of preces tahen
from the left side of the body WEISS mentioned that the same thing 1s
true of amphibians and sea urchins VWILLIER suggested that we may be
wrong mn teaching students that orgamsms are bilaterally symmetrical
actually, they are it 1) rical YWEIss d that all
this really amounts to 1s that one side of the body 1s ahead of the other
1t gets a head start in development and thus 1s a httle older thin the
other hall BurNs also mentioned the fact that there 1s an asymmetry
m the adult orgamsm that 15 not confined to the reproductive tract For
example the aortic arch in birds 15 on the nght side and not on the leit
as 1n mammals and there are other very marked asymmetnies m the
adult

In relation to this topic of asymmetry GAILLARD next commented
briefly on ome differences m the behavior of explants dered from the
nght and left ovanes of man When organ cultures of the penipheral
part of the cortex (including the germmnal eprtheltum) are made from
the ouvartes talen from a 31 month human fetus the evplants taken
from the right ovary begin to degenerate after some days Complete dis
organization of the typical ovaran structure occurs and within 1 week
st s hardly possible to recognize the tissue as a derivative of the ovary
camplete degeneration may oceur By contrast there 1s a complete re
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It 15 absurd therefore to mquire whether a particular response 1s de
termined hormonally or genetically Even 1f 1t appears superficially to
be determmed hormonally the hormone source 1s determined by the
genome plus the embryomc history that 1s behind 1t when 1ts product 1s
first encountered Hormone actton 1s probably not a one shot operation,
the agent involved more hkely operates at difierent times repeatedly,
producing different results depending on the time at which 1t works It
may change a given system m a given way at one moment but it likely
exerts 1ts effects again and again on the system as time goes on
SCHNEIDERMAN d that 1t 1s probably the p of
things like metamorphoss that causes us to think too much of the tng
gering action of hormones rather than of a sustained and repetitive ac
tion at different stages of matunity He mentioned that in the case of
metamorphosis of msects it makes a great deal of difference whether a
big dose of hormone 15 given at one time or whether a httle bit 1s given
over a long time quite different types of orgamsms are produred
Burns pomnted out that at various points along any grven cham of m
teractions that 15 imvolhved 1n the development of any receptor some of
its final characteristics can be mfluenced with hormones, but others can
not The system 15 in constant transformation But Burns also empha
sized that at given moments 1n development certaim xreversible changes
can and do occur almost mnstantaneously perhaps not 1 a matter of
nunutes or even of hours but within a relatively short span of time
He recalled the situation 1n the opossum testis which he had discussed
earlier and 1llustrated a section 1n which the germinal epsthehum on the
surface of the testis had separated from the primary sex cords (see
Burns 19565 Fig §) He emphasized that this 1s about 24 hours after
the stage at wiuch hormone mjections were made By this stage it 1s
uite inpossible to restore any activity of the germinal epithebum Thus
within 24 hours the germmal epithelium has lost 1its capacity to respond
to estrogen and no treatment will cause any further development of the
cortex or even any hypertrophy of the germuinal epithelium WiLimr
stated that the same thing 1s true of the left testis of the chick It rather
suddenly reaches a stage where 1t 15 no longer responsne Burns sug
gested that there 15 a ssmilar cntical penod for the prostatic buds al
though perhaps not so brief Wess stated that he wished only to em
phasize that the developing system Joses what 1t does as 2 result of the
environment 1t has heen exposed to during 1ts development prior to that
time rather than exclusively as the result of an mnate change of 1ts own
SecaL then reported on the work and interpretations of Chang
(Chang 1955 Chang and Witsch1 19555) which prowide an example
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must be conditioned by much more than the original genetic differences
of the cells present 1n the receptors The cells of each receptor as they
develop are surrounded and 1nfluenced by a male or a female environ
ment consisting of nerghboring male or female cells and their products
It 15 well known from experimental embryology that many cellular in
teractions play back and forth n a complex fashion between the vart
ous organ rudiments derived from the zygote The reactions between the
organ ruduments of a male zygate ought ta be somewhat different from
the reactions between the organ rudiments of a female zygote, whether
we can detect them or not When the establichment of heterogeneity 1n
receptors 1s discussed, what should be considered 1s the sum total not
only of the iitia] differences in genetic composition but of all the dif
ferent mnteractions within male and female imdniduals that take place
duning their developmental hustory If this 1s true, then the underlying
conditions for quantitatwvely different reactions of male and female
rudiments to the same hormonal conditions ongnate progresswvely with
time During development of the pituitary glands of genetic males and
genetic females there 15 probably never a stage when the cells ace €x
actly identical 1n the tno sexes in their response to hormones They are
different when they begin to develop, but they also respond differently
to influences from adjacent organs as they develop, and thus they be
come increasingly different from one another in a progressive way
Whether reactive capacities are established progressively n this way
needs to be tested and, unless the problems are posed 1n this form they
will not be tested When something 1s added from the outside—for ex

ample an exogenous hormone—it does not act from scratch, 1t does not
operate on a system which has no history and has just been warting un

changed for testosterone or stilbestrol or what pot to be added What

ever 1s done expersmentally to the organsm has to be rated agamnst the
background of the previous history of the reacting embryonic structures

and this history has not been immune from tissue interactions Instead
of talking about an exclusive monopoly of a particular glandular dis

charge 1n the regulation of an otherwise mncifferent and sgnorant sys

tem the posstbility should be considered that le agents of
similar nature have been acting on that system throughout its develop

mental history although 1n a less dramatic way Thus the mherent
characteristics of a later stage are more than the genetic constitution
receved by the zvgote they are the products of a historical course of
nteractions between the oniginal genome and 1ts environment It 1s rare

rather than common that such sharply defined reaction times ate en

countered as those charactenstic of the phenomena of metamorphosis
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males and females Even though they do not come from the ovaries and
testes and even though removal of the gonads and cross transplantation
experiments have no effect at all, this does not mean that they are not
produced at other sites

MunrBock then ashed whether anything 1s known about the influ
ence of the age of the parents on the development of the young 1n mam
mals He stated that he has some evidence that the age of the mother
exerts an influence on the development of tumors in mice (Muhlbock
1956) We1ss referred him to the conference on the prenatal mfluences
mn mammahan development that had already been held
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of the concept developed by Werss, namely, that an organ system reacts
in accordance with and as a result of 1ts entire past history, including
its genotype In Xenopus the male 1s homozygous (X2\), whereas the
female 15 heterozygous (\¥) Estrogen added to the aquarum water
contaning Yenopus larvae causes feminization of genetic males Andro
gens have no effect on genetic females Thus 1n the latter case a zygote
starting with the \Y chromosome composition undergoes a develop
mental history which precludes a possible mterference with sex differ
entration by the administration of androgens XX females produced by
the treatment of genetic males with estrogen can be mated with normal
%X males The result of such a cross 1s obviously 100 per cent larvae of
the XX genotype 1e, genetic males If, during the third week in devel
opment such larvae are treated for a 3 day pertod with estrogens they
can be sex reversed to X females and could later be used 1n matings
as functional females If however, following this short but femimzing
treatment with estrogens, these larvae are subjected to the admmstra
tion of androgen the resultant gonad 1s of the testicular type In other
words 1t 1s posstble to bring about an androgen induced masculintzation
of the gonad of X enopus larvae 1f the ovary bearing larva 1s of the ko

mozygous genotype If 1t 1s of the keterozygous type, as under normal
arcumstances androgen has no such eflect This difference mn onginal
genotvpe results m a different potentrality in the receptor organ to re

spond to the hormonal stimulus In Rana the homozygous female can be
masculmzed with androgens In dmbvystoma the heterozygous female
Iike Xenopus cannot be sex reversed with androgens Such observations
led Chang to postulate that there exists a possible relattonship between
female homozygosity and a positive 1 of andi

Thus the genetic background 1s carrred through the lives of these am

mals, and 1t takes an ingemious experimental design to bring 1t out

Werss then inquired whether 1t 1s lly true that the h

sex has the greater mertia so to speah BURNs answered that as far as
castration experiments in birds and mammals are concerned the cas

trate type m birds closely resembles the normal male (XX) whereas
the castrate type in mammals closely resembles the mormal female
(%) In Yenopus according to Schotte the castrate closely resembles
the female (AY)

ScHNEERMAN then pointed out that msects have no sex hormones
as far as 1s known The 1nsect sex organs are sex limuted from the ear
liest stages of their development and cannot be modified by transplan
tation WeIss stated that all that can be satd from such experiments 1s
that 1f sex hormones exst in nsects the same ones are present mn both
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trapentoneal admimstration of diphtheria antitoun, the ammals de
from diphthena intoxication But n the periphery of the body the toxin
1s neutralized Under the conditions of this expenment the adrenal
cortex shows only the physiologic signs of ACTH stimulation (increased
number of mutoses increased nuclear volume i all thite zones, and the
so called progressive transformation) but no hemorrhage and no
NECTos1S

Diphtheria towun 1s distributed over the entire body after mnjection
But normally other organs such as the ovaries and the testes do not
respond even to very high doses of the touin However, pretreatment of
mfant animals with gonadotrophins followed by the injection of only 2
ML D of the toun results 1n a very pronounced hemorrhagic necrosss
of the ovaries or the testes Even more mstructive 1s the observation
that hypophysectomized and castrated female guinea pigs previously
treated with estradiol show after admimistration of diphthena toun a
severe hemorrhagic necrosis of the endemetrium but na lesions of the
adrenal cortex Without treatment with estradiol even very high doses
of the toxn are neffective on the mucosa of the uterus

The specific action of other Linds of bacterial towins differs from that
of diphtheria toun As far as therr effect on the adrenal cortex 1s con
cerned three types of bactenal products can be recogmzed (Table 2)
(1) Botuhnus toxin acts on the adrenal gland only as other stressors
do Its effect on the adrenals 1s purely non specific There 1s no speaific
tissue damaging action Therefore the adrenal shows no destructive
lesions (2) Diphtheria toxin possesses a tissue damaging action that
1s strctly related to the stimulation of the adrenals by ACTH (3)
Memngococeal toxin grves two kinds of action (@) a non specific ac
tion resulting in release of ACTH by the pitmtary and (5) a specific
tissue damaging effect which contrary to the diphthena toun 1s not
prncipally related to stimulation of the gland by ACTH Hemorrhage
and necrosis occur even 1n the absence of the pitwitary For details
consult Tonutts (1953 1956)

WEI s inquired whether the action of hypophysectomy 15 due to the
fact that excitability of the tissues normally increases in the absence of
the pitwitary He suggested that 1t might also be due to the fact that
removal of the hypophysis brings other endoctine organs mnto compensa
tory operation ToxuUT1T answered that 1t 1s the absence of ACTH per se
which 15 responsible becau e normal behavior of the tissue can be com
pletely restored by substitution with ACTH The gonads adrenals, and
thyrowds are inactive after hypophysectomy No other glands have a
similat action VWErss then mquiced whether diphthenia toun has an
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According to Weiss, conditioning 15 a non overt act 1t 1s an action
on an organic system that leaves a residue which 1s not immediately de-
tectable Any subsequent action will have been modified by the previous
actwvity of the so called conditioning agent In the case of a nerve, con
ditioning changes the exaitatory state or the threshold of the system
This results 1n an expressed or overt action when another factor
{stimulus) 1s introduced at a lower or higher dose or for a longer or
shorter exposure

Tonurtl then dlustrated the conditioning effect of hormones on the
destructive action of bacterial toxins against tissues (Tonutty, 1953)
It 15 well known that diphtheria toxin causes practically complete de
struction of the adrenal gland withmn 24 hours 1f admimstered at 2
dose of § ML D The organ loses its vellow color and becomes cherry
red Histologic exammnation reveals a severe hemorrhagic reaction and
severe necrosis In the hypophysectomized gumnea pig the adrenal re
mains yellow after inoculation with the same dose of diphtheria toxn
Tistologically, there 1s no vascular reaction and no necrosis Hypophy
sectomy therefore completely protects the adrenal tissue agamnst the
destructive action of diphthena ton or 1n other words adrenal tissue
loses 1ts responsiveness to diphtherta town after hypophysectomy If
hypophysectomized guinea pigs are treated with ACTH and are then
mjected with diphtheria toxin the responsiveness of the adrenal tissue
to the towun reappears This seems to be definite proof that the destruc
tive action of diphtheria towun on the adrenal 1s conditioned by ACTH

In the normal ammal diphthenia toxin has two actions (1) a nen
specific action which results n the release of ACTH by the pituitary
as a result of which there 15 a physiologic stimulation of the adrenal by
ACTH, and (2) a speaific action which leads to bleeding and necrosis
1n the adrenal but only 1f the adrenal tissue 1s strmulated by ACTH
The non speaific action can be separated from the specific tissue dam
aging effect of the toxin by the following experiment If diphtherra
touin 15 injected mto the bran of ammals previously immumzed by mn
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of action of the stromal component of organs ToNUTTI stated that
usually the capillanies in normal adrenals are not very large and are
not readily seen after treatment with diphthena toxin they become
very much enlarged They suffer stasis and some exudation takes place
WEIss suggested that the occurrence of stasis suggests the exstence of
 local constriction somewhere The capillary bed has clamped down
Thus there must be an action on the capillary wall WILLIER agreed
that this 1s probably so because the capillary wall of the adrenal gland
15 no doubt different from the capillary wall of any other endocrine
gland and consequently can react in a selective way It 1s likely that
the capillary part of each organ assumes gradually during its develop
ment the same type of as the other romp! ts of that organ
TonuTT: then pointed out that there 1s even selectivity within the
adrenal in this respect The capillanies of the medulla of normal animals
react agamnst diphtheria town even earlier than those of the cortex In
the hypophysectomized ammals the capillary reaction 1s restncted
sharply to the capillaries of the medulla WirLER then inquired con
cerning the direction of blood flow 1n the adrenal TONUTTT answered
that 1t flows from the capsule to the medulla He also emphasized that
1t 1y astomshing that the medullary capillaries which are continuatrons
of the capillaries of the cortex react after hypophysectomy whereas the
latter do not The two sets of capillaries must be different n their re
active capacihies

Wriss then asked about the vascular reaction of the comb of the
fowl to hormone treatment WILITER mndicated that st 1 a sumlar story
except that a mucoid type of connective tissue 1s mvolved Wetss then
ashed whether mn this case the primary reaction to the hormone treat
ment 15 m the capillary bed or m the mucoid tissue ToNUTTI stated
that 1t 15 1 the capillaries This means that the primary reaction 1s the
dilatation of the capillanes and the secondary reaction by a deposttion
of ground substance He also pomted out another fine example namely
the sexual shin of the baboon (Bachman Collip and Selye 1936) This
1s an end organ for estradiol When 1t 1s transplanted to another region
of the body the transplanted sexual skin also becomes red But flank
shin transplanted to the sex region of the baboon remains pale

PricE then inquired whether ACTH acts directly on the walls of the
capillanies or whether 1t simply stimulates production of corticoids
which affect the capillary wall The hemorrhage might well result from
the effects of the cortisone produced 1n response to ACTH TonuTTI
answered that this is not the case If ammals are prepared with cortisone
for 3 weeks causing suppression of ACTH secretion the adrenals fail
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effect on mitotic activity TonuTTr answered that when bleeding occurs
i the adrenal gland after treatment of the ammal with diphthena
toxin, mitosis stops 1mmedately There are no mitoses 1n any ammal
m which the adrenal 1s hemorrhagic unless there are only small spots
of hemorrhagic riecrosis If the destructive action of the town 1s absent
there are great numbers of mrtoses

TABLE 2*

EFFECTS OF THREE TYPES OF BACTERIAL TOXINS
ON THE ADRENAL CORTEX

Nov seecrrc - Steess Srecr 1c Nocuous cmon
ACTION ON ADRENALS oV AprrNaL TissTE
Doplt n | Mormpho
ofChls | k ¢ Hh’""’ Neoss
teolEstr | At age
I | Botulnus Normal
|
Hypophysec
tomized
I | Diphthena | Normal l { ’ ’
toxin
Hypophysec
‘tomized
11 | Col lxinpaly Normal i [ [ i | } [
sacchands |
or memngo —
coceal tonin | Hypophysec | ‘ ‘ ‘ r l ‘ ‘ ‘ |
tomzed i
B k= gt ruled = pos t F mT tu(t9s3)

