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Foreword

Tue name of Edward Colston, the great seventeenth century philanthropist and
educationalist 15 associated 1n Bristol with a number of scholastic and charitable
institutions It wis adopted by a group of public spinited citizens when, 1n 1899 they
established the Unwversity College Colston Society with the aim of fostering the
young and struggling Umversity College For a decade 1t played 7 part i the move
ment which culminated in the mstitution of the Unnersity of Bristol 1n 1909

The Society then changed 1ts name and made 1is object more precise 1t became
the Colston Research Society and devoted atself to the encouragement of origmal
worh 1n the Unnersity It made grants for the purchase of apparatus and for the
other expenses of research As resources increased activities expanded and notably
1 the later thirties the Society financed a full scale Social Survey of Bristol

After the war a new reconsideration of policy led to the deciston to devote the
major part of the Society s efforts to the promotion of an annual symposium the
first being held m 1948 The rapid growth of the symposium as a means for the
advancement of knowledge 15 one of the remarkable features of the intellectual Iife of
recent years Usually such meetings are fostered by bodies interested 1n one par
ticular field of learming As the hist of titles (on the page opposite) shows, no such
limitation applies to the symposia of the Colston Research Society That the
subject should be one at an interesting and active stage of development 1s the main
factor in making a chorce The fact that the sympostum 1s held 1n one of the younger
seats of learming with 1ts home 1n an historic city,1s a stumulus not only to the Univer
sity but also we believe, to the visiting guests who have come from many countries
The publication of the pr dings ensures the commumcation of the papers and
discussions to wider ctrcles

As President of the Society for the year 1955 56 1t was my privilege to preside over
the eighth symposium on The Neurchypophysis, the proceedings of which are
printed 1n this the eighth volume of the Colston Papers

M Skenz
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Preface

Tats Symposium on the Neurohy pophysis was the fisst international mecting devoted
solely to the subject It mirrors not only the diversity of aspects of the theme but 2lso
the rapid progress i recent years in the study of this mvolved endocrine system This
progress has been essentially tuofold Fustly there ts now strong suggestine evidence
that the neurohypophysial hormones are elaborated not i the postenor pitutary
lobe but m the hypothalamus mnd sexeral of the papers read were concerned with the
imphications of this concept Secondly the chemeal nature of the actne prnciples—
0 some mammalitn species at lest—has been established However as Sir Heary
Dale renunded us m his opening address the physiological sigmificance of the nearo
hy pophysial hormones 15 known only incompletely Ad ity the regulatory role
of the antidureie prisaiple 1n the sater metabolism of mammals (and most likely
1 that of lower iericbrates) can no longer be doubted but the wnportance of the
other pharmacologically demonstrable effects of posterior prtmitary extracts s s yet
based less securely While for example there is strang evdence that oxytocm 1§
normally imphicated 1n the complex mechmism of lactanon 1ts yole s partuntion
is far from clear Moreover 45 1s apparent ffom expertmental results reported in this
sympostum  the neurohvpophysis may have some further physiological functions
with which we are even less perfectly acquamnted vasopressin may in certain Or
cumstances be concerned with the regulauon of blood pressure oxytocn may play
a role mn renal electrolyte excretion and may abso be mvolved sn the utenine mechan
1sm for the ascent of spermatezoa

There 1s another unsohed {or anly partially solved) problem which was frequently
mentoned namely that of the esumation of the neurohypophysial hormones
body flurds This has been achieved rebably when the concentration of exogenous or
endogenous hormone 15 telatnely lugh but the narfial blood Jevels of the posterior
pitwtary hormones m ammals or man have not been established Unul thus has
been done chinical reserch on neurohypophysial function will obviously be severely
handicapped For this reason and not only because of the hmited tme papers on
chinical aspects were deliberately excluded from the sy mposium But as this volume
shows the subject was otherwise treated on & broad basis which mcluded the com
paratnne physiological approach

There remains the pleasant duty to thauk the mdwaduals and orgamizauons that
made ths symposium posuble First and foremost the Colston Research Society and
in particular its President Professor 3 Skene and ts Secretary Mr R H Brown
whose belp has been invaluable Secondly S Henry Dale and the Wellcome Trust
for ther generous grant which enabled us to myite speakers from the Unuted States
and Canada I am also much indebted to Dr § J Folley Chairman of the Society
for Endecnnclogy and Dr G E W Wobstenholme Director of the Ciba Founda
tion for grang me thew adsice 1n the early stages of organizing the symposiam and.
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Preface
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Euvidence concermng the endocrine function of the
neurohypophyss and 1ts nervous control

by
Sk HENRY H DALE

Tue 18g1 edition of Michael Foster s then justly famous Text Book of Physiology
which provided the basis for my own undergraduate studies of the subject when these
began m 1894 was curtly exphiait 1n 1ts account of the knowledge then available
concerning the functions of the prtuitary body With regard to the purposes of the
organ as a whole, 1t stated, we hnow absolutely nothing —a statement which you
may magine was not without an aspect of reassurance for a student with an ex
ammation 1n prospect And, when the first evidence to suggest a function for this
previously mysterious organ, appeared a year later 1n 1895 this was concerned, as
was still Iater to be made clear with only one of the parts of 1ts composite structure
namely with 1ts postentor lobe the neurohypophysis which s the subject to which
our discussions mn this sympostum are to be limited—except, of course 1n so far as
some contsibutor may need to mention data which are more directly concerned with
the antertor lobe—the adenohypophysis—or with the so called pars mtermedia
on account of light which they may throw indirectly upon the functions of the
neurohy pophysis and the mechamsms of their control which are on this occasion to
be our sole concern

The first enidence then suggesting any function for the pitmitary body and for the
neurohypophysis 1n particular was presented 1n a short paper by George Oliver and
E A Schafer (1895) This was n effect a supplement to therr main paper on the
remarkable effect on the circulation of an extract of the suprarenal gland—a potent
action which they had seen and reported briefly in the previous year 1894 when Dr
Olver the enterpnising physician from Harrogate had first persuaded Professor
Schafer nclined to be impatient and incredulous to try the effect of injecting such
an extract 1nto a vern of an anaesthetized dog at the end of an experiment which
Schafer had been making with a different object And having m their full paper in
the following year given an extended account of this astomshing activity of a supra
renal extract and having shown that the substance responsible for 1t was obtain
able only from the medulla Olver and Schafer were naturally curtous to discover
whether other ductless glands contained any comparable immediately active sub
stances They reported the results of this survey 1n the paper which directly followed
that on the suprarenal extract n the same number of volume 18 of the Journal of
Plysiology published in 1895 And there you can find this first account of the activity
with intravenous mjection of an extract prepared from the whole prtwitary body
this being the only one of the other glandular extracts which they tested which
showed a pressor or mdeed any other specific action on the circulation, comparable
mntensity with that which they had observed with the suprarenal extract the effect
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SIR HENRY DALE

of the pituitary extract, though 1t was much the more persistent bemng the less im
pressive of the two because 1t was wholly due to an ntense vasoconstriction, and
showed none of the cardio acceleration which contributed so much to the suprarenal
effect
Tt was W H Howell (1898) who, some three years later, showed that the sub
stance responsible for this pressor action of a pitwitary extract was obtamable only
‘rom one part of the organ, and, rather surprisingly, only from 1ts posterior, neural
lobe Howell also showed that when the prolonged pressor effect of 1 substantial
first mjection had subsided, the ammal was almost completely msensitive to the
action of 1 further sumilar or even larger mjection, and remamed thus refractory
for a period up to several hours according to the size of the dose responsible for this
tiwchyphylivis  In the following year, Schafer & Vincent (18gg) confirmed both
these observations Thev were puzzled s were others Iater by the finding, which
they were nevertheless obliged to confirm, that such a powerful, immedrte, phar
macodynamic activity should be due to something present only mn the posterior lobe
of the piturtary bodv It would hive been much easter of course to credrt the anterior
lobe so obviously glandular in structure with the production of something so highly
and speufically active whereas the postertor neural lobe, from which alone the
«ctivity could be extracted appeared to consist almost entirely of nerve fibres and
neurogha 1nd to be mn fact 1 kind of extension through the mnfundibular stalk from
the grey matter of the floor of the third ventricle, though almost devoid of nerve
cells Schafer & Vincent ascertained by experiment that otherwise sumilar extracts,
made from grey matter from other parts of the bramn did not 1n fact exhibit ny
wtivity of this kind  And this apparent anomaly of the production from what looked
hke the almost purely nervous tissue of the posterior lobe, of an mtensely active
substance which no other nervous tissue vielded with the suggestion that never
theless this part of the pitwitary body like the suprarenal medullh ought to have an
mmportant endocrine function continued for a number of years to puzzle and to
disconcert the minds of physiologists who became nterested in the problem It
seemed to be dilficult for them to reconcile such a finding with therr sense of physwe
logicnl propriety so that they became too eagerly alert perhaps for any evidence
which might apperr to offer 1 plausible way of escape from so embarrassing 7
paridox A key to 1ts meaming  eems now At length to be offered by the novel ind
Iughly suggestive lines of evidence which have been followed 1n recent years con
cerming the relation of the structures of the posterior lobe to the nenve cells of the
hypothlamic nuclet nd the dependence upon this connexion of the hormonal
content of the lobe And thus 1ppears likely to be one of the most important subjects
for our consideration at thns sympostum Smce my own part in our discussion can
be httle more than remimiscence and gossip concernmg 1 phase n the evolution of
its subject now long past I can contribute little to the consideration of this recent
development except to emphnsize the genune difficulty which earher mvestigators
found 1n this sden that 2 tssue while it xppeared to consst Almost entirely of nerve
fibres 1nd neurogha could lso function as 1n endocrine glind— difficulty which
was certunly not dimimshed when 1t was found that the posterior lobe extract had
other immedinte physiological Actions compnrable in 1nterest and mtensity to the
pressor ctivity which had first been noticed