\Erss then ashed whether there 1s any mformation about the pomt
of attack of ACTH m this case What does 1t sensitize? Does the
endothehum of the capillaries become fragile or what does happen?
TonutT answered that the ACTH acts on all components of the adrenal
cortexes capillary walls interstitial tissue and parenchymal cells He
constders the adrenal tissue to respond as a whole WEIss expanded his
question mto a discusston He mquired to what extent this 1s alnays
true of composite organs where there 1s always an epithehal component
a stroma and a vascular bed 1n addition to nerves Does the stroma or
the vascular bed react selectively? He recalled that the earhier discussion
of embry ological phenomena placed increased emphasis on the speaificity
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sectomy and that of course, the capillanies of this region degenerate

Werss summarized the discussion by stating that () some of the
hormonal effects are not directly visble but provide fluctuatng bach
grounds against which each indindual agent must be rated and (4) the
pomt of attack of these may be not only on the specific glandular tissue
or the most conspicuous part of the organ but on the capllary network
as nell

He then asked what 1s known about the stroma of an organ m any
response sttuation The stroma does change, but does 1t do so m an un
specific way? Is 1t sunply the result of the alterations of the speafic
epithehial tissues and/or vascular tissues or 15 the stroma itself differ
ently disposed 1n different parts of the body i 1ts response to hormonal
mfluences? SEcAL called attention to the effects of estrogen on the pros
tates Some mvestigators have reported that it 1s the mcrease mn the
stromal component of the rat prostate after estrogen treatment that ac
tually causes an merease in the weight of the gland The weight of the
gland decreases 1n pitwitaryless rats and then increases following ad
mmstration of estrogen Histologic exarmnation shows this increase to
be 1n the stroma and not m the glandular elements of the prostate
Burns suggested that the reaction of the stromal tissues 1s not hmited to
the prostate The connective tissues and sheaths of the entire reproduc
tive tract show this hind of hypertrophy 1n the presence of estrogen The
greatly swollen external gemtaha of the young opossums treated with
estrogen are due to the reaction of the stromal elements The sheath
around the sinus and around the erectile bodies 1s enormously hyper
trophted 1n the presence of estrogen The connective tissue of the uterine
wall reacts ;n the ame way and of course you get the same reaction 1n
the prostate because the prostate stroma 1s derived from the sheath of
the sinus SEGAL emphasized that in the same ammal i which a prolif
eration of the stroma of the urogemital system occurs there 1s no parallcl
proliferation of the subcutaneous stromal elements Werss inquired
whether the response of subcutaneous connective tissue mn endocrine
obesity 1s a case m point "This would be a localized response to hormonal
mbalance

GAILLARD reviewed experiments mnvolving organ culture Slices of the
uterus of 3 week old mice provided with 0005 I'U of estrone undergo
proliferation exclusively 1n the connective tissue of the endometrium
the addition of 0050 I'U of estrone leads to a proliferation of smooth
muscle cells If o called pure strains of peniosteal fibroblasts and of
heart fibroblasts are cultured and are treated with crystatline growth
hormone the heart fibroblasts react optrmally with mrtoss at a concen
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to react just as 1n the case of hypophysectomy Thus corttsone cannot
be the conditiomng factor for the lesion of the capillaries followng
treatment with the toxin

WrIss returned the discussion to the expeniments involving baboon
shin Where do the capillaries of the transplanted shin come from® If
they arise from the Jocal area where the graft 1s placed, they must bave
acquired their speaific response from the transplanted epithelial com
ponent But 1s 1t not equally possible that the capillary bed 1s brought
along with the transplant? GAILLARD mentioned that in the work of
Merwin and Algire (1956) the capillaries sprout out from both the
graft and the host \WEIss agreed and stated that he believes that a lat
of the incompatibility reactions between graft and host are due to the
ncompattbility of the two types of vessels in the vascular mo aic Some
of the terminal roots of the bloed vessels come from the graft MARTING-
VITCH 1 that in heterotranspl: (rat to cat) 1t 1s only the
vessels of capillary size that enter the transplant He never observed 2
vessel of the size of an artery or vein to penetrate the graft (Martino
sitch, 1956) In homotransplants of the rat adrenal gland a secondary
tnner capsule appears 1f the host 1s hypophysectomized 1f the hosts are
then treated with ACTH the <econdary capsule disappears as the cortex
begtns to regenerate apparently the tissue of the capsule 1s used up 10
building new vessels (Martinositch 1955) Werss then stated that, even
if the capillaries come from the transplant, they still have to acquire
their specificity earlier tn ontogeny as part of mosaic formation

MARTINOVITCH then mquired whether Dr Tonutts had ever seen the
collapse of blood vessels mn the adrenal following hypophysectomy
ToNvuTTI replied that the whole adrenal shrinks MARTINOVITCH men
tioned that hemorrhages are a fairly common occurrence 1n ocular
adrepal grafts They are usually followed by a reduction i the size of
the graft which may indicate the obliteration of some of the vessels
Werss ashed Martinovitch whether the point he was trying to mahe 15
that even stmple hypophysectomy can cause a partial collapse which
would then be accentuated by diphthena toxin However ToNUTII
agamn emphasized that there 15 no reaction in the hypophysectomized
ammal MarTINovITCH added that extravasation preceded by disten
tion often takes place in grafts following hypophysectomy of the host
The fact that the mnner capsule comes into sight after hypophy sectomy
and then disappears after ACTH 15 added to the hypophysectomlzed
host mdicates that some of the vessels undergo degeneration at the
ume of hypophysectomy just as they do 1n vitro ToNUTTI stated that
the whole 1nner layer of the adrenal undergoes v olution after hypophy
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sectomy and that of course, the capillaries of this region degenerate

Werss summanized the discussion by stating that (g) some of the
hormonal effects are not directly wisible but provide fluctuating back
grounds against which each individual agent must be rated and (b) the
pont of attack of these may be not only on the speaific glandular tissue
or the most conspicuous part of the organ but on the capillary network
as well

He then asked what 1s known about the stroma of an organ in any
Tespanse situation The stroma dees change but does 1t do so i an un
peaific way? Is 1t ssmply the result of the alterations of the speaific
emthehial tissues and/or vascular tissues or 15 the .troma itself differ
ently disposed m dsfferent parts of the body 1n 1ts response to hormonal
1nfluences? SecaL called attention to the effects of estrogen on the pros
tates Some ivestigators have reported that it 1s the increase i the
stromal component of the rat prostate after estrogen treatment that ac
tually causes an increase in the weight of the gland The weight of the
gland decreases 1n pitmtaryless rats and then mcreases following ad
mmstration of estrogen Histologic examnation shows this increase to
be 1n the stroma and not i the glandular elements of the prostate
Burns suggested that the reaction of the stromal tissues 15 not hmited to
the prostate The connective tissues and sheaths of the entire reproduc
tive tract show this kind of hypertrophy 1n the presence of estrogen The
greatly swollen external gemtalia of the young opossums treated with
estrogen are due to the reaction of the stromal elements The sheath
around the sinus and around the erectile bodies s enormously hyper
trophied 1n the presence of estrogen The connective tissue of the uterine
wall reacts in the same way and of course you get the same reaction
the prostate because the pro tate stroma 1s derived from the sheath of
the sinus SecaL emphasized that i the same ammal 1 which a prohf
eration of the stroma of the urogenital system occurs there 1s no parallel
proliferation of the subcutaneous stromal elements WEiss mquired
whether the response of subcutaneous connective tissue in endocrine
obesity 15 a case in pomnt This would be 4 localized response to hormonal
1mbalance

GAILLARD reviewed expermments mvolving organ culture Slices of the
uterus of 3 weeh old mice provided with 0005 IU of estrone undergo
proliferation exclustvely i the connective tissue of the endometrium
the addition of 0050 1 U of estrone leads to a proliferation of smooth
muscle cells If so called pure strains of pertosteal fibroblasts and of
heart fibroblasts are cultured and are treated wath crystalline growth
hormone the heart fibroblasts react optimally, with mitosis at a concen
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traton of one i ten thousand, whereas the perosteal fibroblasts react
optimally at 2 concentration of one, 1n three mullion If periosteal fibro-
blasts are denved from another and younger embrya stll another dosage
is needed to obtamn an optimal reaction nuth putosts These results sug
gest that fibrocy tic elements from different sources and from anmals at
different ages can have different <ensitivitics or can change therr senst
trvity toward growth hormone

VHILLIER rassed a question as to whether estrogen exerts a condition
ang eifect on the uterus preparatory to the action of some other hormone
stich as progesterone SEGAL answered that this has been worhed out
very carefully in the rabbit by McPhail (1934), who showed that pro-
gesterone has no proliferatns e effect on the endometrsum unless it 1> pre-
ceded by a priming dose of estrogen BurNs oited the mammary gland
as another example of this relationship The immature mammary gland
of the rabbit wili not respond to prolactin and secrete milk until 1t 35
first conditioned wath estrogen Another example can be ited from the
amphthians The gonads of Rana catesbiana a species which has a very
long larval Iife Jasting 1nto the second year undergo sexual differentia
tion into ovary and testis rather early and then remam 1 a relatively
mert condition for a long time, until metamorphosis or later Puchett
(1930) showed that during this quiescent perrod of deselopment 1t is
mmposstble to affect the gonads by admimistration of sex hormones unless
gonadotrophin 1s gnen at the same time 1f gonadotrophin 1s gnen the
gonads are sensitized to sex hormones, and transformation of sex 15 ob
tamned SCHNEIDERMAN gave still another example from msects The
yuvemle hormone has no action at alf unless the prothoracie gland hor
mone ecdysone 1s present The juventle hormone modulates the effects
of ecdysone on the cells of the ansect Tt apparently has no action of its
own

ToNuTTI agreed with Segal that the full action with progesterone 15
obtamed only when there 1s pretreatment with estradiol But Hooker
and Forbes (1947) found that there 1s a marked sweling of the nucler
of the uterme stroma without any preceding estrado} treatment SEcAL
then commented on the different situations encountered tn these two
casec In the McPhatl test where estradiol s required first for a primmng
purpose the condition of the entire uterus 1s evaluated, and the prohf
eration of the endometrium 1s examned histologically In this case es
tradiol 15 almost certamnly effective i causig a vascular prohiferation
prior to the progesterone effect 1t thus appears that for progesterone to
have an effect on the entire gland there must first be this preparation of
the yasculat bed and an icrease mn the vasculanty of the uterus To
aurTt poisted out that in the McPhail test the epithelium of the en
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dometrium becomes higher and larger under the influence of estradiol
SEGAL agreed that this 1s so to a imited extent Glandular proliferation
1s minimal with estradiol alone, if there 1s any at all With the Hooker
Forbes test where there 1s a direct action of progesterone alone, there
15 probably no real necessity for the vascular bed to be increased previ
ously Progesterone 1s admimstered locally, directly to the cells The
cells are exposed to the progesterone immediately without the necessity
for an mcreased vasculanty beforehand

WEeIss agamn summarizing indicated that each gland should be con
sidered as composed of a glandular constituent, a stromal constituent
and a vascular constituent In the past, little attention has been paid to
the specific reactive capacities of the blood vessels and connective tis
sue they were considered to be the same over the entire body It now
seems more likely that all three components of each gland are harmom
ously differentiated m the same way Thus all three components of an
organ would seem to be specalized The other possibility 15 of course
that the primary action of a hormone 1s exerted on any one component
which then secondanly affects the other ones Tius type of situation 1s
encountered 1n the gonads where the female component releases some
thing that mhibits the male component The decisive experiment would
be to break up an organ into 1its three components by pure culture and
then treat them ahike Will only one component respond or will all
three respond? The former should be the case if estrogen for example
exerts a primary effect on one component of the uterus But Weiss sus
pects that 1t will be posstble 1n such an experiment to demonstrate an
independent reaction of each component to the hormone He asked
whether tests of this sort had ever been made He strongly suspects that
the mosaic properties of the vascular tree and of the connective tissue
will prove to be just as striking as the mosaic properties of the epithehal
organs with which they are associated

GarLrarp stated that he had not done quite the experiment suggested
by Weiss but a related one If the ovanes of 3 week old muce are cul
tured the typical stroma changes during cultivation and the typical in
terstitial cells disappear If these cultures are then treated with gonado
trophims there 1s no reaction whatsoever But if the organ cultures are
grafted back to a httermate the typical interstitial elements reappear
Thus the stroma has retaned its ongmal speaficity which 1t did not
manifest under in vitro conditions it then manifests 1ts oniginal spect
ficity upon 1ts return to the body Except for these observations of Gail
lard no one seems to have made cbservations of the type suggested by
Weiss Both WILLER and WErss emphasized that this general problem
has been neglected by endocrinologists as a group
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IX
Ontogeny of Selected Hormone-dependent Receplors
Feather Paprllae and Pigment Cells

The topic was introduced by DR WiLLirR who recalled that many
excellent studies have been m1de on the feather papilla and its contamed
melanoblasts as endocrine receptors Male and female chickens of cer
tan breeds can be distinguished from one another by the marked sexual
dimorphism in the structure of their plumage If 2 genetic female 15
castrated the feather papila produces 1n certain regions of the body, 3
feather which 15 typically male in its structure Since this 1s not true of
all feather papllae there apparently ewsts a differential sensitity to
the female sex hormone w the population of feather papitiae Each hied
possesses approumately nine thousand such pamllae, and each one gives
its own distmctive and individual response to hormones Feather papiflae
of castrated males Iihewise construct a male type feather which dhfiers
from that of the normal male only mn that 1t continues to gron almost
mdefinitely If a feather 1s plucked 1n a castrated male 1t begins to re
generate within 6 davs If it 1s pluched from a normal male, 1t wili not
regenerate unti] the next molting period If the female hormone 15 added
to either a castrated male or a castrated female the feather papillae pro
duce female type feathers

Plumage mav show sexual dimorphism 1n pigmentation as well as in
structure One of the breeds in which melanoblasts are sensitive to sex
harmone 1s the Brown Leghorn In the male the breast feather 1s unt
formly black while in the female 1t 15 more or less salmon colored Com
plete castration of hoth male and female birds results :n plumage that 1s
male type 1 both structure and pigmentation The breast feathers are
then umformly black 1n both genetic males and genetic fernales n the
total absence of sex hormones Male hormones are unable to cause a
change 1n the pigmentation of such castrates Only an ovanan graft or
an mjection of estrogen can bring about a change 1n pigmentation from
black to salmon the female coloration Under the wmfluence of estrogen
the melanoblasts of the growing breast feather differentiate mnto red
melanaphores tather than into black ones Thus the melanoblasts of a
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regenerating breast feather of exther sex react to female, but not to male
hormone they are sensifive to estrogens but are insensitive to androgens
(Willier, 1950, 1953) The hormon3l milieu can clearly change the di
rection of different:ation of the melanoblast in the Brown Leghorn

Saddle feathers of castrates are long and acurunate Their coloration
1s red primanly, mdicating the action of pigment cells which produce
red pigment granules, although there 1s 2 small spot of black coloration
indicating as well the action of pigment cells contaiming black pigment
granules Addition of estrogen causes the formation i regenerating
feathers of a peculrar pattern which 1s 2 curious muxture of black and
red pigment granules the structure of the feather 1s also changed (see
Willier 1950 Fig 2) Thytowun also exerts an effect on plumage colora
tion m this breed 1n general it causes an extension of the amount of
black pigment deposited within the feather during 1its development

In a few mstances races have oniginated i which the males exhibit
hen feathening almost 1dentical with that of the females 1e, there 1s
little or no sexual dimorphism 1n plumage structure In the complete ab
sence of sex hormones m castrates of either sex the feather papillae
form cock feathers which are hke those of mormally coch feathered
breeds m shape and structure In other words the feather papillae of
these breeds are conditioned to respond to either sex hormone equally
well they are insensitive to differences between them Tke Silver Cam
pine 15 an example of such a hen feathered breed There 15 hittle or no
sexual dimorphism m feather structure or pigmentation The adult plum
age 1s barred black and white except for the hackle feathers, which are
moastly white In normal adult bird no red pigment 1s visible 1 the de
fimtive feathers yet a few red prgment cells may be present m regen
erating feathers After castration of the male the plumage assumes the
form of feathers charactenstic of cocks of coch feathered breeds and
red pigment appears 1n many regenerating feathers (Nickerson 1946)
Thus 1 the absence of male sex hormones the formation of red pigment
15 1o longer sup d The of either pro
Plonate or estradiol again suppresses the formation of red pigment and
n appropriate feathers the black and white barred pattern 1s restored
{see Wilkier 1950 Fig 3) The melanoblast responds to each kind of
sex hormone alihe Tt 1s therefore msensiive to differences between
estradiol and testosterone

Willier has summarized the evolution of the response of feather papil
lae and pigment cells to sex hormones (1950 Fig 1) The starting pont
for this scheme 15 the Jungle Fowl which exhibits sexual dimorphism 1
structure and color much hhe the Brown Leghorn In such breeds the
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female hormone acts as the “sex differentiator” for the plumage A mu
tation produced the breeds with hen feathering, 1n which the feather
papillae and prgment cells are sensitive to the presence of sex hormones
but are unable to distingutsh between male and female sex hormones
Other breeds have onginated which have pigment cells that are insensy
tve to sex hormones In such breeds the sex hormonal milieu can be
changed repeatedly and even 1n a drastic manner, and still pigmentation
15 not affected Still other breeds have evolved lethal type pigment cells
which are hormone insensitive Examples are the White Leghorns or
White Wy andottes, which possess pigment cells, but these cells die pre
maturely before they have an opportunity to deposit pigment 1n regen
erating feathers, consequently, the feathers remain white But, if pi3
ment cells from such breeds are cultivated mn vitro they form abundant
pigment WILLIER then presented his interpretative scheme of the nter
action of feather papilla, melanoblast and hormones encountered m the
production of color patterns (Willer, 1952, Fig 3)

The nature of the feather papilla was then examined 1 more detail
It 15 a complex morphologic umt which regularly regenerates a new
feather after each molt or pluching throughout the life span of the bird
Tt 15 composed of a specialized dermal papilla which dunng regenera
tion becomes encircled by a thickened ring or ¢ collar” of eprdermal
cells the collar 15 invaded by melanablasts All the structural elements
which make up the vane (rhachis and barbs) of the defimtive feather
onginate as discrete ndgelihe outgrowths or sprouts from the aptcal
margin of the epidermal collar Melanoblasts enter these sprouts from
the collar Each sprout constantly increases 1n length by the addition of
cells at 1ts base from the collar 1t also increases 1n length by elongation
of the cells within the sprout The number of melanoblasts fed into each
forming sprout 15 exactly controlled 1n some way as is thewr multipht
cation within the sprout There 1s a certamn population density of these
pigment cells that 1s precisely controlled

Intersecting the outgrowing barb ridges at a level just apical to the
epidermal collar 15 a narrow transverse zone which 1s quite free of vist
ble pigment cells However melanoblasts ate present in this zone as has
been shown by appropnate tests of isolates for therr capaaity to form
melanophores At the apical border of the pgment {ree zone the melane
blasts first begin the synthesis of visible melanin pigment granules and
soon assume the characteristics of typical branched melanophores It 1>
here that the direction of differentiation of hormone sensitive melano
blasts 1s first influenced by sex hormones For example when female sex
hormones are added to Brown Leghorn castrates the melanoblasts 1n
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ths regon no longer differentiate wmto black melanaphores but now dif
wto melanoph red prgment As long as female

sex hormone 1s present 1n adequate amounts, red pigment will be pro
duced and depostted at the base of an otherwise black feather If female
hormone 15 not added, black melanophores then appear n this zone of
dulferentiation Thus the perrod during which Jemale hormone was pres
ent during the development of a feather 1s recorded permanently as a
red band across the feather Thus 1t 1s posstble by injecting female hor
mone and then by discontimuing injections and then by njectng them
agam, etc 1o produce a feather wath alternate blach and red transverse
bands Such patterns were first produced by Dr Maty Jube She did not
2o to the laboratory on Sunday and her fmlbure to inject fernale sex hor
wone on that day was recorded permanently as a blach bar on a red
feather such bars could appropriately be called Sabbath bars

Other complex experiments have been performed on feather papillae
by Wang (1943 1948) He removed dermal papillae from feather fol
kcles 1 the saddle region and then transplanted them to feather follicles
i the breast region which were deprived of thew dermal papillae The
epidernus of the empty breast follicles covers the transplanted dermal
papilfae ongmating from saddle follicles and the composite feather
papillae then form feathers whose form is charactenstic of that of the
breast feather tract The transplanted dermal papilla from the saddle re
gion eserts an snductor Iike actton on the epidermus of the breast folli
cle but the response that is obtamed is the only one that the breast eps
dermis 15 capable of giving namely formation of a typical breast type
feather If female sex hormone 1s given to the castrated bird possesstog
such a composite feather papiila and treatment 15 then discontinued a
transverse red bar can be recorded on this feather jyust as if 1t were de
veloping from a normal breast feather papilia

‘Thus the feather papilia 1s a remarkable example of an endocrme end
organ which can be rather thoroughly analyzed with respect to its pow
ers of response to changes in the hormonal milieu And as stated before
there are about wne thousand different feather papiifae on one bird
each responding w a defferent way to changes 10 the hotmonal mben
Drfferent papiilae even within 2 swgle feather tract give different re
sponses Thus the response of endoctime receptors can vary with their
posttions on the body

Busns then raised two guestions He inquired first whether the le
thal actson encountered 10 pigment cells of Winte Legharns and White
Wyandottes which destrays them before they have an opportunity ta
deposit pigment 1s due to 3 mutation actmg within the pigment cell or
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whether 1t acts prmanly 1n the surrounding tissue, thereby hiling the
pigment cell andirectly Wirrier answered that there 1s no question
about this, 1t 1s acting within the pigment cell itself If White Leghorn
pigment cells are transplanted to a black breed they cause formation of
white feathers on that breed When they get into a feather papulla that
normally would contamn pigment, they still hehave just as they would in
a papitia of a White Leghorn They dre precociously They form some
prgment, and they also form pigment i vitro as has already been men
tioned But they suddenly pull 1n therr processes and die Occasionally
they even deposit a few pigment granules before they die hut only
rarely Their ife span in tissue culture 1s about 3 days contrasted with
the hife span of pigment cells of Barred Plymouth Rocks which survne
up to 10 days alter explantation Tis has been worked aut carefully by
Hammlton (1940) The gene for white in White Leghorns 15 a dommant
gene Other white breeds such as White Plymouth Rocks, have a reces
sive gene for white, therr pigment cells die even more precociously 1t
vitro than those of dominant white breeds Thus st appears that there 1
1o question that the lethal factor 1s operating withun the prgment cell
atself There 15 also another Line of evidence 1n favor of this conclusion
When pigment cells are transplanted from any colored breed to White
Leghorn hosts, these pigment cells survive in feather papiilae of the lat
ter and produce and deposit thetr prgment thus forming 1n host feathers
a color pattern typical of the donor

The second comment made by BURNS was more 1n the nature of
remark than a questjon He emphasized that the feather papillais a re
ceptor which sn a particular part of the body, produces a feather of 2
particular morphology and particular shape wiuch can be changed by
the actton of hormones And this paprlla contains pigment cells whech
produce a pigment the color of which changes with certain types of hor
mones In all these experiments the changes have presumably been m
duced by mjection of pure steroid hormones Have all these changes
been induced 1ty by 3t of gonad tssue and if
so0, do the results correspond exactly with those produced by pure sterod
hormones? He emphasized that this 1> an 1mportant question relative to
the problem as to how closely pure hormones represent or approvimate
the natural hormone Apparently the feather germ provides a system n
which this problem can be checked rather minutely to determine whether
pure hormones do produce exactly the same changes with re pect to the
form of the feather with respect ta the color of the pigment with re
spect to the band pattern etc as do grafts of the natural gland WILLIER
answered that female sex hormones do produce exactly the same effects
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turns black with approach of the breeding season but remamns wory
colored all year round Hence a castrate during the breeding season has
a brght colored nuptial plumage but the quiescent 1vory colored bill
This indicates that melamn deposition 1n the il 15 controlled by gon
adal hormones Injectton of androgen into a castrate male or female re
sults in blackerung of the bill Injection of androgen into a female or a
male out of breeding season (castrate or mtact) farls to bring on melanm
deposttion n regenerating feathers After several attempts to induce
nuptial pl develoy with and, and other sterord hor
mones had failed, 1t was observed that this result could be achieved by
the admmistration of pituitary extract It should be emphasized that
none of the non hvpophyseal h d all were tested 1d
gve the respon~e This aggregate of results mdicates that a hypophyseal
factor has a direct action 1n causing melanin deposition by the melano-
cytes of the breast feathers By the method of ehmnativn to find the
actree prnciple 1t was discovered to be the lutemzing hormene (LH)
of the antenor pitwtary It has since been found that human chonionic
gonadotropluin and pregnant mare serum, both contamtng the lutermz
ing prnciple also cause feather blackening 1n these birds This effect 1s
directly on the melanocy tes of feather tracts and 1s not mediated through
the gonads, since a positnve response 15 obtained in castrate birds

In a closely related bird the Paradise Wydah LH causes the depos
tion of melanm not only 1n the feathers but also in the bit Castration
of the Paradise Wydah causes no change whatsoever 1n the seasonal di
morphism Both feather and bill blackening continne to occur annually
in castrate males Injection of LH can wmduce the appearance of both
nuptial charactenistics—black bill and black breast feathers—n a fe
male or 1n a male during the quiescent season

Two ponts deserve particular emphasts First 1n the same bird the
Napoleon weaver finch the same cell type in different locations re
sponds to different hormones The melanocy tes of the bill are unaffected
by LH directly but are stimulated to deposit melanin by androgen The
melanacytes of the feathers are unaffected by androgens but are stimy
Jated to deposit melamn by LH dicectly Second betwneen the two types
of birds, the same marphologic structure—the bill-—has changed 1ts re
<ponstyeness from one hormone to another In the case of the Napoleon
weaver finch 1t responds to androgen, m the Paradise Wydah 1t re
sponds to LH

We1ss mquired whether adrenalin 1s effective SEGAL answered that
adrenalectomy of these birds has never been performed but that at
tempts have peen made to ehcit this coloration response with corticoids
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or with adrenocorticotrophic hormones, without success TONUTTI ex
pressed his surpnise that a tissue can react to LH without intervention
of the gonads He inquired about the kind of LH that was used SEGAL
answered that this 1s one of the few examples of the response of a pe
upheral tissue to a trophic hormone, peripheral, that 1s, outside the
gonads The LH that was used came from various sources TChe so called
punfied LH fraction was obtained from all the supphers in this country
like Armour L1 Califorma provided some, as did McShan at Wiscon
sin and others who have been attempting to purify LH as such

SCHNEIDERMAN pointed out that this 1s one of the most stnking ex
amples of the ability of an end organ ta capture hormones Certainly
these two end organs seem to capture different hormones and to have
changed the hormones that they were ongnally responstve to SEGAL
agreed that this does appear to represent an evalutionary shift from the
direct use of gonadotrophic hormone to perhaps a later stage of evolu
tionary history in which the intermediary action of the gonads comes
mto play

Weiss then inquired whether 1t 15 possible that some other organ 1s
providing the hormone 1n certain cases of so called hormone 1nsensitive
pigment cells which show no change m behavior 1n the absence of a par
hievlar gonad Perhaps two glands share the same funchion and, if so,
the removal of both glands would be necessary to demonstrate that the
pigment cells are actually hormone-sensitive Perhaps the action of thy
roun 1n extending pigmentation of the feathers 1s a tendency 1n that
direction MuHLBOCK tnquired whether Willier had done any exper
ments involving antagomsm between the male and female hormone He
mentioned that he had carried out such an experiment some years ago
{Muhlbock 1939) but that no antagomsm was mdicated In his experi
ments, testosterone did not counteract the effects of estrogenic hormone
He suggested that someone with Willier s experience might learn more
about the mechanisms involved with the use of such an approach



X
Synergistic Action of Hormones

Wesss stated that two agents ave said to be “synergistic’ whose ef
fects are additive along any particular linear scale ivolving for exam
ple, size of the nucleus or cell, thickness of an epithelurn, number of
cells etc If two agents produce subtractive effects along the linear scale
they would be everting infubutory or antagonistic actions It 15 not pos
sible to analyze the real operation of a synergistic system but only the
external critenia, which provide the only way of measuring the system,
and they are imited BurNs mentioned the possibility of confusmg what
has already been discussed as a condittaning effect of one hormone fol
lowed by the action of another with true synergism which mnplies tae
hormones acting together sumultaneously When two hormones are ad
mimstered sep 1y 1n tume, one 1y m advance of the other, 3
true condittoning effect mught be suspected but it 1s also possible that
when two hormones are gien .multaneously, one hormone 1s conds
tioing while the other 1s explorting what has been conditioned WEISS
agreed that the fact that two | are adi d 1
does not guarantee that the cell will be exposed to both of them at the
_ame time or n the same way It is true that all too often the bime of
admmstration ss confused with the time of acton about which literally
nothing 1s known There 15 always a lag period which varies depending
on permeabtltty and accessibihity, and this ought to be emphasized

WILLIER recalled agamm, as he had done eather m the introduction to
the conference that Smith (1933) was the first to emphasize that a
synergism occurs between thyroxin and a growth promoting factor trom
the anteror prturtary He showed that an anterior prtuntary extract, not
a punfied hormone has a growth promotmg effect on hypophj secto
rmuzed rats and that admmstration of thyronn simultaneously causes
an augmentation of growth beyond that produced by the pittary ex
teact alone Subsequently Evans and Sirupson and others have shown
wth purnified hormones that the so-called growth hormone has a pro
moting effect en growth which becomes even greater when thyroun 15
gven stmultaneously
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The work of one of his collaborators Dr de Voogd v/d Straaten (un
published) was then discussed by Garrrarp He has been studymng the
effect of estrogen and of progesterone either separately or in combina
tion on the process of fibrocytosis 1n human neutrophihc granulocytes
The particles to be phagocytosed are composed of shellac, Janus green,
and normal actylic alcohol and are attached to the fibrn fibers of the
clot on which the granulocytes are distributed at random The granulo
cytes move along the fibers and phagocytose the particles In the pres
ence of 0075 pg of estrone, about 70 per cent of the granulocytes de
nived {rom a male appear to have ingested one or more particles Proges
terone (005 pg) leads to roughly 65 per cent of the cells with pha
gocvtosed particles Addition of 0075 pg of estrone plus 005 ug of
progesterone to the same preparation leads to about 90 per cent of the
cells showing phagocy tic activity In control preparations without any
hormone added to the medium about 59 per cent of the granulocytes show
phagocytosts The high percentage of cells exhibiting phagocy tosis after
the simultaneous addition of the two hormones suggests a synergistic
effect WEIss pointed out that the effect of the two acting simultane
ously 1s actually more than the sum of the effects of the two hormones
separately Thus the two hormones mutually reinforce each other m
some way But, since they work n the same direction this certamnly1s a
case of synergism GAILLARD then emphasized that the above results are
obtamed only with exactly calibrated dosages No effect at all occurs
with the wrong doses

Reactions of leukocytes from females are different and are related to
the menstrual cycle Granulocytes taken from the pre ovulatory period
do not react after the addition of estrogen Phagocytosis increases sig
nficantly however, 1f 4 combination of progesterone and estrogen 15
gwen Granulocytes taken immediately after ovulation behave quite dif
ferently The addition of 0 1 pg of estrogen gives a significant rise in the
percentage of cells showing phagocytosis while the combimation of pro
gesterone and estrogen produces a decrease in the number of cells con
taming phagocy tosed particles From the twenty fourth day of the cycle
on this effect becomes less pronounced and by the time of the men
strual bleeding the effect charactenstic of the pre ovulatory penod re
appears It seems that the ohserved differences in behavior depend on
the amount of estrogen and/or progesterone present m the female blood