2



Evudence concerming the endocrine functwn of the neurohypophysis and ats nervous control

Magnus & Schafer (1got) observed that an mtrivenous mjection of the pitwitary
postenior lobe extract nto 1n anaesthetized ammal produced lso, after a latency
a conspicuous Increase 1 the rate of the secretion of unne 1nd, a few years Inter,
this observation was confirmed 1nd extended by Schafer & Herring (1906) It 15
of course, now generally recognized that this effect definite and striking though st 1s,
and regularly 1s 1t can be reproduced under the given conditions 1s, mn fact an
anomalous 1nd artificial result due to the depressed kidney function produced by
the anaesthestn and to the use of the intravenous route for admumstermg the
pituttary extract 1n reltively large doses It was later recognized that the truly
physiological antidiuretic effect now tccepted as the genune hormonal action on
the hidney could only be reproduced artificially af the extract was injected hypo
dermucally or in very small doses ntravenously and mto unanaesthetized 1mmals

Before we discuss further this natural antidwretic effect however, I ought to
make brief mention of another action of the postenor lobe extract on the plan
muscle of the wall of the uterus which I first described inadentally (Dale, 1906),
having come across 1t almost by acaident when I recorded the already hnown pressor
action for another purpose Iwasstudymg a now famihar but then newly discovered
action of certain alkaloids of ergot—what has since been termed a sympatholy tic
action——1n which augmentor actions of adrenaline and corresponding effects of
sympathetic nerves transmitted 1s we now know by the release at therr endings of
adrenaline 'nd 1ts primary homologue are suppressed or replaced by inhibitor
effects In 1 female cat at an early stage of pregnancy I happened to be recording
the artenal blood pressure and the activity of the muscular wall of the uterus and
by a previous dose of an ergot preparation, the actions ol adrenaline on both of these
had been so reversed that each mjection of 1t now produced a fall of the arterial
pressure 1n place of the normal nse and a relaxation of the uterus 1 place of the
previous contraction I thought that 1t would be of interest to know whether the
pressor effect of the pitwitary posterior lobe extract would also be reversed like that
of adrenalme or as I expected unchanged When accordingly I injected an
appropriate dose of the pituitary extract I observed that it had not only retained 1ts
normal pressor action, 1n contrast to the reversed depressor action of adrenalme
but that 1t also produced a powerful contractile response of the uterus not hrtherto
described Other expeniments made then to study this action dehiberately (Dale
1909), showed that 1t was produced on the uterus m all spectes and 1n various
physiological conditions even in those 1n which the natural effects of adrenaline
were to produce simple inhibition of the organ s tone and thythm It was clear then,
that these peripheral actions of the pituitary posterior lobe extract unlike those of
adrenalme had no relation to the effects of impulses in the sympathetic or any other
autonomic nerves And I took the opportumity to see also for myself the diretic
action on the anaesthetized ammal of which a full description had then recently
been given by Schafer & Herring (1906) also to make some observations on the
nature of the substance assumed then to be only one which was responsible for all
these actions, showing 1t to be excreted in the urine, stable to peptic digestion and to
boiling at a mildly acid reaction but readily destroyed by tryptic digestion or by
hot alkalis and to have, accordingly the characters of a relatively sumple polypep-
tide For the time being 1t seemed to me natural to suppose m default of good
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SIR HENRY DALE

evdence to the contrary that one and the same substance was responstble for all
these different actions, in 1ccordance with the well known logical maxim attributed
to Willam of Occam—entta non sint multiplicanda praeter
We may leave that pomnt for the present, noting only that 1n 1ts further discussion
we should also include the substance 1n the extract responsible for the milk ejecting
galactogogic effect on the mammary gland, later recognized by Ott & Scott (1910}
Meanwhile we must give some further consideration to the really physiological action
of the extract on the function of the kidneys This first came to light through 2
sequence of clinieal observations on human patients I think that we may suppose
that the demonstration by Schafer and his co workers of the anomalous diwretic
effect on anaesthetized ammals, to which I have referred, had some mfluence m
directing the attenuon of | E Franh (1912}, to a possible connexion between diabetes
msipidus and disease, or njury, of the hypothalamus, of the wfundibutum, or of
the neurchypophysis Frank having discovered strong pathological evidence of such
an 1ssociation appeared to find 1t natural to attnibute the effect to 1n excessne
outpouring of the supposed diuretic hormone evoked by rrritation of the neuro
hypophysis His observation however, seems to have simulated two 1ndependent
investigators, von den Velden (1913) and Farmu (1g913) to try the therapeutic effect
of hypodermic myections of the posterior lobe pitwitary extract on cases of diabetes
msipidus, and both of these observers reported 1 result which appeared to be the
direct opposite of what might have been expected if Schafer s conception of diuresis
as the normal eflect of the extract and Frank s application of this idea to his patho
logical findings had represented the true physiologicnl funcuion of the neuro
hypophysis And it may perhaps, have some shght interest to recall, in passing that
the successful treatment of diabetes msipidus by such ijections, repeated at suitable
mtervals, had become an item of accepted, almost of conventional, therapeutic
routne some exght or nine years before the discovery of insulin made possible 1 much
more famous therapeutic 1dvance in the successful treatment of the much commoner
and much more tragically serious condition diabetes mellitus The preparation of
an active extract from the pitwitary posterior lobe had of course no such long history,
of frustration and ulumate success 1s had been mvolved n that of the extraction and
stabilization of insulin No more complicated method had been needed to obtan the
anudretic hormone than the simple boiling of the postenor lobe substance with
weakly acidulated water, and preparations so made had n fact been already
available for several years for use in obstetrics so that they were ready to hand
when therr remarkable value in drabetes msipidus was discos ered
Meanwhile the mode of origin and the precise physiological source of the nctive
substance, or substances seemed to be stll in doubt The results of operative re
moval of the neural lobe by 1 number of different observers over a period of years
using different operatine methods and dufferent speaies scemed to be difficult to
nterpret The finding for example that removal of the neural Iobe alone or section
of the infundibulr stalk, caused 1n certaim specics only an evancscent dinbetes and
that when this had thus subsided extracts from what had been regrded as hypo
thalamic brain substance were hormonally actine, scemed for 1 ttme to make the
1ssue only morc complicated I must not attempt to antiapate what bthom wnllh
expencnce of this aspeet of the problem may be gomg to contribute to the
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symposium Perhaps I may venture however, to suggest that 1t seems now to be
recogmized that we ought not to restrict our conception of the hormene producing
neurohy pophysis to the rounded lobe which hangs 15 1t were, at the end of the stalk,
apparently we should include 4lso, 1n the neurohypophysts tissue mn the st1lk and
1n the mediin eminence, which had earlier been assumed to be nenvous and there
fore not or at least not normally endocrine n function although as we have seen
the almest entirely nervous nature of the tissue of the lobe itself together with its
norml yield of a lughly active extract, had long made 1t difficult to regard nervous
structure ind endocrine function as enurely mcompatible
There \ppeared meanwhile to be a paucity of more direct evidence mn fwvour of
4 supposition which 1s obviously of central importance to the whole direction ind
form of our discusston, namely that the highly active substance (or substances) which
the neurohypophysis yields to truficial extraction are also naturally secreted from
1t as hormones There are others present with far better and more direct qualifica
uons than mine for dealing with the evidence by which this important conclusion
cn now be justified Perhaps however I may allow myself to make spectal mention
of 1 hine of evidence which has developed durning a period extending now over rather
more than thirty years and which began with experiments in which the late L H
Starling and E B Verney employed an acute form of physiological techmque
Starling & Verney (1925) perfusing the isolated kidney of a dog with blood from a
stmple heart lung prepar wion showed thatit soon began to secrete 1 volumnous and
highly dilute urme entirely similar to that of diabetes msipidus  but that the addition
to the rtificially circulated blood of a small dose of the pituitary postersor lobe ex
tract was sufficient to restore to the kidney 1ts normal reconcentrating function And
then 1n the following year after Starling s death Verney (1926) included also, 1n
the heart lung circulation the 1solated head of the dog and showed that this sufficed
to enable the perfused kidney to continue the production of a urine which was normal
1n volume and concentration until the prtuitary body was removed from the perfused
head when the voluminous and dilute urine of diabetes msipidus soon appeared
To me this seemed to be the most direct and convincing evidence till then available
not only of the perfused kidney s requirement for the production of a normally
concentrated urine of a substance present in an artificial extract of the neuro
hypophysis but also and most convinangly of the active secretion of that substance
from the neurohypophysis mto blood which was circulated through 1t In other
words, 1t seemed to be at least as complete a proof of a normal endocrine function
for the neurohypophysis as any which had been given or mdeed has since been
given for any other organ And you will I am sure be familiar with the series of
elegant experiments on normal conscious ammals which have since enabled Verney
and his co workers mcluding De Pickford whom we shall hear later to study in
detail the conditions by which this endocrine actiity of the neurohy pophysis 1s
naturally excited and controlled and of the part played, in that excitation and
control by emotional factors, acting upon the neurohypophysis through the nucle
of the hypothalamus
T must also say something more directly about the question already mentioned by
mmplication whether these different effects of the neurchypophysis or of artificial
extracts from 1t, are due to only one or to more than one hormone, oractive principle

5



SIR HENRY DALE

evidence to the contrary, that one and the same substance was responstble for all
these different actions, m ccordance with the well known logical maim attributed
to Willtam of Occam——entta non sint multiplicanda praeter
We may leave that point for the present, noting only that mn 1ts further discussion
we should also include the substance 1n the extract responsible for the milk gjecting,
glactogogic effect on the mammary gland later recogmized by Ott & Scott (1910)
Meanwhile we must give some further consideration to the really phystalogical action
of the extract on the function of the hidneys This first came to light through a
sequence of clinical observations on human patients I think that we mav suppose
that the demonstration by Schafer and his co worhers of the anomalous diuretic
cffect on anaesthetized animals, to which I have referred had some mfluence n
directing the attention of ] E Frank (1g12), to 1 possible connexion between diabetes
msiprdus nd diseise, or inyury, of the hypothalamus of the infundibulum, or of
the neurohypophysis Frank hiving discovered strong pathological evidence of such
1n assocrition, 1ppenred to find 1t natural to attribute the elfect to an excessive
outpouring of the supposed diuretic hormone, evoked by irnititon of the neuro
hypophysis His observation however seems to have sumulated two mndependent
investigitors von den \elden (1913) and Farmi (1913), to try the therapeutic effect
of hvpodermic injections of the posterior lobe pitwitary extract on cases of diabetes
msipidus and both of these observers reported a result which appeared to be the
direct opposite of what might have been expected, 1f Schafer s conception of diurests
as the normal effect of the extract and Frank s apphcation of this idea to tus patho
logical findings had represented the true physiological function of the neuro
hypophysis And it may perhaps have some slight interest to recall, in passing that
the successful treatment of drabetes nsipidus by such mjecttons, repeated at smtable
ntervals had become an item of pted, almost of c 1 therapeutic
routine, some eight or mne years before the discovery of insulin made possible a much
more famous therapeutic advance n the successful treatment of the much commoner
and much more tragteally senous condition diabetes mellitus The preparation of
an actine extract from the pitustary postenior Jobe had of course no such long hustory
of frustration and ultimate success as had been involved in that of the extraction and
stabilization of msulin No more complicated method had been needed to obtain the
antidwretic hormone than the simple boiling of the posterior lobe substance with
weakly acdulated water and preparations so made had, w fact heen already
available for several years for use in obstetrics so that they were ready to hand
when their remarkable value in dinbetes msipidus was discovered
Meanwhile the mode of origm and the precise physiological source of the active
substance or substances secmed to be still in doubt The results of operative re
moval of the neural lobe by a number of different observers over a period of years
using different operative methods and different spectes, seemed to be difficult to
mterpret The finding for example that removal of the neural Iobe alone or section
of the infundibular stalk caused in certain species only an evanescent diabetes nd
that when this had thus subsided, extracts from what had been regarded as hypo
thalamic bran substance were hormonally active, scemed for a time to make the
1ssue only more comphcated I must not attempt to anticipate what those with
direct expenence of this aspect of the problem may be gomng to contribute to the
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able to tell us whether any companson has yet been made of the sitos between
pressor and anudiuretic actinaty m these two different 1asopressing, confrnng
argimine and lysine respeetnely  wd af 5o, with what resuls
With the mvestigatton of the rebrted but essentiilly different question whether
these dufferent netne poby peptides exst sepirately m the hung ghind or 1s com
ponents of 1 single multyalent macromolecule, 1 have had no direct concern
Professor vin Dybe as we 2l hnow obtuned m 1 press juice from the fresh sub
stince evidence of 1 protemn mosing as 1 unt under electrophoresis seprrable by
ddlercnit centrfugation and yielding both types of nctivsty 10 extraction p
parenthy o the natural proportions I should ke been more smpressed by thus
cudence if 1 had not myself nd buter expenence over 1 wide mtervat of yeurs of
the tenacity wath whicl: the two actne punaples from the boded extrict m which
we now hnow thit they cxast separately wdhere even 1o well erystatlized preciprtates
and 1ppirently in proportions not obviouslty different from those i which they were
present in the ongnnl extract Two dsstinguished chemmcal collergues of mune the
tate George Barger nd the Inte Harold Dudley suffered sepirate and harrowing
distppomtments 1t w wterval of many years Tach of them in turn obtuned from
the extract after months of careful work 1 well crystafhized skt showing the different
activitres wath @ ngh iatenaity  nd 1 apparently unchanged proportion and exch
m turn not unnaturally thought for 4 time that he knd prepared 4 pure salt of a
sngle multnlent princaple A more careful scrutiny of detuls howeser especrtlly
of the degree of such tctivity per unit of weight mduced exch of them m turn 10 1pply
further methods of purification  with the result that the erystaihne salt proved m
the one c1se to be 1 perolonate of lysine wd an the other a double pierite of
potasum od crerumne To cach of these salts both the actwe principles had
ndhered with an stomshing tenacity evidently only 1n traces  but these had been
sufficient to endow the erystals with such musleading tctnaty I am accordmgly 1
httle disposed to doubt whether we ean safely asseme that even what seems to be an
electrophoreticilly uniform protem from the fresh glind substance mught not rethn
sufficient of these obstinately clinging polypeptides by mere physical adhesion to
create the impression of a single mulinalent macromolecalar hormone I am very
much hoping that Professor Fromageot 15 going to throw some further hight on this
question for us The really ymportant question for the physnwologist however s
whether these active substances ¢ be sepuritely reletsed from the buing fobe
response to the appropriate stimult or must alwavs be shed mto the ereulation to
gether s P of the d macromolecule Teleology of course would
strongly favour the probability of separate release in response to speaific needs but
teleology 1 1 dangerous quide and as Starhng once sud 10 me one must Adways
suspect Nature of settng booby traps
And then we shall certamly have discussion—and I fook forward to the opportun
1ty of learming much from st——concerning the reltion between the neurohy pophysis
with sts specific hormone or hormones and the nucles sn particular the suprioptic
and parwventnicular nuclet of the hypothalamus This aspect of our subject seems
0 me to hive a very specal witerest on ccount of the suggestion which seems to
emerge from the evidence of 1 relation which 5o far as T know 15 the first of 1ts
kind to be recogmized i any endocrine system of the higher vertebrates I know that
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I am not going to revive the details of 1 controversy, in which my Iate colleague
Harold Dudley and I found oursclves most unwillingly mvolved with a very greatly
revered old friend of mine, the late Professor Abel Ionly wish to emphasize the fact
that our own experiments were concerned throughout with one himited question,
namely, whether the different actnyities of the ordinary, boued extract of the postersor
lobe substince were due to one common active prmeiple, as several of us had earlier
supposcd, or to at least two different principles, responsible for different features of
the complex activaty Dudley (1919) made what seemed to me an unquestionable,
though mncomplete sepiration of the oxytocic from the vasopressor constituent
using 1 method of continuous extraction from the weakly acid watery extract with
2 partially miscible, neutral solvent, normal butyl alcohol The method, indeed ws
stmilar 10 prinaiple so that with which du Vigneaud and his team, durmg years still
quite recent have eventunlly achieved so complete 1nd astomishing  success It will
be remembered also that, n the intervening period, hamm 1nd Aldrich nd their
co worhers (1928), 1 the laboratories of Parke Davis and Company had worked
out 1 method for separating these two prmeiples on 1 manufacturing scale, so that
they could be offered for general use 1n separate solutions, with activities sufficiently
pure for practical, therapeutic purposes And now of course the brilliant success
of du Vignenud and his team has settled this question of one or two 1ctive principles
m the extract, beyond all further discussion Using the modern resources of counter
current distribution and chromatography, they have succeeded beyond all expectt
tion, not only in 1solating both the oxytocic and the vasopressor principle, each in 1
state of sufficient punty to enable them to determme completely 1ts complex cyclo
polypeptide constitution  but even 1n confirning that of the oxytocrc principle by
aruficial synthesis It 1s a disappaintment to us all that Professor du Vigneaud has
not been able to come over and Join us 1n this symposium  We should all have wel
comed the opportunity of expressing to him directly our very great admurition for 1
truly astonishing achievement The work of Professor van Dyke and others who have
given their co operation mn physiological experiments, llows us I thinh, further to
accept, as now also beyond the need for discussion the fact that the mamn oxytocic
action and the galactogogtc action of the extract are both due to one of the two sub
stances and that the pressor and antidiuretic actions are both due to the other which
lso has mtrmsically not from 1mpertect separation 1 tmnor oxytocic activty of its
own There wre probably other points of mterest about these two active substances
about which we m1y hope to hear 1 our discussions Some years ago Professor
Heller (193¢) produced evidence, which scemed to show that the pressor activity of
an extract from the neurohypophysts ws less stable to heating at any reaction than
the antidiuretic activity, and that a preparation could even be obtained which had
no pressor but retamed some inndwretic actiity A difference of sensitiveness
between the two types of reaction may be mvolved but I have wondered of possibly
the ammo acid structure of the natural pressor antidiuretic principle might undergo
a minor change 1mvolving an unequal loss of the two types of actvity and whether
the constitution of this hormone might even undergo some change in the gland during
y to maturity Du Vigneaud and lus tcam have already dis
difference between the constitution of the vasopressin from the
and perhaps somebody may be