ScaNEDERMAN ashed whether the blood cells were washed and put
1n the serum GArLLAry said this was not done They used 005 ¢c of
capillary blood to which was added 002 cc of the reagent contaming

the gum acacia bonc acid and particles to be phagocytosed as well as
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the hormones to be tested The muxture 1s ntroduced into a capillsty
chamber and 15 centrifuged shightly during § minute before coagulation
occurs In this way a red and a white clot are obtained The cells in the
white clot are used for the absersations after an incubation period of 23
hours at 37° C Dr de Voogd 1 /d Straaten has studied seven complete
cycles,and with the exception of one case the effects were as described
above

Wriss pointed out that there appears to be an actual sex difference in
the leukocytes GAILLARD answered that the actvity of the Jeuhocytes
of the female 1s diiferent from that of the male when they are in female
serum But f the male leukocytes are given the same combination of
estrone and progesterone, they behave just as if they are female Viss
then ashed whether this means that there is no basic sex difference 1
the Jeuhocytes of males and females Is their behavior due entirely to
the serum containing them? GAILLARD stated that he did not believe
thus ta be true ScunNewErMAN then inquired what happens if the cells
are washed GAtLLARD answered that washing probably mduces consid
erable change in the surface of the cells although they have never actu
ally studied this Wezss pomted out that this 1s another strihing evam
ple of the effects of .ex hormanes on the properties of a cellular popula
tion that would not normally be suepected

Tonurtt then discussed an observation of Hisaw ef of {1954) which
15 pertinent to the topic Two estro,ens—namely, estradiol and its me-
tabolte estrone—both have a growth promoting action on the uterts
But 1f these two estrogens are given toether their effects are not addt
tive Estrone seems to have an mhibiting action on the effect of estra
diol This shows how complicated the mnteractton of two hormones can
be even when they have the same specific effect Wrrss asked whether
this 15 necessanly conclusive If a detector is used which bas a cething on
1ts production can you step up that production abote its celing? Obvs
ously, once a reacting tissue has reached 1ts maximum capacity 1t €an
not be driven any higher He wanted to be certain that this possibity
1s excluded ToNurTI answered that they use 2 very low dosage of estra
ol Tf a Ingher dosage 1s used 1t Is very easy to imncrease the weight of
the uterus five to ten times Thrs then avouds the possible enticism sug
gested by Weiss

SecarL mentioned that they (Wicks and Segal 1926} have just fin
1shed repeating this work 1 muce and that some additronal comments

are pertinent The ibib of the two gens can be
summarized as follows The utenne response o estradiol m immatuse
hibited ly by t mjection of estrsol

female muce 1S g
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The extent of inhibition s proportionate to the amount of estriol
added The impeding interaction occurs along the ascending segment of
the estradiol dose response curve and with higher doses as well In no
case does a combination of these estrogens have a positive additive
effect These conclusions are based on both wet and dry uterme weight
determmations Day by day analysis shows that uternine weight gamn
during each 24 hour period of estradiol treatment 15 inhibited when
estniol 15 gwven concurrently The total results negate the possibilities
that the estniol estradiol interaction 15 a mashed summation effect m
which time of mauimum effect has shifted or that an additive effect
occurs 1n which the two bined exceed the e
sponse dose Rather 1t appears that estriol competes actively at a phys
10logic site essential n the development of the usual estradiol shmula
tion of the uterus Weiss inquired whether this could be tested by
changing the timing of admmstration of the two with respect to each
other SEcaL stated that this is to be the mest step m the program
Weiss ashed whether these two molecules are closely related mn struc
ture Secar rephed that they are very simlar WEIss then suggested
that the results might be explainable by the population density of the
two types or that there might be an actual steric interference at the
same site just as 1n the case of structural analogs But he also pointed
out that the discussion 1s now centered around nadequate rephcas of
some natural agents and that their effect might not apply 1n the natural
situation

SecAL then commented on the way Szego and Roberts (1948) would
mterpret an experiment of this sort They believe that, before estradiol
can exert an effect on a target organ 1t must first be conjugated with a
proten probably at the liver site Estriol 1s the more polar of these two
compounds and by virtue of this character 1t would have a tendency
to enter 1nto a protemn complex more selectively Thus perhaps the site
for activation of the estrogen are bemg selectively occupled by the
estriol by wirtue of 1ts greater polanty

Moo then commented on the work of Bullough (1950) on mutosis
i vitro He took small pieces of ear epidermus and studied 1its rate of
mutosis n tissue culture The rate of mutosis 1s always rather umform
in epidermus taken from males provided that the tissue 1s taken at the
same time each day By contrast the rate of mitous differs considerably
n epidernus tahen from females depending on the time of the cycle
when the epidernus 1s taken If 1t 15 1solated at a time when a high
titer of estrogen 15 expected in the blood stream of the female the
1solated material continues to show the nfluence of estrogen for a num
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ber of hours Apparently, the epidermal matenal carnies along a supply
of the hormone which lasts for some time But if the epiderms ss kept
1n 1solation for several hours, the estrogen effect disappears The mitotic
rate then drops

Weiss then inquired whether there 1s any synergistic effect that
works on mitosis by way of the pancreas There are two agents which
can produce mitotic stimulation Jocally when grafted under starved
amphibian skin One 1s the central nervous system, which has a special
carboky drate requitement  the other is the pancreas They seem to have
nothing i commen except that carbohydrate metabolism 1s important
1o both He also inquired about the possibility of an iner anta onim
between insulin and glucagon, the products of beta and alpha cells,
respectively TONUTII stated that 1t 1s wwell hnown that steroid diabetes
can be induced in the gumea pig with high doses of cortrsone (Haus
berger and Ramsay, 1953, 1955) Fabbrim (19556 1936) studied m his
laboratory the infivence of cortisone on the nuclear size of the alpha
and bett cells m the guinea pig Only the beta cells show an mcreased
nuclear volume The aipha cells remam unchanged The ratio of alpha
to beta cells (normally about 20/80) remams unchanged Since the
1slets become very large there must be an ncrease m hoth beta and
alpha cells Mitosts of beta cells also oucurs When the amumals are
treated stmultaneously with cortisone and insuln the beta cells remain
tnchanged, therr nuclear volume and the number of mitoses do not
increase under these circumstances

TVEISS then ashed whether cortisone alone causes a mutotic response
of the shin He inquired about the response to cortisone m wound heal
ing ToNuTII stated that it 1s dimmushed 1n the rat but not m the
guinea pig WEss then inquired whether the reduction in wound heal
g 1s 1n terms of mitotic activity or of mugration of cells GAILLARD
answered that 1t is the mugration of cells which 15 affected ScHOTTL
recalled that Manner (1955) had recently demonstrated a decrease 10
mtotrc activity m the skun of the newt after application of cortisone

Attention was then called by WrLLIER to the studies of lus student
Komgsberg (1954) and others on the level of blood glucose i the
chick embryo The concentration of blood glucose 1s expressed as milk
grams per cent Presumably glucose is present m the blood from the
onset of arculation It enters the blood from the yolk sac, which ac
cording to Claude Bernard, functions as a hiver The blood sugar level
f1ses until the tenth day of incubation rematns relatively constant ustil
the fourteenth day and then increases conssderably by the sixteenth day
(<ee huomgsberg, 1954 Fig 1) What regulates these changmg levels
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of blood glucose? What causes these shifts in steady state wath time? By
10 days the thyroid follicles are b to late thyroglot
Even earber, adrenalin or noradrenaln 1s present in the embryonmc
adrenals Ascorbic acid and hipids are accumulating in the adrenal
cortex dunng this peniod and these products are indicators of the func
tional activity of the cortex The beta cells appear in the pancreas by
the twelith or thirteenth day All these endocrtine glands are producing
hormones which are involved in sugar metabolhsm in posthatching
stages at which times their actions are imterlocked 1n complex ways
Whether the hormones produced by these embryomc glands are actually
released 1nto the circulation 1s uncertain but m mammals capiflaries
become associated with the beta cells of the pancreas at about the time
that the secretion granules appear n these cells, providing the necessary
structural relationship for release of nsulin 1nto the blood The anteror
pitwtary gland s certamly mnvolved 1n some way, directly or indirectly
because there 1s 2 marked elevation in the blood sugar level following
hypophysectomy (Romgsberg 1954, Fig 1) Much remams to be
learned ahout the development of homeostasis or steady states in the
embryo, and the factors which control the blood sugar level are especial
ly mtnguing because of the shifts in steady state of this level with time

SCHNEIDERMAN ashed whether 1t 1s possible that the regulation of
the level of blood sugar 1s simply the consequence of changes 1n the
Lkinds of tissues that are present at different stages Perhaps there 1s no
real hormonal regulation at all 1n these early stages but sumply a seres
of changes in the distnibution of glucose between the new tissues Moog
stated that this 1s not very hikely because 1n the very period when the
leveling off of blood sugar occurs there 15 a loss of glycogen from the
Inver It would seem that the blood sugar level should increase under
those circumstances WILLIER ashed Moog 1if she has confirmed the
plateau period 1n any of her work She repled that she has not done
any blood sugar work but that she has worked with liver glycogen and
does find a defimte drop in the latter at the time that the level of the
blood sugar remams constant BURNs mentwoned that Jost (1953) re
ported a g drop 1n hiver glycogen in the rabbit fetus after the pitwitary
1s removed by decapitation Seven to 8 days after decapitation the
hwer glycagen drapped to about 15 per cent of its origmal value

WEISS stated that he felt these remarks to be particularly significant
when the work of Landauer and Zwlling 15 recalled (Landauer 1945,
1947¢ b Landauer and Bliss 1946 Landauer and Lang 1946 lwnll
mg 1948) They d the of n ap
Ppropriate steady state because the slightest deviation from this state has

97



Endocrines 1n Development

very serious morph effects on & P If 1nsuln 15 imjected
around 4 days, hypoglycemua results, and the embryos that develop are
rumpless, sirenords, or exlubit various other hinds of malformations of
the sheletal system Apparently the level of blood glucose at each stage
of normal development 1s harmonized with the requirements of that
particular stage \When the level falls below the requizements, devel
opmental abnormalities are the consequence Weiss mquired what hap-
pens if msuhn 15 injected as late as 12 days of incubation He wondered
whether 1t bas an effect after the homeostatic mechanism s established
The question remained unanswered Weiss also inquired whether there
15 an effect of the msulm on the pancreas when 1t 1 injected later Does
1t cause a compensatory retrenchment of pancreatic diiferentiation?
Agan there was no mlormation

WILLIER pursued the matter of the complewty of the endocrine con
trol of sugar metabolism even further, pownting out that 1t 1s necessary
when development of these systems 1s studted, to keep i mnd what s
known about the adult The adrenals produce adrenalin which exerts
hyperglycemic effect It can act directly on the Lver It can abo act
through the hypothalamus then through the postertor pitwtarv via
neurosectetory nerves then through the portal errculation between the
postertor pituttary and anterior pitwstary and the antenor pihwtary
can send a message to the alpha cells Embryologists must explain how
these things become established during the formation of the embryo and
determine the time at which they come into play When are the e mech
amsms established? Are they blished 1n a certain seq ? Mooc
mquired whether the thyroid should not be mnvoked also, 1 view of the
work of Konigsberg (1954) WiLLIER agreed that the thyroid certamly
plays a role Moreaver, there is evidence that the so-called punfied
growth hormone has a hyperglycenuc effect the idea being that 1t acts
on the alpha cells This has been worked out by Young (1953} wn
England

TowurTI mentroned that in his laboratory the influence of the so
called gtowth hormone on the ratie of alpha to beta cells i young rats
was studied by Thiermer (1953) and that fhis ratio remamed un
changed The rats respond well with accelerated growth folloning ad
mimistration of growth hormone preparations but there 15 no detectable
influence on the alpha cells This study does mot substantiate Young s
clams. At least in the morphologic sense no action of the growth
hormone on alpha cells 1s demonstrated This was an Armour growth
hormone that was used WiLiier then ashed whether Tonutti would
agree that the growth hormone has a hyperglycemic effect ToNUTTI
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agreed that it has a diabetogenic action but he emphasized that this
does not necessanily mean that the diahetogemc action s exerted through
the alpha cells

MurLeock then turned the discussion to some of thew work at the
Amsterdam Cancer Institute where the center of interest 15 the relation
ship betneen hormones and the geness of cancer, especially m mice
The mam ohject of study as the genesis of mammary cancer conse
quently interest centess mostly on the function of the hypophysis and
ovaries It 1s well hnown that the hormonal function of the osarses can
be followed teadily by tahing vagnal smears The ovarian function m
vanous strams of smce has been followed throughout hfe by means of
vagmal smear studies and a cunous phenomenon was cbserved The
normal estrous cycle lasts for 4~6 days and cycles normally follow one
another quite regutarly Frequently however this regular periodiaaty
15 interrupted by prolonged § day diestrous tervals Van der Lee and
Boot (1955 1956} wveshgated the meaning of these ciestrous pertods
They demonstrated that these periods represent spontaneous pseudo
pregnancres This means that all hormonal changes occur as o a normal
pregnancy except that there are no fertihzed ova and hence the placenta
1s absent This penod of pseuda pregrancy lasts only half the time of
normat preguancy thats 10-12 days YWhen fertthzed ova are trans
ferred from another ammal into the uterus of a pseudo-pregnant mouse
the ova undergo mplantation and the pseudo pregnancy 15 converted
mio a true pregnancy s which the young are born at term (Boot and
Muhlbock 1953)

Such spomtaneous pseude pregnancies are observed regularly only
when at least two female muce are hept together an a cage Female mice
hept 1n 1solation show the phenomenon much less frequently When a
number of mice that had been Lept separately for a period of tme are
subsequently put together four to a cage nearly all the mice become
pseudo pregnant at once It1s of course hnown that pseudo pregrancy
can be mduced by mating with a stenhized male mouse Consequently
st was suspected that perhaps these spontaneous pseudo pregnancies
were mduced by close bodily contact among the females But it was
then found that if the mce are Lept four to a cage but separated from
each other by a partition of wire mesh spontaneous pseudo pregnancies
continye to ovcur ‘The role of sight and smell 1a this phenomenon was
then tested Ablation of the olfactory lobes in the CyyB1 stramn 15 fol
Jowed by nearly total pp of sp psendo
the sequence of the cycles then hecomes quite regular -(Fné 10} Thus
an oMfactory stumulus appears to be responsible for the mduction of
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these pseudo pregnancies This means that an olfactory stunalus can
Yead to the release of prolactin from the antertor lobe of the prtutary
Weiss ashed whether the results are any dufferent tf females are ex
posed to males rather than to other females MunLBoCK replied that
this experiment has not been done

Wirrier remarhed that such evpenments remmded hum of the results
obtained by Olsen and Marsden (1954), of the Agncultural Expenment
Station at Beltswille, Maryland Turkeys occasionally lay parthenoge
netic eggs They observed that a greater percentage of parthenogenetic
eggs 15 obtamed from these females that can see a gobbler 1n the
distance

VAGINAL SMEARS OF NORMAL Csr BLACK MICE
oesre s Aoestavs
proces asf \werosis
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LATION OF THE OLFACTORY BULBS

AB
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o oes s o1 ofs s
aa o £ 200 Bde w

Fi 10 —Lilect of ablation of the olfactory bulbs upon the occurrence of spontane
ous poeudo pregnancies (Muhlbock onigmat ¥