growth from nfanc
covered an important
bovine and of that from the porcme posterior lobe,
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and possibly, other classes of invertebrates And I think that I need not further
emphasize the relief which these recent developments offer, from the embarrassments
experienced by earlier workers and from the unprofitable diversions of experiment
and speculation which were caused by their efforts to evade what they regarded as
an ncomptibility—an assumed incompatibility between n essentially nervous
structure and a content of substinces with activities so mntense and so specific, that
1t was difficult not to credit them with sumportant functions s hormones
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the orgamizers of the symposium had been hoping that we should have wath us some
of the American colleagues, such as Professor Scharrer and Dr Bodran, who have
made such 1mportant contnibutions to this chapter of our subject, but who to our
regret have not been able to come Fortunately we have with us, n Professor
Bargmann of Kiel and Professor Hanstrom of Lund, mvestigators who have been
among the pioneers in the exploration, 1n different directions of this rapidly opening
field of knowledge So frr as [ 1m aware there 13 no other mstance yet known m the
endocrine systems of higher vertebrates, m which not only the output of a hormone
from 1n endocrine glind but nlso 1ts production and mamntenance there are under
such complete 1nd 1mmediate nervous control, as seems undoubtedly to exist 1n this
case The severance of the nervous connexion, between the neural lobe and the
hypothalamic nucler leads to the disippearance of the hormones from the lobe
within 1 few days Ihere have, further been most suggestive descriptions of a
specifically staiming material, sheathung the endings mn the lobe of the axons from the
cells of the hypothalamic nucler which form indeed so large a constituent of 1ts
fabrie, and we shall hear I think that material with the same staining propertres
has been traced along the whole course of these axonal fibres, nght back to the nerve
cells of the hypothalamic nucler m which they orgmate I hope that 1t 1s not too
fantastic to find 1n the relition thus suggested, an 1nalogy not too remote to the
case of the ordinary cfferent nerve fibres as found mn the peripheral nervous svstem
I think that we can now tahe 1t to be accepted that the effects of impulses 1n these
fibres 1re transmutted to the effector cells i close contiguity with which they have
their endings by the release from those endings of one or another specific transmrtter
substance accumulated there mndeed mn readimess for such release, but traceable
also mn minor amounts along the whole course of such fibres, back to the nerve cells
m which they originate And, here again the transmutter disappears n a few days
and completely, from any part of such a fibre including the depot 1t ats ending when
1t 15 separated by section from 1ts nerve cell of ongim And, 1f we can accept the
suggested method of the formation m-untenance and release of the neurohy pophysial
hormones as also dependent on 1 maintamed continuty with the cells of the hypo
thalamic nucler we seem to have at least a suggestive analogy with these peripheral
nerve fibres and their specific transmutters with the very important difference, of
course, that the spectfically sumulating substances released from the endings of the
nerve fibres in the neurohypophysis do not act as immediate transmitters of the
effects of nerve impulses to contiguous effector cells or secondary neurones but 15
hormones carried 1n the blood stream to the plam muscle and epithchal cells of
distant organs on which they then produce at thislong range their specific stimulat
g effects

I have already stated that so far as T am aware this 1s the only case which has yet
been discovered mn the higher vertebrates and especially 1n the Mammaha, from
which so large 1 part of the evidence has been obtained, 1n which substances with a
truly hormon-l function have been found to be thus produced by es entially nervous
structures Apart however from certain mechamsms for controlling the 1ctivities of
chromatophores in some cold blooded vertebrates I expect that Professor Hanstmxln
will be grving us an account of some at least of the now numerous examples ava
able of suggestively analogous neuro hormonal m m nsects Cr
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AT the turn of the century, the npphcation of a varety of histological techniques
revealed the most important structural elements 1n the posterior lobe of the hypo
physis Thus n 1894, Cjal (1911) noted that fine nerve fibres were remarhably
abundant in the postertor prtuitary he clumed that these fibres had therr orgin in
A group of cells situtted belund the optic chiasma

He reported the presence of other cells which he did not ident:fy embedded 1n the
plexus formed by these nerve fibres cells which later workers htve nterpreted ns
glial cells The capillanes of the neurohypophysis with therr associated argyrophal
connective tissue form a third and essential component of the gland These were not
described until some twenty years after Gajal s oniginal paper

At that time 1t was impossible to make any reasonable funcuonal mnterpretation of
the so called pars nervosa Neither chinical nor experimental observations pomted
unequivocally towards any specific role for the neurohypophysis that 15 towards
any role which could account for the abundance of nerve fibres and ghal tissue 1t
contained This 1s not to sy of course that there were not clums that substances
extracted from the posterior pituitary of certain amimals had specific humoral
properties capable of causing for example an elevation of the blood pressure At
this stage Biedl (1913) made animportant point namely thatat s extremely difficult
to make a complete separatton of the pars nervost from the pars intermedia 1n such
a way as to be quite certaun that the posterior pituitary tissue 1s completely free of
epithelial cells Workers m this new field of endocrine research were mchined to focus
thewr ttention on epithelial rather than on nervous tissues since at that time at the
beginming of the century all the organs of known endocrine activity were epithehial
1n structure and we can thus readilv understand why Biedl (1913) m his standard
work on the endocrine system left open the question of the function of the posterior
lobe although he was ready to include the anterior lobe and pars intermedia of the
piturtary among the endocrine organs

However the morphological myvestigation of the neurohy pophysis received a new
stimulus when 1t was shown that Biedls clasaification was untenable and that the
posterior pitmitary had indeed a specific endocrine function

Thus was first established by Getling and his co workers (1937} who studied animals
mn which the pitwrtary lacks a pars mtermedia and i which a conrrectiy ¢ tissue septum
separates the adenohypophysis from the neurohypophysis From the posterior
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We must bear in mnd 1t this pomnt that the recognition of hormone 1n a tissue
culture 15 no proofin 1tself of the formation of hormone by that tissue 1t could merely
indicate the persistence in that tissue of a store of hormone

Now Geiling & 1 ewis (1935) made therr mvestigation on cultures at their most
stx days old Huld {1954} has been able to show that hormone contamed 1n tissue
cultures from the mammalian posterior pituitary disappears within ten days and that
followmng this no hormone 15 elaborated by piuicytes mn spite of the fact that they
remain vinble Further, no active substance can be extracted from explanted posterior
pitutary 1f taken from an ammal m which the postenior pitwmitary has been depleted
of hormone by physiological means Hild claims also that the morphological be
haviour of pituicytes 1 oatro suggests that these cells are not secretory cells but rather
are protopiasmic astrocytes modified by their situauon

In short we must regard the nerves of the posterior prtwitary as the source of the
posterior prtustary hormones, as Gaupp (1941) among many others has insuisted on

These nerves form a thick network composed of fine unmyehinated fibres which in
silver preparations are remarkable for their numerous nodular thickenings In the
viemity of blood vessels these fibres form a particularly fine meshed plexus Their
endings clearlv do not form synapses with pituicvtes as they should do, if the m
nervation of pituicy tes were necessary for their secretory activity To understand the
function of these fibres we must consider their ongin We have to take mto account
axons the cell bodies of which are, 1 part ganglon cells 1n the nucle: of the tuber
cmereum but the majonity of nerve fibres in the postenor pitwitary are derned
from the cells of the supraoptic and paraventricular nucler By and large therefore
we can look upon these fibres as the termunations of the supraoptico hypophysal tract
These cells have 1n their cytoplasm granules or droplets of a collordal substance
winch can be regarded as neurosecretory matenial The secretory function of the
nenve cells was first recogmized by E Scharrer and his co workers (19544 5) butonly
mn the proximal part of the neurosecretory pathway Now however 1t 1s possible to
demonstrate this neurosecretory matenal n the entire distnbution of the supra
optico hypophystal tract, from the nuclear region (Plates 1 n and m) to where the
fibres fan out 1n the postenor pitwitary (Plate 1) This has been achieved by a
vanetv of stumng and histochemical techmque which selectively demonstrate
neurosecretory substance within the neuroplasm, namely the chrome alum
haematoxylin techmque (Bargmann 1949) the paraldehyde fuchsin techmique
(Gabe 1953 Dawson 1952) the thwoglyeollate fernc ferrcyamde reacton for
cystine \Sloper 1g55) and the performic aad Alaan blue reaction for cystne
{Stoper & Adams 1955) (Plate v) With these methods one can see that the coltoid
droplets called Herring bodies which were once thought to lie free 1n the posterior
pitwitary aren fact swellings on neurosecretory fibres (Plate vi\ Apart from them
we find everywhere fibres characterized by smalfer thickenings, that1s beaded fibres
resembling stnings of pearls We also find granules and droplets of secretion which are
{ree m the 1 space of the hy pophysts and which are not apparently
related to nerve fibres
As for the manner 1n which neurosecretory products are released mto the blood
stream 1t 13 not yet clear whether they normally pass 1nto the capillanes of the
posterior pituitary (Plate vir) in the manner suggested by Hanstrom (1952) 1nd others
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pitwitaries of these ammals thesc workers were able to extract oxytocin and vaso
pressin It cannot for a moment be supposed that these extracts were derived from
adenohy pophysial tissue Oldham's (1938) obsersations are equally unequriocal
She studied Dagpus, an ammal i which the posterior pitwitary 1s sharply divided
from the adenohypophysis, and she found that the posterior pitmtary contained
antidiuretic s well s pressor and oxytocic activity