Werss then discussed some evperiments carrted out with Dr Jane
Overton (Wetss and Overton 1954 Overton 1935) If amphibran
urodele larvae are starved, the mitotic actiuity 1 the sken 1s reduced
from sixty dnrdmg cells per thousand cells examuned to practically zero
The drop 1n mutosts 1s rather sudden If a gratt of nerve tissue 1s placed
under the shin mitotic actisity flaves up locally m the staried antmal
and then fades out agam If the ammal 15 first starved and then 1s well
fed nutotic activity goes up and comes down to about S0 per cent of its
masimum even when feeding continues This response accurs over the
entire skin, so there is enormous mutotic actinty at this time WEiss
suspected that part of this sumu{auon nught be the result of the pres
ence of food, the rest due to actial consumption of food Observations
by Overton (unpublished) seem to mdicate that this mught be the case
1f the ammals are Lept completely starved and are then shown food
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but are not pernutted to eat s, they show a mitotic wave 1n the skin
Werss suggested that this works from the visual centers through the
hypothalamus to the mtmtary and from there perhaps through the
pancreas Apparently there are quite 2 number of sundar situations in
which the nervous system acts through the hormonal system to affect
growth hotiros inguired whether the sense of smell might be wyolved
rather than vision Wress answered that he did not know the expen
ments tn detast
A remarh by Professor Pumphrey (1955) nas then read by Wittrer
Purmphrey 15 2 neurologist but he was mvited to male the mtroductory
remarks at the conference on comparatie endocrinology of vertebrates
held at the Unnersity of Laverpool 1o 1954 ‘It was almost exactly
twenty years ago that C N Long then in Phiadelphia, cowned the
epigram  ‘the pitmtary 15 the conductor of the glandufar orchestra
Ths ebservation 15 stdl quoted and still seems apt but st has I think
acuired & new fook Today if T have the picture correctly the prtuitary
cotdicts by pernussios and each member of the orchestra has a clause
10 s contract entithng tum to switch the conductor off when he has
had enongh The concept of feedback which has overran neurology 15
vhviously casting its long shadow over endocrmology  WILLIER then
added paraphrasing Pumphrey to some extent that it seems surprisng
that questions of feedback were not raised twenty years ago The fact
that these guestions are bemg asked today 15 3 measure of the change
n emphasuis which has taken place m twenty years This feedback
1s a most & dinary one and has been neglected The
pitutary lates an endf receptor  the end: receptor pro
duces hormones which are poured 1to the arculation When a certain
quantitative level 15 reached they somehow or other tell the mtwitary
to stop
Werss then commented that feedback mechanisms also act between ho
mologous organs and that thus preblem has been analyzed mathematically
(Weiss and Kavanau 1957) Briefly each organ or each cell type produces
mubitors of 1its own growth and the total concentration of these m the
arculation comes snto equiibnum with the productive or generative
mass to praduce a steady state Any interference with the products in
arculation will y shift the equibit away from the in
tracetlular of inhit in the direction of the podl so
that part of the cellular content will be ' dmnbnted  so to speak
automatically This works for hver cells and kidney cells and for sev
eral speofic glandular types Dr Ter (Tew ef ol 1957) 15 working
this out for the supraorbital glands 1t also works for the different types
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of blood cells during blood regeneration It is quite possible that a
simtlar mechamsm operates between any pasr of endocrmne organs so
that what one releases acts as an mbubitor of the other Instead of the
cell refeanng automhsbitors 1t acts on the pared or matched organ
the product of which will serve as an nhubstor for that particular organ
Thus the ptintary  for example would inhsbit steelf through the thy roid
nstead of through sts own agency Pethaps the hormonal mechamisms
of mhib can be hized as the evolution of special of the
more general feedback system

Kortzos then called attention o an experiment of Blount {1935)
1 which a sal der larva 1s made b: y by grafting to st
two evtra pituitanes at the rudment stage Growth and metamorphosnis
are then studied Metamorphoss does not occur early but takes place
at the same time 10 normal controls and n the triple prturtary ammals
“Thus some regulation eccurs o control the production of TSH at normal
levels but apparently the production of growth hormone 15 not con
tralled since the body proportions of operated ammals ate substantially
changed although the over all size of the trple putary ammals 15
substantially Jess than that of controls

AuHieoch stated that he has done evperiments in which extra

are lanted Iy omuce (Muklbock and

Boot 1956) By evamunation of the estrous cycle 1n the operated atumals
it can be demonstrated that frequent pseudo pregnancies occur (Fig
) 1 io\lmvs that {he hypophysis when kransplan!ed subcutaneously
produces p dently of the hyp
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Integration of the Endocrine System

Emphasis was placed by DR Wetss an the development of the endo
crne system How does harmony develop between the endocrines and
their receptor organs? And by “receptor organs” 15 also meant other en
docrines which are at one time an emitter and at another time a receptor
Actually, 1t 1s doubtful whether there 1s any functional cell 1n the body
which does not produce some effects on other cells via the circulation
The only difference between the endocrine system proper and the pro
duction of other types of cell specific secretions that may alfect other
types of cells may be the fact that the endocrine system works with pre
destined types of recenvets Thus in the endocrine system there ate pais
of matched organs an emitter with an attuned receptor Non endocrine
systems may work mn a more general way But on the molecular level it
may be that something produced by the skin may have a very specific
molecular receptor elsenhere Even within the endocrine system the
statement that matching pairs of organs are mvolved 1s an oversimplt
fication which bas only been ntroduced nto the Iiterature because some
of the paired are the most ones Practically every
one of the endocrine glands has some less conspicuous effects which are
of a more universal nature affecting metabolic processes all over the
body There is a vast humoral communication system m which each tis
sue can communicate with all the other tisues by mechamsms with dif
ferent degrees of chemucal spectficity  Chemucal specificity means that
there 1s a coded message that operates by virtue of somethng Iike the
steric conformuty of a molecule lke the way a coded message works
when punched on an IBM card That code has all degrees of detarl or
specificity, but 5t 15 a very umversal language whch affects all cells to a
certain extent as in the case of those that aftect metabolism in general
or calaium metabolism or sugar metabohism More organs i the future
may have to be cluded as part of the endocnine system

Toxurrr then discussed the whole interacting endounine system as a
unit rather than the mdividual pieces of the system He pointed out how
difficult a task 1t 15 to outhne 11 a manner the !

104



Integration of the Endocrine System

among the different endocnine glands It 1s possible to give a picture of
the basic actions and interactions of hormones only 1n an oversimplified
manner {(Fig 12)

1t 1s well established today that the hypothalamus exerts control over
many functions of the hypophysis such as production and release of
ACTH, TSH FSH, and LH (see Harns 1955 Fields, Guillenun, and
Carton, 1956) As was pownted out by Dr Muhlbock eatlier the pro
duction of luteotrophin (LTH) 1s independent of hypothalamic control,
since this hormone 1s also produced by pituttary grafts placed under the
slin 1 heterotopic positions STH or the so called growth hormone
seems to have some indirect control over the islands of Langerhans and
the parathyroids but there are some intermediate mechamsms which
are not understood at the present time The indirect influence of STH
on the 1slands of Langerhans 1s mediated by the blood glucose {4) and
the mfluence on the parathyroids by the level of blood phosphorus (B)
(see Tornblom 1949, Engfeldt 1950) Thyrotrophic hormone (TSH)
nfluences the structure of the thyroid and stimulates production and re
lease of thyrown and truodothyronine (C) Both products of the thyroid
diminish the production and relesse of thyrotrophin from the anterior
pituitary by a feedback mechamsm (D) Both hormones can also d
mimsh the growth promoting action of a grven amount of TSH on thy
roid cells (E) This interference of thyroid hormones wth the action of
thyrotrophin on thyroid cells can be demonstrated in the hypopysecto
mized rat The growth promoting effect of a given amount of TSH (as
revealed by measurement of the height of thyroid cells) 1s dumnished 1f
the animals are treated simultaneously with thyroxin (Rawson and
Money 1949) or with truodothyronme (Fabbrim 1955a)

ACTH mfluences the structure of the adrenal cortex and stimulates
the production and release of cortical hormones (F) Only glucocortt
coids have 2 p fl on the prod and release of
ACTH from the pitwitary (G) FSH acts on testis tubules and stimu
lates spermatogenesis (H) LH (or ICSH) promotes the differentiation
of the Leydig cells of the testis (7) or ovaries (J) and stimulates these
cells to produce and and gens Both androgens (A) and es
trogens (L) are able to mhibit the gonadotrophic activity of the ante
nor pitwitary  The structure and function of testis tubules are also under
the influence of androgens produced by the Leydig cells under the con
trol of TCSH (1) Tt 1s well hnown that tubular damage without dis
turbance of d duction may the produc
tion and release of gonadotrophins McCullagh et a7 (1950) beheve
therefore that the tubules produce a second testicular hormone called
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Integration of the Endocrine System

hubine ” which counteracts especially the FSH activity of the pitw
tary (M) The eustence of this hormone 1s doubted by other authors
who suspect that 1t 1s simply estrogen produced by the tubules or by the
Leydig cells

FSH 15 responsible for the growth of secondary follicles and the for
mation of mature follicles (O) But even in the complete absence of the
mtutary secondary follicles of small size are still growing The produc
tion of small follicles 1s therefore an autonomous process, and onlv the
formation of medium sized and mature fallicles 15 dependent upon the
presence of FSH Theca mterna tissue 1s produced stmultanecusly with
the growth of follicles but there 1s no production of estrogen unless
stimulated by LH (/) In the absence of this hormone as a consequence
of hypophy sectomy the cells of the theca mterna and all cells which are
derived from the theca interna (interstitial cells of the ovary or * theca
organs ) undergo atrophy On the other hand, adminstration of LH to
hypophysectomized antmals leads to pronounced hypertrophy of the
theca cells and cells, and the g activity of the ovary
reappears

Weiss inquired how much of the mncrease 1n diameter of the follicle 15
true growth He pointed out that in the case of the eye much of the in
crease 1n diameter 1s due to the production of vitreous humor To what
extent does LH stimulate true growth 1€ 1ncrease in number and size
of cells and to what estent does 1t merely stmulate production of fol
licular Awd? Quite different mechamsms are mvolved 1n the two 1n
stances and 1t 15 essential that each effect be analyzed separately
Burvs then referred to some experiments on growth of ovanan follicles
m the axolot] after hypophysectomy (Burns and Buyse 1932) The am
mals were hypopby sectomized as embryos The ovarnes developed quite
well and the egg cells entered the ovocy te stages and grew until they
obtained a diameter of approuimately 400 p At that stage the volk
granules are first laid down 1n the egg Exactly at that stage all growth
of egg cells ceases in hvpophysectomuzed anmals Similarly 1f adults
are hypophysectomized when the ovary 1s full of mature eggs all foll:
cles mature eggs d All follicles 2 yolk even
m the smallest quantities degenerate But those follicles which have not
yet entered the stage of yoll formation persist 1 an apparently un
changed condition In other words the adult ovary after hypophysec
tomy reverts exactly to the stage of differentiation which the embryome
orary 1s able to attan without the hypophysis Somethmng associated

15

with the p of yolk mvolved 1n the
arrest that occurs
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Tonv1rr stated that the growth of follicles has been analyzed m his
labaratory by Dr Fetzer In hypophysectomized rats, secondary follicles
remaimn with 2 diameter of 150 p The nuclear size of the granulosa cells
of these follicles 15 the same as in follicles of the same size sn normal
animals When the follicles grow in the pormal animal the nuclear size
fust dimumishes After maturation of the follicle, the nuclear size of the
granulosa cells increaces and reaches 1ts maximum at the hime the gran
ulosa cell 15 transformed 1nto a lutewn cell after rupture of the foflcle

Alter thrs dusersion, Tonuttt returned to the discussion of the inter
actions shown diagrammatically 1n Figure 12 After rupture of the ma
ture follicle the granulosa cells are transformed nto the granulosa futem
cells under the wnfluence of LH (P) But the cells of the corpus Jutewm
do not secrete progesterone unty! they are stumulated by the third gon
adatrophin namely LTH (Q) Progesterone then acts back on the pro-
duction of LTH (R) and LH (S) by the pituttary,

Gonadotrophins are not secreted in appreciable amounts before pu
berty There remains the question concerning the factors which mduce
the pituntary to begin secretton of gonadotraphuns at the ime of puberty
Recall the case of the Leydig cell tumor in the five and a half year old
boy discussed earher Under the influence of the androgeme activity of
the Leydig cell tumor this boy reached a hone age of approvimately
twelve years In this patient there was a detectable excretion of gonade
trophins in the unine and true Leydig cells were present in both testes
Thus the precocious pseudo-puberty induced by androgens was already
transformung tnto a true but mcomplete precocious puberty 1t appears
that the pstuitary begns to produce gonadotrophins aytomatically when
the bodv has reached a certain degree of somatic maturation and not at
2 certatn chronological age

Just the opposite rtuation seems to be demonstrated by another pa
tient sicteen years of age (121 cm) who lacked sexual development
Thss boy with secondary hypogonadism and dwarfism was treated for 3
years with chorionic gonadotrophin (LH actinity) Within 3 years com
plete sexual maturation occurred and the patient mncreased 20 cm an
height and showed somatic maturation When treatment was stopped
after 3 years he continued to grow and gonadotrophins were excreted
intq the unne The fallowin,, mnterpretation seems indicated The andro-
gens praduced by the Levdig cells under the influence of chortone gon
adotrophin mduced somatic maturation After a certamn degree of matu
ration nas reached corresponding to the degree of maturation at the
¢ e of onset of puberty w a normal individual the hypophysis began
to secrete gonadotrophm
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These two contrasting cases demonstrate that there exists some prin
cple of harmony between somatic body maturation and the gonado
trophic activity of the pitwitary In the former case the tumor wath 1ts
androgen production brought the boy to a bone age of twelve years, the
whole body underwent maturation, and thus STH and all the other fac
tors were produced by the hypophysis In the second example the six
teen year old boy was brought to 2 bone age of fourteen to fifteen years
by treatment with chottomec gonadotrophin When this bone age was
reached, the boy s own hypophysis began to produce FSH and also STEH
and 1ts other secretions The same effect would probably have been pro
duced, had testosterone been given The treatment seems only to induce
the of the body, suk ly and as a of this,
the pituitary begins normal and physiologic production of hormones
Androgens are anabolic hormones (growth promoting factors) andso are
STH and gonadotrophic hormones

WEIss pointed out that the hormones produced by the gonads nor
mally check the production of gonadotrophic hormones by the pitwitary
Yet 1n the present situation, gonad hormones appear to stimulate pitu
tary actiity TONUTTT answered that the action of the hormones pro
duced by the gonads depends upon the concentration used Androgens
decrease LH production only when they are present in very high con
centrations WEIss also pomnted out that m the second example there 15
a priming of a self perpetuating chan reaction whereas in the former
case a course of events 1s started which leads to stabilization at a lower
level The mechanisms mvolved seem obscure but the examples clearly
demonstrate some degree of interaction between the two parts of the
system namely degree of maturation of the body and onset of produc
tion of hormones by the piturtary gland These are certainly not sep
arate compartments of the body which develop independently of one
another

TonuT1r then gave an additional example He stated that patients
with secondary ly have a hat lowered basal
metabolism 1e a dimmished function of the thyroid If they are treated
with gonadotrophims or with andraogens this defect m metabolism 1s cor
rected without mtroducing thyroid hormone Weiss mquired whether
corticord androgens exert an effect on pituitary activity Mooc agreed
that there certamly ewsts the possibihty of abnormal androgen produc
tion by the adrenal cortex and stated that the fetal cortex normally pro
duces androgens BUkns pointed out that while the suggestion by Weiss
would be true in the case of the adrenogemtal syndrome there 1s no
evidence that such a relationship exists 1n the normal individual Moos
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insisted that 1t certamnly exists in the fetus Price inquired whether tes
ticular androgen stimulates the gernunal epithelium of the sermimferous
tubules Mooc stated that there 1s no good evidence of this 1n normal
mdinaduals

W e1ss then inquired whether there should be indicated on the dia
gram a durect interrelation between parathyroids and estrogen, at least
in the case of birds, in which estrogen 1s involved 1n calcium metabolism
1n certam types of bone ‘TovuTT! stated that he did not believe this re
lationship between parathyroids and ovaries to be a direct one Gar
LaRD stated that, as far as he knew, 1t 1s not certan that estrogen inter
feres with the production of hormone by the parathyrords Rather 1t
seems to interfere with the reaction of the end organ It interferes n
some way with the metabolism of the end organ, which prevents its
proper response to the parathyroid hormone The end organ in this case
would be the fibroblastic series of cell types connected with the bone
matnx osteoblasts, osteoclasts and phol Ny non d d
fibroblastic cells Perhaps 1t would include the organic mucoproteins of
the matrix as well Gaillard also suggested that the interrel: hips be
tween total calcum  total protemn, and caleium tons as demonstrated by
McLean and Hastings (1935) should be kept 1n mind 1n any consdera
tion of the regulation of the activities of the parathyroids