These observations indicated that the neurohypophysis had a speaific hormonal
function The question arose as to which structural elements were responsible for the
production of the hormones In answer to this question we can say that neither the
ghl cells of the posterior piturtary nor 1ts nerve fibres, nor both together, represent
the site of formation of the three posterior piturtary activities

The problem has been nvestigated 1 a number of ways m particular with the
aid of tissue culture There have at the same time been further morphological studies
which have amplified the original findings of Cajal

Now, first, with regard to the gltal cells of the neurohypophysis Bucy (1932), who
named these cells pituicytes, put forward the theory that they were responsible for
the formation of the posterior pituttary hormones Therr secretory activity was
corroborated according to Griffiths (1940), by the observations of Geiling & Lewis
(1935} who found vasopressin mn tissue cultures of the posterior piturtary of the
mouse These observations were confirmed by Andersson & Haymaher (1935)
Gniffiths held that 1n such explants of postertor pituttary tissue the nerve fibres had
degenerated and therefore, by exclusion, only the pituicytes could be regarded as the
source of the posterior pituttary hormones Romess (1940) endorsed this view He
stressed the presence of foamy vacuolation of karyorrhexis and of karyolysis, which
histological changes he regarded as evidence of holocrine secretion Independently
Gersh (1939) had also described what he termed glandular cells n the neuro
hypophysis of the rat, which were filled with granules and which he held to be the
site of formation of antidiuretic hormone Indeed I myself believed in the secretory
nature of these ghal cells for therr nucler contun large spherical inclusions which I
nterpreted as evidence of a secretory function

The nerve fibres which run between the diencephalon and the neural lobe were
held by Gersh (1940) to regulate the release of the antidiuretic hormone In thss
respect Gersh » views are 1n accord with those put forward by Ranson (1938 1939)
and lus school These workers studicd the deselopment of expermental dibetes
msipidus following the interruption of the supraoptico hypophystal tract They
Attributed this condition to the destruction of the secretomotor mnervation of the
prturcytes

However, as Hild (1954) has recently noted there 1s one difficulty iherent 1n any
attempt to combine Ranson s hypothesis with the views put forward by Griffiths,
Gersh and other workers According to Ranson, mterference with the secretomotor
nnervation of the pituicytes leads to the cessation of hormone production Gnffiths
on the other hand held that the prtuicytes i tissue culture had an intrnsic secretory
actwvity, and stressed the face that the supposed secretomotor fibres 1n such explants
were no longer viable In view of these difficulties 1t seemed ymportant to repeat the
older tissue culture expeniments so 15 to make a critical apprasal of this problem of

hormone production i viro
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In 2 prepirition stained to demonstrate neurosecretors matertal 1t can be shown
that the neural lobe contams much more of this substance than any other part of the
neurosecretory pathw 1y This suggests that the postertor pitustary <tores the matenl
A pomnt much 1n favour of this view 15 that one can virtually empty the pstintary of
neurosecretory substance i 1 wide variety of ways, for example by dehydraton,
(Ortmann, 1951}, 1drenalectomy (Fichner 1953) or stress With return to a normat
Allowance of drinhing water fter dehydration the posterior pituitary fills once more
with neurosecretory substance In Hild & Zetler s (1953) expermments this was shown
to t1ke some days

Such observations rasc a number of interesting problems First how does neuro
secretory materi?l 1ccumulate mn the neurohy pophysss? Secondly, where does this
roterind come from? and thirdly, what s ats functional significance®

There 1s a goad denl of evidence to suggest that neurosecretory substance 1s formed
m the suprioptic wnd prraventricular nucler and 1 transported down the neuro
secretory pithwy thesuprioptico bty pophysial trict tosts depotorgan the postertor
piturtary  The s1me 1ppears to be the case 1n mvertebrates for eximple m the
intercerebral corpus allitum system of msects and n the X organ sinus gland
system sn the eyestalh of Grustacea (Berta Scharrer 151 19522 19526 1952¢ 19524
B & L bcharrer 1944 195¢ Hinstrom 1953) Further in a lhrge number of
sertebrates from mimmals down to Amphibia operatwve interference with the
neurosecrctory prthway leads to the proximnl iccumulation of neurosecretors
substtnce 1nd to a dimrmution in the amount of this maternal in the posterior
prtuitary A similar accumulation has been observed in the human preurtary stalh
by Muller (1955) followimng compresston of the mfundibul by a ma
and by Sloper (19;5) following hypophysectomy for the rchef of mahgnant
discase Tinally 1t 1s of nterest that Hild (1954) has observed and filmed n tissue
culture the transport of granules in 1 distal direction down the axones of liing supra
optic cells mn the dog A point which presents some difficulty 15 that in the developing
foetus stainable neurosceretory material 1s first demonstrable not 1 the supraoptic
and pirnentriculir nucler but 1n the neurohypophysis This observation does not
in my opmion weaken the theory of the trinsport of neurosecretory substmnce For
1t seems to me that the granules of neurosecretion probably require an mmtral perrod
of maturation only after which they become vistble in the light micros ope

It 1s difficult to be dogmauc about the chemucal nature of neurosecretory materiil
schiebler (1951 1952) supposed it on histochemical grounds to be 1 glycolipo
protein complex Brrnett & Seligman (1954) with therr dihydrovyl dinaphtiyl
disulphtde reaction observed that 1t was rich in cystne 4 point made independently
by Sloper (195%) with the thioglycollate ferricy mde reaction For this and other
reasons these workers clum thit the neurosccretory substance 1s essentially 1 protemn
The supposedly high content of cystine 1 this substance 15 of some mterest 1n view
of the fact that posterior pituttary extricts tre also very rich m cystine

This brings me to the question of the functional sigmificance of neurosecretory
material Whether we regard this material as representung the posterior pituitary
hormones themselves or as the carrier substance for these hormones 1t 1s clearly
necessary to prove that there 1s 1 close relationship between the two thatis between
what we cn sfam 1nd what we can extract. This of course requires that oxytocin
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Relationshsp between neurohypophysial structure and function

vasopressinandantiduretic hormone can be found not only in the posterior pituitary,
but also throughout the whole neurosecretory pathway from the nuclear region to the
neural lobe

In this connexion we must recall the invesugations made long ago by Trendelen-
burg (1928), and Sato (1928) and Melville & Hare (1945) concerming the presence of
posterior pituitary hormones 1n the hypothalamus These mvestigations were based
on matenal the exact source of which in the bram 1s rather obscure However
Hild & Zetler (1951) made extracts from pieces of brain which contamned httle
nssue save the ganglion cells of the supraoptic and paraventricular nucler and fibres
of the supraoptico hypophysial tract These extracts contamed matenal with
oxytocrc antidretic and vasopressor activity as shown by the customary methods
of biological assay On the other hand extracts made from neighbouring bramn tssue
which contamed no neurosecretory material were mactive Further there was a
direct relationship betw een the amount of neurosecretory substance and the biological
activaty of the tissue This was found to apply also to the accumulations of neuro
secretory matenial which as I have already noted are to be found above the cut end

*of the pitustary stalk, for the hormone content m such regions 1s higher than would

normally be in extracts made from these regions It s of interest too that compara
tve studies have established a relationship between the amounts of neurosecretory
matenal and the amounts of the hormones 1n the diencephalon of the dog pig and
man (Hild & Zetler, 1952) Thus the dog 1s rich in neurosecretory substance and a
large amount of hormone can be extracted compared with man in whom both the
amounts of neurosecretory substance and hormones are low

Agam, Hellers, (Heller 1947 Heller & Zams 1g949) observation, that the
posterior pitwitary of the newborn contains only a small amount of antdiuretic
hormone has 1ts histological equivalent 1n the scantiness of the amount of neuro
secretory matertal which can be demonstrated in this organ shortly after birth We
must not forget, too the many and repeated experiments in which 1t has been shown
that dehydration 1s is d by the disappearance of etory matertal
from the posterior piturtary It 1s reasonable to correlate this with the observation
that there 15 a fall 1n the amount of vasopressmm which can be extracted from the
posterior prtuitary after dehydration (Ortmann 1955 Leveque & Scharrer 1953)
Finally I must refer to the duminution m the amount of neurosecretory material
which accompanies lactation This observation may be connected with the release
of the mulk let down factor thats perhaps with the secretion of oxytocn (Stutinsky
1953 Malandra 19,5-56) Recently Vogt (1g53) has raised the interesting question
as to whether the hormone content of the material secreted 1n the hypothalamus
alters 1 1ts composition dunng 1ts transport to the neurohypophysis This 15 of
course primanly a pharmacologrcal rather than morphological problem Her own
1dea 15 that oxytoan which 1s only present mn scanty amounts 1n the hypothalamus
1s either formed during the passage of this matenal down the supraoptico hypo
phystal tract or else that 1t 1s first formed 1n the posterior pituntary where 1t 1s added
to the matenial formed 1n the hypothalamus

To sum up 1t seems reasonable to regard the neurosecretory neurons n the hypo
thalamus as responsible for the formation of adwretin oxytocin and vasopressin
while the terminations of these neurons 1n the posterior prtuitary may be regarded
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as the site of hormone release The distribution of these nerve endings i the prtuitary
of the opossum conforms extremely well with this conception m this animal, as
Bodian (1951) noted the posterior pituitary shows a remarkable accumulation of
neurosecretory material within the rod hike nerve endings (pahsade zone) at the
periphery of the neurchypophysial lobules

Hormone can be rapidly released from the posterior lobe that 1s, 1 a matter of
mnutes This was well demonstrated by Verney s (1947, 1948) elegant experiments
in the dog He showed that variations 1 the osmotic pressure of blood reaching the
head were followed by the rapid release of adwretin from the posterior pitustary

Verney s experiments imply the immediate simulation of the neurosccretory cells
i the hypothalamus by these sarnations 1n osmotic pressure, and 1n this respect the
remarkably close contact between these cells and their capillaries may be significant,
his experiments also 1mply the transference of an inpulse down the supraoptico
hypophysial tract to 1ts endings 1 the postenior prtuitary We do not know whether
the pituicy tes participate 1n the release of hormone from these endings From studies
made with the electron microscope by Palay (1955) the capillares of the posterior
pituitary seem to be well adapted for the transfer of material through their walls®
for their endothelum contains submicroscopic pores, which until now have only
been described in the capillaries of the renal glomerulus

Tinally Ifeel that for the sake of completeness I must briefly mention the part
played by the supraoptico hypophysil tract in the innervation of the pars mtermedia
and the pars tuberalis Neurosecretory fibres do undoubtedly enter the parsintermedia
anorgan mdeed which 1s rich 1n glial tissue This applies particularly to fishes but
also to some mammals As a result 1t 1s impossible to make a sharp distinction be
tween the pars intermedia and the neurohypophysis Neurosecretory fibres also come
into contact with the special vessels of the pituitary stalk, from which the blood passes
mto the pars tuberalis Occasionally such fibres can be seen to cross over mnto the
pars tuberalis

These observations lead one to suppose that the hormones formed 1n the supra
optic and paraventricular nucler may have some influence on the pars mtermedia
and also perhaps on the pars distalis This seems to me to be 1n mteresting and pro
fitsble subject for future rescarch Such problems certamnly make 1t only too clear
that the structure and the function of the neurohypophysis 1re considerably more
complicated than we used (o suppose
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Bargmann [ remember only Hild & Zetler s (PfTugers Arch ges Physiol 257,169 1953)
experiments 1n the dog

Dale Do you know whether this stainable material represents one hormone alone
or whether 1t 15 1 substance with all the 1ctivities?

Bargmanr 1 want to be very careful 2bout this I think that the substance we can see
1s a carrier

wan Dyke T think that one such invesugaton has been done by Simon (dmer 7
Physiol 107 220 1934) or by Simon & Kardos (Arch exp Path Pharmat 176, 238
1934) They found that after prolonged deprvation of water there was decretse
both hormones These observations were made in rats

Jewell Professor Bargmann did mention that during lactation 1t has been shown that
there was a depletion of stamable neurosecretory matersal Has there been any
differentintion between the paraventricular and supraoptic nucleus in this regard?
Does 1t disappear from both?

Bargmann Theresults werevery vanable Sometimes 1t appeared that the supraoptic
nucleus contammed more of the matenal than the paraventncular and vice versa
There are comments by Malandra ({ Zellforsch 43 594 1956) on this point

Heller You mentioned the interesting expertments of Marthe Vogt I don t know
whether you remember that on her suggestion the ratio of oxytocic to vasopressor
actiity has also been investigated in other specics by Schlichtegroll (Matunets
senschaften 41 188 1954) He found thatn the cat hypothalamus the ratio was one to
one showing that the ratio does vary sigmficantly from species to species

Bargmann The situation 1s very difficult we used only the dog and we need more
nvestigations on other species

Field In some speaies the globules which are stainable by the Gomon stamn are so
very large that 1t 1s very difficult to see how they would pass down the axons Also
m the dog one finds some nerve cells 1n the supraoptic nucleus that are so distended
that they are virtually signet ning cells

Bargmann They seem to me to be cells in a state of degeneration Occasionally 1
have seen very small and karyolytic nucler which are like the vesicles which Verney
described as osmoreceptors They are swollen ganglonic cells Concerming the huge
droplets mentioned 1 have not seen such mclusions 1n the dog but they have been
seen m birds I cannot see how these huge particles could move down to the stalk
but we must consider the possibility that 1n some species hormones may be released
from the stainable matenal 1nto the capillanies of the nucler or that they may be
transported to the third ventricle I do not believe we should draw general con

clusions from the findings 1n the dog the cat and the human being The situation m
birds seems to be quite different

Fromageot With reference to the matenal which takes the Gomon stan we have
observed that the van Dyke protemn both 1n 1ts active form and free of the oxytocic
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Charrman  Str Henry Dale

Dale Might I put one question to Professor Bargmann? Has¢ any expeniments been
done to show whether water deprivation which robs the neural Iobe of 1ts specifically
stamnable material deprived 1t only of the antidretic vasopressor prnaple or
whether the oxytocic principle goes with 1t too?
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hypothalamic nucler and I wonder 1f 1t 1s possible that dehydrition as well as stress
~ct by stimulition of the adrenal cortex Have you studied the effects of cortisone”

Bargmann We have no experience with cortisone We can see depletion of the neural
lobe After total adrenalectomy and you will also see 1t 1f you give a rat punful
stimuli

Hanstrom There are some points in which my investigations on the mammahan
pitwtary disagree with those of Professor Bargmann 1 have found like Professor
Bargmann that Gomon stuned fibres may end within the pars intermedia but 1n
my expenence these fibres are very rare wnd can probably be regarded as fibres which
have gone astray There 1s another point which must be t then into constderation 1t1s
that several mammals have no pars mtermedia In whales and elephants there 15
mstead of the pars mtermedia a thick membrane of connective tissue between the
neural and the distal lobe which must prevent hormones from the posterior lobe
from reaching the anterior one The only connexion between these lobes 1s through
the eminentia medtana (infundibulum) and the pars tuberalis by means of the portal
vessels

Bargmann 1 agree entirely with Professor Hanstrom but I said 1n some mammals In
the opossum for instance there 1s a very thin intermediate lobe and you cannot sce
1ny connexion with the neural lobe As you know this 15 a lobulated posterior pitunt
ary and there 1s no connexion between the two parts but m some species 1t 1 very
remarkable how the two parts are connected In the golden hamster you can very
often see neurosecretory fibres within the intermediary lobe

Rodeck Last year I had the good fortune to spend six months tn Professor Bargmann s
Institute 1n Kael where I was able to study neurosecretion 1n human foetuses 1n
newborn babies and 1n young mfants Very young infants need a remarkably high
quantity of flurd which 1n a single day may amount to about one sixth or one fifth of
their body weight If a grown up person drank the equivalent volume of hquid, he
would undoubtedly suffer from drabetes msipidus  Hitherto the so called physio
logical drabetes msipidus of the newborn child or voung infant has usually been
attributed to immatunty of the kidney The question 15 whether the regulatory
system in the hypothalamus and the hypophysis which 1s responsible for the
facultative reabsorption m the distal tubules 15 fully developed or whether this
mechinism matures only gradually during the first year of life as does the kidney We
have mvestigated the whole neurosecretory system (nucleus supraopticus nucleus
paraventricalarss tractus supraoptico hypophyseus and the neural lobe) m 121
rats .1 gunea pigs 28 dogs and 18 human foetuses newborn infants and children
m all stages of hfe It could be shown that the neurosecretory and hormone
producing system 1s not fully differentiated at the time of birth The majonty of the
ganghon cells do not show a noticeable development of cytoplasm The neuro
hypophysis also does not contamn neurosecretory material at the time of birth A
normal production of neurosecretory material 1s seen ouly after several months of
post natal bfe These findings are 1n accordance with the observations of Heller &
Zamms (F Physwol (Lond Y109 162 1949) who found that the neurohypophysts of new
born children and young nfants contaned only a fraction of antidiuretsc vasopressor
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and vasopressor peptides gives this reaction But we do not know what this fact his
to do with the chemical constitution of this molecule

wan Dyke I was interested n what Professor Bargmann had to say a2bout the nature of
the neurosecretory substance I think that Hild (K Anat EntuGesch 115, 459, 1951)
maintained that this substance 1s a carrier and that he could extract this carrier and
leave the hormones mtact In respect of the protem to which Professor Fromageot
referred, the only view I hold todny 1s that 1t may be a storage form of the hormones
m the ox gland which I believe 15 the only one in which 1t has been muestigated [
think that 1t 15 hazardous to draw conclusions as to whether 1t 15 released and mn what
form the hormoncs are released A protein lthe the one 1solated by us seems to explain
the first cxperiments of Rosenfeld (Bull Johns Hopk Hosp 66, 398, 1940) who made
simple extracts and found that the hormones sedimented as though parts of a protemn
and that the actrve matenials could be liberated by mild treatment with heat i a
werkly aad medum

These findings do support the view that 1t may be the storage form of the hormone
m the ox gland One always has to take into account the possibility of adsorption as
pointed out by Sir Henry Dale

Dale This storage form of the hormone gives the vasopressor and the oxytocic actions
Does 1t also give the melanophore expanding action?

zan Dyke No, I think that was one of the great pleasures of investigation that the
protemn contamning the activities was virtually free of the hormone affecting melino
phores

Croxatto 'What 15 the basis for the belief that there are three different substances in
the hypothalamus, namely vasopressin adiuretin and oxytocin?