MARTINOVITCH inquired whether the production of STH and LH 1s
really absolutely independent of control by the hypothalamus WErss
answered that 1f removal or addition of STH or LH changes other glands
which are under hypothalamic control, then these hormones form part
of the total system WILLIER mentioned that there 1s some evidence to
indicate that adrenalin acts on the anterior pitmtary whether 1t acts
through the hypothalamus 1s not quite certain He stated that he did not
think Tonutti meant to imply that all actions on the diagram are dt
rectly through the hypothalamus or that the hypothalamus must act
through the neural lobe 1n order to get to the antenior pitustary He re
called the expeniments of Coutrier (1951) who showed by labeling the
r0dine atom of thyrovin that this hormone when admimistered 1s con
centrated selectively within the neural lobe and not within the anteror
pitwtary Thyroun thus seems to act back on the pituitary via the
neural lobe WE1ss ashed whether the postenor pitwitary 1s merely a
storage organ or whether 1t 15 a conversion point where certamn things
happen Orisata combtnation of the two? Toxurtr answered that he
thought It acts 1 2 way sumlar to the thyroid which sphts the bormone
away from thyroglobulin  WiLiiER added that what happens m the
1lobe as far as the mechantsm s concerned 1s unknown TovuTT

neural
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stressed the fact that the capacity to form hormones s a specific quality
of the prtwitary 1itself [he hypothalamus only modulates the rate of
production of hormones by the antenior pitustary

TWEIsS then stressed the lach of discrimination 1n general between the
effects of hormones on growth, on differentiation, on production of se
cretion and on discharge of secretion In each case the action of hormones
should be described 1n at least these four parimeters A fifth effect as
GAILLARD pomnted out would be on the transformation of secretion drop
lets before transfer,1e on conversion The secreted droplet 1s not nec
essanly the same as the one which 15 discharged The cell of a gland Iike
the thyroid first secretes thyvroglobulin Then an enzyme acts on the
thyroglobuhin, which leads to the formation of a preduct which can es
cape from the gland and mfiuence the orgamism IVESs ponted out that
it can then influence the very cell from which 1t came (see Fig 1)

Pricr inquired whether the about prod of
should be refined to include qt e, as well as e factors
FSH causes the formation of an antrum and the production of folhcular
fluid but estrogen 1s not produced unless LH 1s present Thus the pro
duction of 15 not only g 1t 1s also qual in this
ca.e Wriss agreed but pointed out that the type of secretion produced
15 determined by differentiation of the cell or by modulation Perhaps
the cell can assume two different de: forms thus p
two different products He insisted that the effects of hormones should
be pecified 1n terms of all five parameters before deciding which one 15
the source of the feedback mechamsm Does the secretion produced by a
cell act on that cell causing 1t to grow? Is there such a feedback mecha
msm nght mude the cell between the product of the cell and further
growth of that cell¢ Or 1s 1t only after the product has escaped from the
cell that 1t acts back on the source? Does 1t control production durectly
and perhaps through production the further growth of the cell? These
and other questions were referred back to an earhier discussion invaoly
g Figure 1 ToNuTtr suggested that there 1s considerable vamation
from one type of cell to another For instance 1f estrogen 1s given m
low doses for 2 long time the result 15 diminished output of LH by the
pitwtary On the other hand 1f a large dose of estrogen 18 given for a
short ume there 1s a heavy discharge of stored LH from the pitwitary
of the rat This 15 the so-called Hohlweg effect (Hohlweg 1934)

Weiss summarnized the discussion by stating that any outhne such as
that gnven in Figure 12 simply provides a bluepnint for the future Each
part of such an outhne has to be exammed 1 1ts own nght Any all
nclusive formula will probably not be found
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‘The attention of the conference was next directed to an analysis of
the way m which hoemones act preferably on the molecular lesel How
do they act on structures, on enzyme systems, on metabolc processes,
etc ? It1s to be § that an und ding of the mechamsm of
action of one hormone wiil not necessarily provide a key to understand
ing the action of any or all the others W g1ss recalled the flush of ex
citement a few years ago when 1t was thought that the mechanism of
action of insulin was known It was thought then that all othec wark on
hormone action could be dropped because ke mode of hormone action
had been discovered Nobody 1s so naive any Jonger In the case of in
sulin the sterords and thyrovn there is at least some information con
cerning the actron of the hormone on the cell and its special equipment

hoLLx0S called attention to the work. of one of his students Stephane
Barch (1953) He recalled that Etkin (1934) working on the metabo
hsm of metamorphosing tadpoles stated that there was no change in
ovygen uptake on a dry weight basis But Walls (1936) working in
Witsehi s laboratory found durng the pre metamorphie and meta
morphic period an indication of ovygen uptake increase at this tme
Mrs Barch worked on shin over the stages when the shin and other tis
sues of the tadpole are obviously bein,, stimulated by thyro:d hormone
but at 2 time when the skin has not yet responded structurally by obvi
ous physical changes During this mterval she found an increase sn 65y
gen uptake of 1solated skin on a dry weight basis She also obtamed ths
response mn tadpoles whose skins were stimulated by local mmplants con
tarmng thyroxin Wesss pomnted out that thns is another example of the
fact that by the time changes can be seen with the microscope the
teresting events are long since over He wanted to know how thyroun
produces this change n metaholism How does the hormone relaxin act
on mucopoly sacchartdes? How do hormones act on enzyme systems? On
ritochondrial populations? What 1s known about the actuat pomt of
attach of any of these hormones on the molecular lev el?

#fooG stated that there 15 no real evidence of any direct action of
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hormones on enzyme systems either m vivo or 1 vitro The best ev1
dence that has been presented recently suggests that, whenever there 1s
a change 1 enzymes due to hormone action, the effect 1s probably due
to the action of the hormone on the synthesis of the enzyme protem
rather than on the enzyme directly WiLLier said that he supposed that
hormones accelerate enzymatic action by perbaps acting as coenzymes
Werss suggested that the hormone mught also produce 4 structural
change i the cell which would permit the existing enzyme population
to operate more efficiently per umt number of enzyme molecules Of
course, the actual enzyme efficiency depends on the probabilities of col
histon between the enzyme and the substrate An ordered arrangement
of the enzymes, 1f 1t 15 p d by 1n the cell
leads to the type of eﬁ'ect that Kollros had yust desmbed SCHNEIDER
MAN ponted out that 1n imsects attention has been paid for a long time
to changes m enzyme systems after hormonal treatment but that more
recently attention has been focused on changes ocourning n the intra
cellular structure after hormone adi Recently Wiggl th
{unpublished) has shown that within a few hours after injection of the
bloodsucking bug Rkodmus with the prothoracic gland hormone ec
dysone the entire tracellular structure of the epidermal cells 1s
cbanged The endoplasmic reticulum looks very different the mitochon
dria change 1n shape etc These events occur exceedingly rapidly and
are paralleled by other changes—for example by increased respiration
which 1s presumably a result of changes mm mitochondnia and mcreased
protemn synthesis which may be the result of changes in the endoplasme
reticulum The suggestion has been made that ecdysone and possibly
other hormones act by affecting intracellular permeability Constder for
2 moment how a cell might regulate 1ts metabohism Certanly one way
15 to Leep enzymes away from therr substrates One way to start reac
tions gomng 1s to bring enzymes 1nto contact with their substrates Thus
some hormones may act by facihitating or restrnicting the access of en
zymes to their substrates Such mechamsms may be very important m
the regulation of metabohsm WEIss agreed that 1t 1s possible that the
primary change 15 1n cellular organization and that any change 1n en
zymatic activity 1s a secondary denwvative of a more direct primary
change ScHNLIDERMAN added that this might be a change 1 mitochon
drial permeability

Werss then mqured about the actual penetration of hormones into
cells as against surface action Do they operate at the surface and does
this engender a change which propagates 1tself into the cell? Or do they
actually enter the cell? Do certain hormones enter and others work. on
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the outside? Perhaps the proteins behave differently from the steroids
which have bipid receptors 1n the cell surface

WiLLrer emphasized that an mmportant aspect of the problem 1s how
large molecules get into the circulation from the endocrine glands and
once n the circulation how these large molecules are piched up by re
ceptor organs He emphasized also that they can lease and enter the cir
culation only through the walls of the capillaries, and he stressed there
fore that the capillary wall may play an mmportant role in the transfer
of large molecules WEeiss however, stated that 1t 1s not necessary to
stress the role of capillary walls because hormones exert therr actions mn
vitro when endocrine glands and receptors are cultured together Capil
laries add a comphcation only 1n vivo He mquired whether WILLIER
intended to imply that there 1s an actual screemng of molecules at the
capillary bed, which esther retains the hormone in the arculation or al
lows 1t to enter the cells If so this cannot be the general situation be
cause of the situation s vitro The problem remains as already stated
Does the hormone merely affect the surface of the cell and, as a conse
quence of this action does the cell then proceed on 1ts own? Or does the
hormone actually enter? WILLIER stated that his working hypothesis
was that, once the molecule gets mto the capillary wall 1s selectriely
picked up by 1t the molecule 15 then bound to the cell membrane by
some counterpart i the latter which 1t matches Once thts combination
occurs the cell membrane becomes active somehow or other in trans
forming the molecule mto something stmpler which enables 1t to act
within the enzyme substrate system within the cell This i turn results
1 the synthesis of a different product within the cell

ScuNEIDERMAN thought that studies have been made 1 which labeled
thyroxin 1s tnjected mto an ammal and subsequently the Iiver 1> homoy,
emized and fractionated, to find out m what particular fraction the
thyrown 1s found SEGAL objected that this gives 1nformation only about
the location of the 10dine I*¥! may be Jost rapidly from the thyroxin
molecule and may well enter cells independently of the rest of the mole
cule ScHNEIDERMAN stated that this necessitates the use of N° labeled
thyroxin or somethung else This vould enable the investigator to find
out the particular cell organelle m which the hormone 1s concentrated

Wreiss then inquired whether Dr Price’s enzyme studies with the
Manps on the seminal vesicles grve any mdication of how the hormone
works 1n mobtlizing fructose PRICE answered that Manp (1954) had
reviewed the evidence that testicular hormone normally 15 essential for
the production of fructose by accessory glands He outlined 2 sertes of
enzyme reactions whtch might be involved 1n the conversion of blood
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glucose to semmal fructose and postul; that alkaline phosph:
may facll fructose b from phosphofructose Walhams Ash
man and Banks (1954) found ketose reductase in fructose producing
glands and suggested that this enzyme nught play a role in the conver
sion of glucose to fructose wath sorbitol as an intermediary Hers (1957)
has now confirmed this and has shown the second enzyme step 1u the
transformation But the way mn which testicufar androgen influences
these enzyme systems i the accessory glands 1s not known

Mooc then mentioned the work of Levine and Goldsten (1955) on
the action of 1nsulin on permeability These authors eviscerated rats and
then 1njected them with insulin and also with sugats whih are not utt
hzed by the muscles and other cells of the body In this way, by sepa
ratmg the penetration from the utihzation of sugars they were able to

that msulin the p of these sugars just

as much as it facilitates the penetration of glucose, which 15 utilized

WEIss pomted out that there mav be a selective receptor mechanism
1 the cell surface placed there for recogmtion or rejection of a hormone
molecule Once accepted perhaps this molecule can be passed down the
line by the bucket brigade of active transport Once inside the cell 1t
nay have an entirely different activity The mechanism of reception and
the mechanism of action may even be connected with different parts of
the molecule The molecule may have a tag which 15 essential for its
recogmtion and reception and 1t may have another part winch 15 thstru
mental to its proper function inside the cell The part of the molecule
that works wnside the cell by promoting intracellular permeabihity may
be different from the prosthetic group that causes the molecule to be
accepted Mooc pointed out that this certainty might be expected to be
true i the case of protems WF1ss suggested that perhaps the structural
analogs of the steroids have a different spectrum of action largely due
to differential acceptance rather than to differential mechamsms of ac
tion once they enter

SCHNEWERMAN mquired whether 1t 1s necessary to think of selective
pichup of the hormone by the receptor organ Is it not posstble that 1t
Just happens that particular cells can use the hormone whereas other
cells which also get 1t cannot use 1t? WEeIss answered that the labeling
experiments demon frate that the hormone is concentrated by a particu
lar gland and therefore 1t 15 selectively mched up ScHNEmERMAN
agreed that this is certainly true of some hormones but that 1t cannot
be assumed a priont that thus 1s the way that all hormones behave

Wetss concluded that nothing much is known about the real mode of
action of any hormores He inquired whether anything 1s known about
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how the hormones act i the production of cancer 1 response to steroid
hormones Munrpocx replied that practically nothing 1s known on the
cellular level Wriss then ashed about the action of hormones on the
ground substances rather than on the cells How does relaxin affect the
mucopotysaccharides? GAILLARD replied that 1t affects them by acting
on caleum exchange Wriss then mquired whether this action occurs
through the connective tissue cells or whether 3t 1s a direct attack on the
ground substance GAILLarp stated that 1t 15 generally assumed that its
action 1s directly on the ground sut He d that gradent:

of action on the ground substance spreading frem cells ace not seen The
fact that has been observed is that the staimng ntensity of the ground
substances 1s ncreased It 1s assumed that the reaction 1s more intensive
because smaller molecules are produced by depolymerization IWEISS
ashed whether the only stedies of the reaction are those based on the
Schuff reaction He inquired whether some straight brochemucal studies
have been made But, even then, only the product would be known and
not the process behind the product

WiLLier hsted three hyotheses about hormone action based on a 1¢

view of the literature (1) the hormane acts by bringing about changes
in concentration of enzymes 1n the tssues, (2) the hormone functions
as a component of the enzyme system, as a coenzyme (3) hormones
act by having a direct or indirect effect on the acceferation and/or nhi

bition of enzvme systems For example 1n a recent study mn vitro 1t »as
found that a particular homogenate could carry on the normal processes
of synthesis of a hormone 1ndependently of the trophic hormone but
that, when the latter was added these processes were accelerated

SCHNEIDERMAN again remarked that another way that hormones may

act 1s by changing intracellular permeability, thereby enabling an en
zyme to come into contact with its substrate WILLER questioned
whether this should be called permeability ’ but Werss ded bim

that what 15 called permeability nowadays is becoming somewhat
hazy SCHNEIDERMAN continued by stating that wside the cells things
are Lept away from each other thete 13 compattmentation One of the
obvious way for nature to affect cellular activity 15 to allow compart
ments to mix It 1s concenable that this 1s one of the ways in which
hormones can act WEIss agreed and stated that this is what he imphed
1n speabung of structural facthties for the reaction but he stated that he
had difficulty 1n visualizing how this could result m switching cellular
snto all ve courses SCH rephed that one com

partment 18 affected 1n one case another jn another etc

Werss suggested that thus 1s only passing the buck from the cell as a
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whole to the cellular compartments ScHNEIDERMAN defended his re
marks by stating that the analysis 1s brought down at least one add

tional step to the ntracellufar level Weiss replied that, even so, 1t 1s
not brought down to the molecular level How do hormones act to cause
the cell to switch nto a different ne of differentiation? He called at

tention to the experiments of Fell and Mellanby {1953), 1n which the
development of shin cells can be switched by treatment with vitamin A
mto a course which will produce shme and alba This 1s 2 model of
events 1 the vagina under the cyche action of steroid hormones The
two agents may act through 2 common pamt of attack He pointed out
that 1n his own lab y 1t has been ated that 1t tales only
15 minutes exposure to vitamin A for the mamiestation § days later of
the switch 1n developmental fate (Weiss and James 1954 1955) The
fate of the whole protoplasmic system has been changed rather dramat

1cally by a very short exposure which 1s defimtely, as far as indirect
evidence 1s concerned confined to the surface It does not penetrate

Perhaps these expernments provide a model of hormone action Gawr

Larp inquired whether the concentrations used i these expeniments are
not exceedingly high in companson with the concentrations of hormones

WErss replied that they are not high in hus expersments ‘The concentra

tion 15 1/10 000 vitamin A in § per cent alcobol for 15 minutes There

after the cells are completely washed The cells that show the effect later
are not the same cells that were treated but are about the third genera

tion progeny ‘Thus the level of vitamin A falls below that characteristic
of normal plasma

SCHNEIDERMAN suggested that the enzyme systems that have been
studied intensively are mostly those concerned with mobihizing energy
These have proved exceedingly uninteresting as far as hormone action
15 concerned The reason that analysis of hormone action has not pro-
gressed effectively on the molecular level 1s that hormones affect many
synthetic reactions and mn such cases the enzymes involved are un
known Weiss agreed and reminded the group that statements ewist in
the literature of embryology to the effect that speafic enzymes or the
reactions catalyzed by them control such processes as determination
morphogenesis or differentiation So far this has not been proven for any
enzyme (Boell 1955 p 548)

SCHNTIDERMAN then suggested that perhaps before going immed1
ately from the response of the entire cell to the molecular mechanisms
mvolved some idea concerning what happens to the ultrastructure of
cells shortly after hormone treatment should be obtained by the use of
the electron microscope YWEIss answered that he has been dong this for
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how the hormones act in the production of cancer n response to steroid
hormones Murzsack rephed that practically nothing 1s krown on the
cellufar level Weiss then ashed about the action of hormones on the
ground substances rather than on the cells How does relavin affect the
mucopolysacchanides? GAILLARD rephed that it affects them by achn,
on caleum exchange Wriss then inquired whether this action occurs
through the connective tissue cells or whether 1t 15 a drrect attack on the
ground substance GAILLARD stated that it 15 generally assumed that 1ts
action 13 directly on the ground substance He mentioned that gradients
of action on the ground substance spreading from cells ate not seen The
fact that has been observed 15 that the stainng intensity of the ground

t 18 d It that the reaction 1s more intensive
because smatfer molecules are produced by depolymerization Weiss
ashed whether the only studies of the reaction are those based on the
Schaff reaction He mquired whether some straight biochenmcal studies
have been made But even then only the product would be known and
not the process behind the product

WILLIER listed three hyotheses about hormone action based on a re
view of the literature (1) the hormone acts by bringing about changes
1n concentration of enzymes in the tissues (2} the hormone functions
as a component of the enzyme system, as a coenzyme, (3) hormones
act by having a direct or indirect effect on the acceleration and/or mht
tution of enzyme systems Tor example, n a recent study tn vitro 1t was
found that a particular homogenate could carry on the normal processes
of synthesis of a hormone ndependently of the trophtc hormone but
that when the latter was added these processes were accelerated.
SCHNEIDERMAN agam remarked that another way that hormones may

act 1s by ¢t Hular p b , thereby enabling an en
zyme to come mto contact with its substrate Wiiier questioned
whether thus should be called permeabil but WE1ss ded him
that what 15 called p tal: nowadays s hat

hazy SCHNEIDERMAN continued by stating that mside the cells things
are kept anay from each other thete is compartmentation One of the
obvious way for nature to affect cellular achuvity s to allow compart
sments to mux It 1< concervable that this 1s one of the ways in which
hormones tan act WEss agreed and tated that this 1s what he implied
1n speaking of structural facihittes for the reaction but he stated that he
had difficulty m visuahemg how this could result in switching cetlular
actwvities mto ¢ courses SCH N replied that one com

partment 15 affected 10 one case, another 1n another etc

Waiss suggested that this is only passmng the buck from the cell asa
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sized as he had done earlier, that there 1s a great difference from one
organ to another When thyrotrophic hormone 15 incubated with fresh
tissue 1t 1s mactivated but 1t 1s not used up m the usual sense of the
term WEIss answered that at least 1t 1s not being recirculated, 1t 1s Jost
as far as additronal actiaty 1s concetned Is this an accurate model of
what happens in the body? SCHNEIDERMAN stated that 1f a trophic hor
mone 15 to be able to regulate some gland 1t just cannot sit around for
along time It has to be there to exert its effect, and, 1f 1ts effect 1s to be
stopped 1t has to be broken down VWEISs suggested that the hormone
as a whole may not be the catalyst The part of the molecule that acts
as a catalyst may not be used up but 1t may then be unrecognizable be
cause 1t has lost its specific tag of recogmtion, once this part of the mole
cule has heen released fram the total hormone molecule
Mooc pointed out that steroid hormones are metabolized very rap
1dly SEGAL stated that they may be metabolized n the Iiver rather than
at ther site of action WgIss emphasized that if they are destroyed
the liver they must first come out of their site of action and this would
provide indirect evidence that they are only passing through recepter
organs horvrros stated that the ones which are destroyed in the liver
may simply be the ones which failed to reach the receptors GarmrLarD
mentioned that ACTH 1s extremely labile in pure plasma Withimn 24
hours after 1t 15 added to plasma 1ts activity 1s iterally ahsent because
of of the active
BurNs emphasized that the case may be very different not only for

d:fferent end organs but for different types of hormones Exactly oppo-
site to the case described bv Tonutti where a part of a receptor does not
grow to any larger size after the rest of 1t has heen removed although 1t
15 exposed to the iull concentration of the hormone 1s the situation 1n
which compensatory hypertrophy of one ovary occurs after removal of the
other one This has always been explaned on the basis of the fact that
with one ovary gone the other somehow or other profits by the excess
gonadotrophin which 1s 1 arculation Weiss pomted out that O M
Robertson (unpublshed) had demonstrated the same response for one
testis of a trout followmng removal of the other one MARTINOVITCH
mentoned that the adrenal responds sumlarly But Weiss then empha
sized that Robertson s trout were said to have also responded when hy
pophysectomized KoLLros then mentioned that this 1s the old pattern
of the crab claw in regeneration Weiss noted that he had quoted a
large amount of Iiterature of this kind in his article on speaficity and
growth control (Weiss, 1955) Such reactions are scattered throughout
the entire ammal ungdom This 1 actually what led to his hypothesis
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several years and that useful information has resulted but that such an
approach 1s leading down only one order of magnitude which 1s still far
removed from the molecular level The pomt to emphasize 15 that almost
nothing 1s known about the mode of action of the hormone at 1ts ter
mmnal point, by which its action 15 gauged How the hormope furnishes
a signal to which the receptor can respond 1s not hnown One of the great
absurdities of modern research 1s the discrepancy between the amount
of work that 1s being done at the end of purtiication, crystallization, and
1dentification of hormones versus the shortage of work on the action of
hormones Perhaps 1t 1s because the latter tash ts so difficult or because
Ro one sees 2 way to attack it

MarTNoyrren inquired whether the hormone activates the substrate,
te whether it acts as an enzyme He pointed out that Tonutts feels that
hormones are not used up 1 the cham of reactions following their ad
mnstration 1L E1sS stated that this ratses the question as to how much
of the hormone can be recovered after 1t has acted TonuTTr mentioned
that Selye (1949) reduced the size of a receptor organ to see whether
the response of the reduced receptor would be greater to a given amount
of hormone than 1n the normal situatrion He found 1t to be no greater
Naturally such an espeniment would be vald only 1f all the adnunis
tered hormone were accumulated by the receptor organ I the hormone
15 distributed equally over the entire body reduction 1 size of a small
receptor by half would have no sigmhcance Weiss felt that thes ap
proach 15 too indirect to be useful He mnquired whether anyone has
ever extirpated a thyroid from a fully stimulated anmmal transplanted
1t to a hypophvsectomized antmal, and demonstrated the escape of re
sidual thyrotrophic harmone ftom the graft 1z an amount sufficient to
stimulate host thytoids Assumung that the thyraid does concentrate
thy rotrophic hormone and not degrade 1t can 1t be gotten out of the
thyrord agamn by gninding up that thyrord and putting st nto a hy
pophysectomized ammal to see whether there 1s at least a temporary
flaring up of host thyroid activity ?

GAILLARD reviewed an espermment of hus which 15 somewhat hhe the
experiment suggested by Weiss He added parathormone to a culture
medium 10 a given concentration and allowed 1t to act on bone tissue
which underwent resorption as a consequence of ths hormone actton
He then took some of the flurd 10 which this action had eccurred and
placed 1t 1n 2 new contaiper along with another ptece of bone which 1n
turn underwent resorption Wezss pointed out that thrs merely means
that hormone 1s still present i the medium it does not mean that st
has or has not, entered the receptor appatatus ToNyTTI again empha
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the hypophysis produces no luteotrophic hormone Corpora lutea are
formed at ovulation but they do not produce progesterone

Wetss inquired whether the number of eggs produced by the two
ovanes 1s approuimately the same MumnLBOCK answered mn the affirma
tive He said that they make a routine practice of transferning fertihized
eggs and practically always find the same number BURNs recalled
that n the ongmal experiments on umlateral ovariectomy mentioned
earlier the remaming ovary after removal of the other one always
matures approximately twice the normal number of follicles for that
ovary MuHLBOCK stressed the importance of the use of pure bred
strains for experiments of this type GAILLARD suggested that the site
of implantation 1s of 1mportance as well as the strair If the ovary of
the mouse 15 transplanted together wthits extra-coelomic cawity, a
successful graft 15 obtamed wheteas if the ovary 1s graited alone and
no free surface 15 provided the graft does not take Mumrsock dis
agreed and stated that i their experiments the results were the same
1n esther case Burns said that he knew nothing about the situation 1
the adult but that 1n the case of the embryomc ovary of the rat, a
small free space 1s essential around 1t in order to obtain survival and
good differentiation just as Gaillard had described

GamLarp mentioned that when suprarenal glands are grafted into
the brain they take but do not function until the moment the ammals
are adrenalectormzed

Koriros then ciscussed the field of amphibian metamorphosis m
relation to the problem of the mode of attack of hormones It 15 ob
vious that before the thyroid acts the pitustary must act by producing
thyrotrophic hormone What 1t 1s that induces the pituitary to increase
1ts production of thyrotrophic hormone at a particular time and thus
to bring about the events of 1s not known
Etkim (1936 1939) demonstrated by transplanting the thyroid gland
adjacent to the pitmtary gland that the pitwitary produces thyrotrophic
hormone a great deal earlier than the chimactic events of metamorphosis
mdicate A very much accelerated metamorphosis results Tt 1s pre
sumed that thyrotrophic hormone from the pitwitary gland reaches the
adjacent thyroud gland by diffusion thereby activating it The histologic
response of the thyroid gland confirms this Presumably the amount
of TSH released by the pituitary at the early stages studted 15 msuf
ficient when diluted m the arculation to have an effect upon the
thyroid gland at its usual site There 1s no evidence to indicate how
much earher the pitwtary might be producing and releasing TSH

Questions have been raised concerning the onset of reactiity of the
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of 2 steady state far the total volume of any organ system, wrespective
of how 1t 15 divided into pars of organs, scattered islets, or what not
It 15 the total mass that 15 under control In the case of the testes of the
trout, there would be a direct action between the testis on the left and
the one on the right through the humoral system of the body If one 1s
removed, the other enlarges In addition to such a mechamsm acting
according to the principles developed by Wesss and havanau (1957),
there 1s apparently a second system of growth control 1mvolving the pt
tuitary and the production of gonadotrophins WEISS suggested that n
all endocnine glands both + are probably d ble He
rarsed a question about the old Halsted law of transplantation which
states that if a supernumerary organ 1s added by transplantation 1t 1s
better to get nd of the counterpart first and thus to reduce the total
mass of that particular organ system He inquired whether this abo
holds true for the endocrine system GAILLARD answered 1n the affirma
tive, except for the anterior prtuitary MARTINOVITCH stated that the
antenor pituitary can be transplanted 1n any amount and will take As
many as ten have been transplanted successiully

Munrgock stated that after umlateral ovariectomy 1n mice the re
maining ovaty shows compensatory hypertrophy (Muhlbock and Boot
1936) As a measure of the function of the remaining ovary the num
ber of ova released at ovulation 1s counted On the average, 5 ova per
ovary are found in the normal ammal After umlateral ovarsectomy the
remainny, ovary produces double that number If an additional ovary
15 inplanted subcutaneously either at the ime of umlateral ovarectomy
or some weeks later, compensatory bypertrophy of the ovary s siti is
not whibeted Tf 1t 1s postulated that the hypophysis releases only 2
Imted amount of gonadotroplic hormone, 1t may be concluded that
this hormone 1s effective only on the ovary s stz The gonadotrophic
hormone 15 effective only on the subcutaneous mvanan graft after ex
tirpation of the remaung ovary s sttu WEIss stated that a stmilar
1und of observation has been made recently in fish by Peters sn Tubm
gen (1955, personal communication)

Vriss then inquired about what happens immedzately after hypophs
sectomy MunLBock replied that in the rat with ovanes sttu a con
tinuous state of pseudo pregnancy 1s found after removal of the prtw
tary gland from the sella to the kadney (Enerett 1954 1956) Ths
means that after its transplantation to another site than the sella re
the } h produces pr )
be estrous cycle of the normal ammal

away from the hyp
Juteotrophic bormone Dunng ]
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phically imuted the other 15 not In the frog both of them depend upon
metamorphosis
Thus 1 amphibran larvae certain tissues are responsne to thyroid
‘hormone, while others are not Those whuch are responsive exhubit either
progressive development such as the hind limbs beyond a certamn
stage or regressive development, as m the case of the tail the beaks
and 1 the salamanders the tail fin, 1f not the entire tail Some of the
structures which show progressive development do so because of the
duirect action of the thyrord hormone (kollres and Kaltenbach, 1952
Kaltenbach 1953¢ & Rollros and McMurray 1956) Other changes
are clearly the results of indirect hormenal action Helff (1928), for
example demonstrated that the modification of the skin over the
tympanic membrane depends upon influences emanating from the an
nular tympanic cartilage whose own prior changes are under the con
trol of thyrod hormone
How can 1t be demonstrated that some tissue 1s directly responsive
to hormone? ‘This can be ascertamed by transplantation of small pellets
which contan thyroun The first work of this kind was that of Hartwig
(1940) He soaked pellets of agar n strong solutions of thyroxn and
then 1mplanted the pellets 1n the tail fins of salamanders The response
d of a reg of the fin an of the fin margin at
the level of the implant Pellets of agar alone do not produce this re
sult Kollros (1943) implanted thyrosin soaked agar pellets into the
hindbrain of the frog tadpole The result was a precocious deyelopment
of the lundbraimn center which 1s responsible for the corneal reflex This
1s a local effect on a behavioral feature The performance of the reflex
thus occurred 1n larval stages a great deal eather than 1t would have
normilly Since the period of larval development 1s divided into an ex
tensive series of well marked stages (Taylor and Kollros, 1946) the
extent of this temporary disharmony can be indicated very clearly
‘Thyrowun agar pellets hberate their hormone very quickly so that local
effects are ly mashed by lized effects resulting from the
rapid accumulation of thyrown in the blood Well compacted pellets of
cholesterol and thyroun combined 1 a ratio of 4 to 1 are better for
this purpose since such a pellet 1f about 05 mm 1n drameter and less
than 02 mm thick hberates its hormone over a peniod of a week or
Tonger Although generahzed hormonal stimulation 1s not avoided 1t 15
much less exaggerated than with agar base pellets and the stolmg
local effects are generally eamly distingwishable from the modest gen
eralized ones (Rollros and khaltenbach, 1952)
There has been a serious controversy, mamly between certain Amen
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tissues to the thyroxd hormone It 1s hnown that i embryomsc stages
the tissues are not reactive However, some studies by Moser {1950)
indrcate that a whole series of tissues 1n the tadpole show a response
at about the time feeding begins Ths takes place in the Rana piprens
tadpole at about a Jength of 10 ¢m A particular cell type in the bram
which eventually responds to thyroid hormone does not become reactive
until the tadpole 15 about 30 mm long (hollros and McMurray, 1956)
Thus different tssues become responstve at somewhat different levels
of develop Werss inquired how this resp ness 15 tested
horrros answered that resorption of the tad 15 studied by measure
ments on the shortemng ta)l Werss asked whether this begins at the
10 mm stage holrros answered that 1t does 1f a great deal of thyrod
hormone 1s grven If thyrord hormone 1s added 1n substantial concentra
tion to the medium m which the tadpole 1s swimnung, starting at the
tme the tadpole 1s 8 mm long, 1€, while 1t 1s still embryome and
utihzing ats yolk, a shorteming of the tal can be detected about the
time 1t gets to be 10 or 11 mm This 15 a specific reaction to thyroun,
Just as 1s stimulation of the hind imbs The hind Iimbs cannot be stunu
lated untal after the imb buds have developed to a certain pornt WEISS
menttoned that he had less confid 1 the red of hing as
a cnterton for hormone activity than 1n a positive criterion AOLLROS
mentroned that Moser also used the loss of the beak as a cntenon of
response This agam 15 a specific reaction occurring at no other time
than at metamorphosis WEIss mquired whether jawbones form also
or whether the reaction 15 stmply the loss of something horiros stated
that Moser did not carry his expenments far enough to know He found
that all four or five of his test structures showed the onset of tissue
reactvity to thyrowin at about the same time The embry 0 15 apparently
unreactive to thyroun until the 8 mm stage, and subsequently, m 2
given sequence certamn tissues become reactive to the hormones