Bargmann When 1 spoke of three I meant the three different activities tested m the
experimental ammals The problem whether they should be attributed to three
substances 15 a pharmacological one

Dale Professor van Dyke and other people who have worked with the du Vigneaud
pure peptides, tells us that vasopressin 1nd antidretin are the same substance, and
that oxytocin and the milk ejecting principle are another

Pickford 1 would like to ask Professor Bargmann s opimon of things that one docs see
m ammals which have had diabetes insipidus for a long time When we stain the
hypothalamus afterwards 1n the areas where the nerve fibres are, we see bunches of
black granules rather like bunches of grapes Are these nerve fibres which have pro

duced so much material that they cannot pass 1t on to the posterior lobe and hive
burst and distributed this matenal? That 1s what 1t looks Iike

Bargmann To answer this question 1t would be necessary to see your shides

Noble T believe you said that other forms of stress produce a picture simlar to that
m which you showed depletion of the gland This brings to mind the finding of the
Calhforman group of workers (Castor Baker, Ingle & It Proc Soc exp Biol, (N'1)
%6 353 1951) who showed that cortisone apparently produces changes m the
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The comparative aspect of neurosecrefron with
special reference to the hypothalamo-hypophysial
system
by

BERTIL HANSTROM

Zovlogieal Inststute 1 ntwersy of Lund

Tue hypothesis that nerve cells produce a secrenon with functions which are not
associated wath the tr of nersous ises was for several years regarded
as suspect by many biologists However imestigations in the fist place by E

Scharrer m 1928 and later by an ever growmng number of scientists has proved with

out doubt that such neurosecretory material exwsts and that it differs in several ways
from the bumoral sub (acetylchol noradrenaling) which serve the trans

mussion of pertpheral nervous impulses It 1s produced 1n considerable amounts st can
be stained by several histological methods and 1t 15 related to hormonal reactions m
organs which may be situated far from the site where the neurosecretory matenal s
released nto the orculation

WORMS AND MOLLUSCS

Neurosecretory cells have been detected i all groups of animals except the Iowest
class of invertebrates which possess a nenvous systemn viz the coelenterates But there
are some reasons to beheve that neurosecretion occurs tm as primutive forms as
planartans In segmented worms (polychaetes earthworms) conspicuouns signs of
neurosecretory activity within numerous cell groups 1n the bram and the ventral
nenve chord have been detected 1n the shape of v acuoles and bnghily stainmg drop
lets Some of these cells appear to produce a growth factor which 15 active m the
regeneration of the antenor segments of the body others seem to be concerned wath
reproduction F<tracts from the bram of earthworms increase the frequency of
mtestinal movements whie a decrease of the frequency s caunsed by extracts from
the ventral gangha  The braw of some polychactes produces an mnintory hormone
which regulates reproducnion and prevents a precocious transformation of Nerers
into the sexually mature form

In malluses two neuroglandular organs occur 1 cephalopods the subped: )}
gland and the epistellar body and clusters of neurosecretory cells have becn detected
m several speaies of other molluscs {pro.obranchs opistobranchs bnahves) How
ever ther function 1§ 1n most cases unknown In some species a relation to the re
productory cycle ts suggested and in others a chromatophorotropic action which
was shown 1 spectes different from that of the donors Moreover the nervous system
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and oxytocic activty of the adult Thus, during the time of neonatal deselopment
the regulatory system (the neurohypophysis) and the effector organ (kidney) are m
wonderfully complete hirmony The matunity of the regulatory system corresponds
always to that of the effector organ

Heller T am of course very interested m Dr Rodeck s results which agree very well
with our findings However I should like to stress that the small amounts of anti
duuretic activity that we found 1n newborn rats and 1n human infants may not be
maignificant functionally Significance can only be judged 1n terms of ease of libera
tion and the mmmum effective dose on the kidney Even comparatively small
amounts stored 1n the gland of newborns may thus be important

Dale Did Dr Rodeck represent you correctly m saying that the oxytocint content
was also very small?

Heller Yes per mg neurohypophystal tissue, the glands of mfnts contamed much
less oxytocic activity than those of adults

Sloper With reference to Dr Rodeck s observations 1t 15 of mterest that the newborn
seal 15 far advanced 1n the matter of hypothalamic neurosecretion The amount of
neurosecretory material present m the hypothalmus matches with that of a two

month old dog 1n Dr Rodeck s series

Dale Perhaps the scal has not the common need to concentrate his urine?

Sloper 1 don t know much about that Sir Can the seal drink sea water?
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Plate t

Le ng tudinal sectian of the eyestalk of a shrump with the eye to the left the nerous mass in
the centre and the X-organ () ventrally

Plate nt

Sac I ke sinus gland of 2 shnmp Tts wall consists ch efly of the
swollen nerv erdings of the X cells and ather neu  secretory
cells (secalso F g 1)
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of Buccinum and the hearts of Bucctnum, Pecten and AMyilus contam a cardio mhibitory
substance, resembhing acetylcholine in 1ts 1ction on the heart of Buccinum, and also 1
cardio excitatory substance whose action on the heart resembles 5 hy droxytry ptamine
(Welsh, 1956)

In most of these wstances of neurosecretory actrsity mn lower insertebrates, the
cells which perform this actisity, appear to possess the shape of ordinary nerve cells
They have dendntes and 1n axon and form 2 hink 1n 1 cham of neurons or tnersate
effector organs (1 muscle or 1 gland) The neurosecretory product has been observed
not only in the cell plasm but 1lso in the axons and mgration of the secretors
materiil along the avons has been occasionally demonstrated n polychaetes In
rddiion 1n some polychctes (nereids and nephiyids) aecording to Clark (1g,6) an
axon tract 1n the bram runs to a connective tissue sheath at 1ts base where 1t and the
penicapsular membrane come to have an inttmate connexion with 1 blood plexus
and where the neurosecretory matenal can be found accumulated on either side of
the sheath and around the blood vessels This suggests that i ths case the neuro
secretory nerve fibres end blindly 1 ¢ that they do not form 1 link i 1 ncuron chamn
but deliver the neurosecretory substance from the axon endmngs directly mnto the
blood

In a single case in molluscs too Lermche s (1955) observations suggest the presence
of the first differentiation of the neurosecretory apparatus mnto two morphological
subdivsions (1) the central neurosecretory cell group, and (2) a separate storage
organ This differentiation has been found in all the more closely mvestigated
complex neurchormonal systems in hugher invertebrates

CRUSTACEANS

The simplest type of a storage orgin mn arthropeds (if 1t actually deserves this
designation) 1s the so called neurohaemal organ in crustaceans (Crrlisle & Rnowles,
1953) which consists of limellae of neuropile like ncurosecretory nerve endings 1n
the pericardium (Alexandrowicz & Carhsle 1953) Some of these nerve endings rise
above the mner surfice of the pericardium and are supposed to release a cardio
accelerating principle (5 hydroxytryptamime) mto the blood, whie 1 cardio
depressant substance 1s produced by nerve cells of the trito cerebral commuscure
Although the nerve cells from which the neurchiemal organs ongmate are still
umdentified therr structure ought to be of the same type s those m nereds ind
nephtyids iz which they run to the connective tissue sheath at the base of the brain
In crustaceans also these axons terminate blindly Thus they neither mnervate 1y
effector organs nor transrut impulses nor form normal hnks 1n 1 neuronal cham

On  still lugher level of differentiation 1s the \ organ smus gland system in
crustaceans Here a group of neurosecretory cells constituting the X orgnn (n a
part of the brun which has migrated mto the eyestalks) send their axons to a clearly
differentiated storige organ, the sinus gland the walls of which consist mainly of the
swollen endings of the neurosecretory axons (Plates 1 and 1) Iske the X organ the
sinus gland 1n hugher crustaceans is situated 1n the eyestalks where it forms part of the
wall of 2 large blood sinus Recent investigations have shown that 1n addrtion to the
X Oran nuUmMerous neurosecretory cell groups within the brain proper send ther
~xons mnto the sinus gland which thus serves mamnly as 2 muluple storage and release
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Plate v

Corpcra allata n a walking sick insect (D ppus} In th s nstance the origina
sac Iike form of the gland s retamed



Plate m

To the left an onginally dark adapted shnmp (Cran on) which g0
munutes previously had been mjected with o 1 ml of a sea water
extract of the head of an msect (Ectobius) to the right a specimen
which 30 minutes previously had been injected with the same amount
of pure filtered sea water The latter caused no change of the celour
whale the extract of the insect head concentrated the p gments of the
left specimen so that 1t became almost pure s b te Both ammal were
on a dark background
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orgn for neurosceretory mnternd {Fig 1) The transport of the neurosecretory
substance from its place of ongn to 1ts plice of storage scems to be by the 1xoplas
matsc current the speed has been determined in supravitad prepetions as tbout
3 mm per dy

Fugure 1

curosecr tory celt groups and paths ays un 2 crab The axons of the \-cells () and several osher
lusters are comnrered 3 sth the smus gland {§) (Aftes Bliss & Vel b 19,2 )

The eustence of two subdivisions of the neurosccretory apparatus i crustaceans
explains several facts of physwological importance Thus the effects of the substance
which 1s stored 1 the sinus gland are 1 part the same as those which can be obtained
by extracts from the X organ Emplants of sinus glands tate ather specimens may be
effectine at least for 1 short penod although complete removal of the gland may
have avery shght or no effect Inaddion removalof the S organ does not cause W
rmmediate deficiency sf the smus gland with wts supply of stored hormones 1s left
antact Experiments done along these hines have proved that an smpresste wray of
hormonal actions are associated with principles which are stored 1n the sinus glands
of crustaceans and produced by neurosecretory cells within different regions of the
nervous mass 1 the eyestalks and the braw proper It 1 probable that different
groups and cytological types of nenrosecretory cells produce different hormones