There are special differences betneen urodeles and anurans Certain
reactions that are considered to be metamorphic n the frog are not
‘metamorphic 11 salamanders The corneal reflex 15 one of these, smce it
develops sn the hypophy sectomized and thus non metamorpbostng sal
amander, whereas 1n the frog 1t depends completely upon thyrod
hormone and the metamorphic changes 1n the eye and bram (hollros,
1942) Likewse, the pupillary response first appears at metamorphosis
(Stone, 1930} Thus behavior may be histed as a functional mndex of
hormone achvity, and changes n behavior are mohved m the whole
complex of changes called collectrvely ¢ metamorphosis’ Thus in the
£ the salamander one behavioral response appears to be metamor

eye ol
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pletely inhibit metamorphosis If larvae at the room temperatures of
summer tespond slightly to a given concentratien of thyrowun, they may
fail to respond at 17 C Or, 3f they still respond at 17°, they may no
longer do so at 15° Thus speaking of hypophysectomuzed tadpoles
treated only with external sources of d 1 thyroxn in the dose range
of 001 to 10 pg/liter, the foll 1 which affect
phosis must be hept in mind  (¢) time of onset of tissue reactvity to
thyroun, (&) different thresholds for response by different tissues (re
membenng further that some responding tissues at first have lugh
thresholds and later lower ones), (¢) different rates of response of
different tissues at any given effective hormone concentration, (d) in
fluence of temperature levels upon either & or ¢ or both

The studtes of Rollros and McMurray (1955 1956) serve to illus
trate pownts ¢ and b The mesencephalic V nucleus cells in Rana psptens
appatently eannot respond to hugh concentrations of thyroan by growth
of both nucleus and cell body prior to stage TIT (length of about 30
mm) They respond shightly 1n stages TII-IV and more completely at
stage V, though they ate probably not yet fully responsne even then
{see Kollros and McMurtray 1956 pp 3-6 and Table 1) When meta

hosis 15 lated 1n hypoph: d ammals with thyroun

concentrations barely adequate to bring the larvae to the stage of fore
limb emergence (stage 2X) or shghtly beyond, many tissues change
(skin glands develop molting occuts, legs develop fully, the operculum
perforates, the estrinsic ocular muscles enlarge the gape of the jaws
may crease), but such hormone concentrations appear to be nade
quate to stimulate growth af the cells of the mesencephalic V nucleus
(see hollros and McMurray, 1956 pp 14 15 and ¥i1g 6) Thus these
unmique eastly recognizable cells of the optic tectum can be seen to be
readilv stumulated to enlarge by high concentrations of hormone at
stage V but 1f metamorphosis 1s timulated over a long penod of time
by low concentrations of hormone the cells remain small, even though
they begin to enlarge 1n the stage Z\IV-XVI interval Their farlure to
enlarge by the time stage \3\ 1s reached clearly :mplies that they are
stimulated only by hormone concentrations substantially higher than
those requred to bring about the other metamorphic changes enu
merited They are highly reactive cells but only with relatively high
concentrations of thyroun

One additional feature which might have been considered as stem e
above 15 the rate at which release of thyrod hormone occurs 1 the
normally metamorphosing ammal There 15 no assay for it prior to stage
VII Apparently it increases sery slowly at first as indicated by the
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can and European mvestigators, concerning an interpretation of meta
morphic mechamsms Moser (1950), for example, apparently assumes
that particular metamorphic events require partrcular threshold levels
of thyrord hormone to be reached ot exceeded before they occur By
contrast, Ethin (1955) asserts that any concentration of thyroid hor
mone adequate to bring about any of the metamorphic reactions 1s
adequate to bring about all of them, gren enough time for the action
There 15 now sufficient evidence to rule against the latter rdea 1a favor
of the former 1e, in favor of the wdex of several speanc thre holds
Gegy (1941) reported no concentrations below one part sn two bithon
and stated that this )s ineffective Allen (1938) lihewse stated that this
concentration 1s meffective Their negative results apparently stemmed
from therr use of normal tadpoles, in which the ntrinsic hormone pro~
duction and release mash the modest 1nfluence of thyroid hormone in
low concentratron In s own recent esperiments the hihest concen
tration used was one part 1n one bilhon (1 pg/hter) m the culture
water This level 15 for hypoph d and thus effecttve
1y thyrodless larvae for all events of metamorphosis through develop
ment of the legs perforation of the operculum and emergence of the
forelegs, development of skin glands, and substantial loss or resorption
of aral fringes, tail fin and axial structures of the tul With concen
trations of thyroxin only 1 per cent as strong as this, certan metamor
phic events can still be suimulated The development of the nd limb,
for example, seems for a time to be independent of the thyroid gland
since, 1 hypophy sectormzed tadpoles, 1t proceeds to the level of the
normal stage VI-VII tadpole Then development terminates untd strm
ulated by the mtroduction of hormones Stage VII 1s the stage at which
one digit of the foot 1s separated from the common pnimordium of the
other digits Tr with low ¢ of thyroxin will sttmu
late further differentiation of the leg to the stage of two three four, or
five toes Which of these stages 1s reached depends mamly upon two
things the concentration of added thyroxin and the temperature If the
concenfration 1s correct to bring about the development of three digits
further treatment at the same hormone concentration will bring about
no additronal change, even though such animals may be treated for 2
additional 12 months Howeser, if the temperature 1s elevated by sev
eral degrees or if the hormone concentration 15 increased slightly duning
thus time, some addittonal metamorphic progress 1§ achieved 1€ four
o five toes may be produced Temperature olves etther the sensitinity
of the responding tissues or their ability to respond at all (Kollros,
1956) It has been known for a long time that cold temperatures com
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We1ss emphasized the value of the metamorphic process as a tool for
the analysis of the action of thyroid hormone on the tissues There 15
one large cell on each side of the hindbrain of all amphibians and fish,
called ¢ Mauthner s cell © This 15 one huge brawn cell There 15 only one
on each side of the amimal charactenzed by 1ts enormous nucleolus,
large nucleus, and very large cell body This cell 1s surrounded by other
large cells, the ones that kollros mentioned As metamorphosis proceeds,
this cell regresses 1ts regression has been studied mn Yenopus by
Stefanelhi (1950) After metamorphoss, it can no longer be recogmzed
5o its ultimate {ate 15 unknown Weiss and Rossetty (1951) studied this
cell under a vanety of experimental cond; and also by impl: 10n
of thyroid directly into the ventricle aganst the area containing Mauth
ner s cell, so that the latter could be exposed to the direct mfluence of
thyroun from a locahized source The wmplantation of fresh thyrod
stimulates an enormous increase sn mitotic activity in the ependyma of
that area, neither borled thyroid nor any other control gland exerts this
action How this eftect 1s brought about 1s unknown The volume of
all the nucler of the large cells in this area increases within a few days
By contrast Mauthner s cell regresses One cell thus emancipates 1tself
3n ats response from all the rest of the population and reacts eatirely
differently from the rest of them This certanly pinpoints selectivity
even within a population of nerve cells! If this type of reaction 15 fol
fowed up 1n such a way as to determine how this cell differs metabolical
ly structurally etc from sts neighbors some clue concetming the pomt
of attack of thyroxin may be provided

Thyroxin also has a stnlang action on muscle Recall that muscle
consists of sarcomeres and that there are 1sotropic parts (1) and amso-
tropic parts (A) According to present electronmicrography actin fibnils
run clear through the muscle fiber whereas myosin fibrils are short
stubby pieces found only 1n the amsotropic zones associated with and
probably wrapped around the actin tibuils At metamorphosis in urodele
larvae most of the muscles remain entirely intact but the gl muscles
disappear when thyroun appears The I bands of the gl muscles are
completely hydrolyzed and dissolved out, while the A bands float around
as loose plates of myosm fifaments which finally become secondanly
dissolved Here agawn there 1s a very meat chemmcal {ractionation of
tissue components by thyroun Another stnlang effect 1s on the base

ment lamella of the skun of amphibian larvae This membrane separates
the connective tissue from the epidermus which 1 wrodeles contams
large glandular cells the Leydig cells and smaller basal cells and cover
cells During p this b b

15 perforated
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progress of limb development after stage VII Its concentration then
appears to increase more rapidly, and even preciprtously, at or just prior
to metamorphic climax There 15 then evidence that the concentration
declines, but yust how far 1s not evident Studies by Barch (1953) have
yielded intere.ting information on the rate of otygen utilization by
skin at different <tages and on the responstyeness of the skan to thyroun
The first index of increase 1 thyroid hormone 15 the differentiation and
growth of the legs, which though highly sensiive to the hormone at
first respond to 1t very <lowly Shkin glands next develop The thinmng
of the skin window and shortening of the tail are both relatnely 1
sensitive mnd of hormone ton but, once adequate con
centration of hormone has been reached, they respond rapidly In
hypophy sectomized amimals, however, 1t 1s possible to aclieve a very
delicate balance of hormone concentration such that thinming of the
shin window does occur but rupture does not If dosage levels are
exactly night, the spiracle disappears and regression of the shin windew
area by eroson from the edge of the spiracle may go on beng re
stricted to the left side of the body By similar control of dosage, re
gression of the tail may be stretched out over a period of several months
rather than over some 6 10 days (koliros unpubhshed)

The feedback mechamsm remarns te be discussed 1€  the mfluence
of the thyroid hormone upon the pitwitary gland There 1s a substantrat
reduction 1n the thyrord hormone content of the blood after metamor
phic chimax Is this red led by inhit of TSH output
by the piturtary? There 1s no evidence of such an effect dunng, the long
buildup pertod terminating after forelimb emergence Is the piturtary
mn fact responsive to thyroid hormone at ths trme? It 15 responsive to
rather large doses of the hormone If a large thyroun cholesterol pellet
15 1mplanted n a normal tadpole, a rapid spurt of metamorphic deve)
opment 1s recorded, begmning 2 or 3 days after implantation If the
pellet size 15 gauged corsectly, there will be too little hormone to bring
about the cimactic phase of metamorphosts and after a few days of
rapid change the rate of change will decrease and mav come to a com
plete halt The tadpole may then remam unchanged for 3 6 or 9 weehs
even for as long as 10 months (rarely) This block to metamorphosis
15 interpreted as thyroxn induced nhibition of TSH output, the re
covery from which may be rapid or very slow Once metamorphic
changes begin agam the course of metamorphosis proceeds normally
The metamorphic stasis indicates that the pitwitary gland 1s sensitive
to thyroid hormone but that ordinaniy mhibitive concentrations of the
one are not ackieved prior to metamorphic chimas

horm!
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to foremb emergence WEIss mentioned that m the normal metamor
phosis of the European salamander, Salamandre maculosa this zone 13
very sharplv defined as it moves up on the tail With the aid of the
electron miscroscope 1t 1s possible to distmguish one cell on one side of
the Line that has metamorphosed and another cell on the opposite side
which has remained larval 1n type AN maquired ¢
the fates of the larval cells Korrros and Werss answered that they
are resorbed

KoLtros then added a few comments concerming Mauthner’s cell
A thyroxin cholesterol pellet was placed lateral to the medulla oblon
gata just anterior to the level of this special cell Although the distance
for diffusion of the hormone 15 considerable, there Was probably less
diffuston mto the blood stream than i the experiments of Weiss and
Rossetts (1951) Pesetshy and hollros (1956) presented a table of
nuclear sizes of non Mauthnenian cells on the two sides of the hind
bram confirming the conclusions of Weiss and Rossetti 1insofar as
stimulation of cell growth by thyrown 1s concerned [he cells on the
side of the implant became sigmficantly larger than those on the op
posite side far removed from the source of the hormone The nuclel of
Mauthner s cells on the side of the implant were reduced msigmificantly
(P =013) compared with tho ¢ of the opposite side However 1f the
six spectmens which had proceeded to stage X\ with emergent fore
limbs are selected from the mneteen that were treated the Mauthnerian
nuclet on the side of the implant are then found to be sigmficantly
smaller than those on the opposite side (164 p- versus 196 p P =
002) The conclusion was reached that mvolution of Mauthner s cells
requires ether high concentrations of thyroid hormone locally for sev
eral days or high concentrations of the hormone locally 1n addition to
earher degeneration of lateral line nerve centers or tail motor centers
as a result of a relatively high hormone concentration 1n the general
crculation Apparentlv one or more of these conditions did not obtan
m the thirteen ammals which did not proceed to the stage of forelimb
emergence Thus Mauthners cell reacts by involution to the thyroid
hormone while other smail and intermediate sized cell types nearby
react by growmg as pomnted out by Weiss and Rossettt
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under the action of thyroun (Wetss and Fernss, 19542, b, ¢ d) It s
amvaded very much like the invasion of germmnal cords through the base
ment membrane of the ovary Nests of epidermal cells which penetrate
the b: b form the subc glands The Leydig
cells disappear  Agan there 15 a defimte Jocal effect on the basement
membrane At this time the invasion of connective tissue cells mnto the
mucrostructural lamellae of the E b can be seen elec
tronmucrographically, they enter along cleavage Lines formung the der
ms This can be done only by cells dissolving the ground substance
that holds the membrane together Either these cells develop at this
time a hyaluromdase or some other enzyme which becomes actiated
by thyroxin, wiich seems unhkely or the ground substance of the base
ment membrane becomes suscepttble to the enzvmatic action of these
cells at this time, which seems more likely Otherwise they could not
mvade This Iinks up with what was sard earker about the action of
refaxin on the ground substances and perbaps even with the myvasieness
of tumors cancers, etc There probably 1s a2 common denormnator
somewhere, and the behavior of the b hib

of amp
larvae n response to thyroun may offer an unusually favorable pornt
of attack for an under dng of the molecuk: hamom of action
of the thyroxmn molecule Werss !
to be a gold mine for analyses of this type
Kotiros recalled that hollros and Kaltenbach (1952) reported ob
servations on the local metamorphosis of the skin Thyroxi cholesterol
pellets implanted under the skin produced neat patches of metamor
phosed skin surrounded by larval shin He showed a hypophy sectomized
ammal treated with thyroun alone at a concentration of 06 ug/hter
Tt had develaped to stage XIII and possessed rather well developed
glandular ndges Control ammals at this stage have na trace of shin
glands let alone patent glands He showed another animal which had
been treated stmlarly but which had developed to stage X X—the stage
of forelimb emergence—before fixation It exhibited a very marked
junction between the skin of the tail base and the more dorsal skin
which shows adult pigment spots and which wll persist and the more
ventral skin, which retams larval charactenstics and pigmentation and
wiuch will disappear with the rest of the tal The distinction 13 much
leater than in the normal ammal at stage AN In section glands and
2 stratum corneum can be seen 1n the dorsal skin  the ventral skurt lacks
glands and retamns the larval arrangement of layers of cells Incidentally
the corneal refles was elcitable from the treated animal for over 2
months, whereas normally this reflex 15 ehatable only 4 or 5 days prior

1o
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