The study of hormaond mechanisms 11 crustaceans started with mvestigations on
colour change which according to recent results appears to be governed by no less
than three (perhaps five) principles one of which probably sepresents a simple aro
mate amwme (Ostund Fange 1956) Two other principles regulate the adaptation
of the eyes 1o hpht and darkness by means of pigment migranons Al these substances
are denved from the sums gland and the central nervous system The chromato
phorotropic hormones are produced 1n different regions of the central nervous systerm
and accumulate in the snus gland extracts and ymplants of which thus act very
strongly on the chromatophores of the skin In the most beaunfal way and
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Figure 2

Outhne of the brain and the incretory system of the head m msects F frontal ganghon AT

nervus recurrens 8 brain from above with a medal and a lateral group of neurosecretory

cells CC corpora ca diaca surrounding the hypocercbral ganglion (black) €A corpora allata
b ventacular ganglion

Only a few mnsects show a physiological colour change which however appears to
be controlled by hormones produced by neurosecretory cells in the bramn Because of
the connexion between these cells and the corpus cardiacnm  this organ also contains
the pigment activating hormone which, by the way has a very strong effect on
crustacean chromatophores The slow morphological colour adap m locusts
however 1s regulated by a hormone denived from the corpus allatum

The neurosecretory bramn cells the corpora cardiaca, corpora allata and the
prothoracic gland ail partake mn the regulation of the complicated morphological
and histological changes and the sull more comphicated co ordination of chemmcal
reactions by means of enzymes which are mvolved 1n the metamorphoss of msects
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sometimes nstantly, the colour 1s changed to suit the background, according to the
mtensity of light or to the diurnal period (Plate m1)

While only some species of crustaceans show a pronounced physiological colour
change, all of them have to shed their hard exoskeleton to be able to grow Thus a
still more important hormonal function 1n these animals 1s the regulation of moulting
and 1t has been proved that the regulatory substances are neurohormones Most
crustaceans from temperate regions exhibit seasonal moultings, the mtervals of which
are governed by a moult inhibiting hormone produced by the X cells and similar
cells 10 the bram The moult intibitory hormone 15 also stored in the smus gland
Lack of this hormone (after extirpation of the X organ or amputation of the eye
stalks) 1s followed by absorption of calcum from the cuticle ncrease of body water
mcreased oxygen consumption 1nd repeated moulting The hormone appears to be
absent i crustaceans which moult throughout the year In a spectes of shnmp
(Lysmata) which belongs to this group there occurs on the contrary 1 moult
promoting hormone which 1s also produced by cells 1n the brain and the thoracic
ganghon, but which 15 not stored n the sinus gland The primary function of this
hormone seems to be the simulation of 2 moulting gland proper (the gland of Gabe)
which directly starts the preparations for moulting

Like the moult mhibiing hormone another growth inhibiting principle which
acts on the ovaries and the testes, 15 produced by cells of the \ organ and the brain
In spite of this the hormones do not appear to be 1dentical Hormones from the eye
stalks also control the secondary sex characters

In spite of the small size of the \ organ and the seemingly stmple structure of its
cells, 1t produces still another hormone (or more than one hormone) which controls
the caletum  phosphorus and water metabolism In the absence of this metabohic
hormone the blood sugar concentration decreases The factor which 1s responsible
for the regulation of the water balance appears (at least in Careinus) to be distinct
from the prmciples which control moulting and the development of the sexual glands

INSECTS

In msects also neurosecretory cells are numerous and have important functions
They consist of a medial and a lateral group 1n the brain and of other clusters m the
frontal, the suboesophageal and the ventral gangha The nerves from the bram cells
end m the corpora cardiaca which lie in the head 1 close vicinity to the aorta and
beneath the brain From the corpora cardiaca m most nsects another nerve runs
to two ectodermal glands the corpora allata (Fig 2) Phystologically the neuro
secretory cell groups of the msect brain correspond to the X orgn in crustaceans and
the corpus cardiacum to the sinus gland Like 1n these organs the neurosecretory
matersal 1s transported from the brain along the axons nto the corpora cardiaca,
where 1t m1y be stored or released mto the circulation In some insects however, 1
further transport of neurosecretory matenal along the corpus cardtacum Allatum
nerve has been observed, and thus the corpus allatum may be directly stimulated
by the active prinaples  contamed m the neurosecretory material Frnally
there 15 1n the thorax of nsects another endocrine organ  the prothoracie gland, which
1n some respects resembles the moulting gland 1n crustaceans and which 1s actnated
by the neurohormones of the bramn
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reproductine processes In flies extirpation of the medial bramn region which contams
one of the neurosecretory cell groups, prevents egg mturation while reimplantation
of the same cells promotes 1t Thus the ncurosecretory cells produce 1 gonad
stimulting substance which 1s stored 1n the corpora cardinca Other expeniments
suggest that the corpora allata 1lso contnbute to the regulanon of egy maturation
and that the principle myolved 1s not rdentical with that derived from the brain

In certun msects the neurosceretory cells the corpora cardiaca and the corpora
allatt contribute to the control of metabolism Thus 1n a species of fly Calliphora the
absence of the medial neurosecretory bramn cells results 1 a decrensed fat and an
mcresed glycogen content 1n the fat body the corpora allat1 seem also to be m
volved 1n the fat and carbohydrate metibolism and the corpora cardiaca may play 1
role 1n the control of the protern metabohism The water balance also appears to be
regulated by neurosceretory brun cells but enly scattered observations are found in
the hiterature on this subject 1nd no general conclusions can s yet be drawn

Funally the excretory organs m msects the Malpighian tubules show rhythmue
movements the frequency of which 1s sumulated by extracts from the bram and the
corporn cardiaca The active principle from the latter organs also mncreases the
amplitudes of the muscle contractions of the Malpighian tubules of the mtestine and
of the heart The active principle appears to be secreted by speaific cells of the corpora
cardiach and to be different from the active neurosecretory substance of the bram
Chemically tt resembles an orthodiphenol and 1s thus related to adrenaline

COMPARISONS BETWEEN THE MORE COMPLEX NEUROSECRETORY
SYSTEMS OF INVERTEBRATES AND VERTEBRATES

In both crustaceans and nsects the prmeipal neurosecretory systems consist of
two parts (1) the neurosecretory cell clusters in the bram (several groups n crusta
ceans two m mnsects) and (2) a speaal organ (the sius gland 1n crustaceans the
corpora cardiaca 1n msects) i which the neurosecretion 1s stored The former sub
drvision corresponds to the nucleus supraopticus and nucleus paraventriculans n
the vertebrate hypothalamus and the latter to the neural lobe of the hypophysts
{Table 1) Thus the neural lobe represents one of several organs of neurosecretory

TasLe 1

The incretory systems of the head n crustaceans nsects and vertebrates

CRUSTACEANS INSEGTS VERTEBRATES
I N\ organ and other Medial and lateral Nucleus preopticus
neurosecretory cells of neurosecretory brain Nucleus supraopticus
the bram cells Nucleus paraventricularns
II  Sinus gland Corpora cardiaca Posterior lobe
I Corpora allata Anterior lobe

storage and release n the ammal hingdom In 1941 when I published the first (but
very mcomplete) comparison of the neurosecretory systems of msects and v ertebrates
I was deeply impressed by the occurrence of such stmilar complicated systems m v ery
distantly relited amimal groups This scems now still more striking since recent
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(Fig 3) During thesc changes the prothoracotropic hormone from the bran, winch
15 stored 1 and released from the corpora cardiac, causes the prothoracic gland to
relese the so called growth and differentiatron hormone This hormone (which was
1solated 1nd crystallized by Butenandt & karlsson 1n 1954 and found to contam only
carbon hydrogen and oxygenn the proportion 4 4 73 1 0), 15 directly responsible
for the growth and differentintion which transforms the wingless mmmture
larva (the nymph) 1mto a winged 1mago with sexual organs In order to prevent a
precocious imagmnnl development the corpora allata during the early ife of msects
produce a juvemle hormone which counterbnlinces the hormone of the prothoracic
gland The mteraction of these two hormones results m the larval moultings during

= Medial neurosecretory cell

Brain

ANEE—— ] Y TP T

Miatotropic  hormone o cmmms \_ e mm Prothoracotropic hormo ¢
Corpora allata wm. % = = Prothoracic gland

Growth and differentration
hormone

m-------_- Effector organ (cuticle &c;

Frgure 3

Outhine of the nervous and secretory mechanism which controls the moult ngs 1 m ect

Juveaite hormone _ . o o oo O,

which the animal develops chiefly by growing with very shight signs, 1f any of adult
differentiation  Fmally at the last larval or nymphal stage the production of the
juvenile hormone ceases or 1s considerably decreased and complete metamorphosis
takes place Lt 1s charactenstic of the interaction of the hormones which regulate the
post embryonic development 1n insects that by removal or transplantatons of the
endocrne glands and by means of paribiosis expertments 1t1s possible to force adults
to undergo supernumerary moultings and become giants to cuse larvae or ny mplhs
10 undergo a precocious differentiation and to become dwarfs aind finally by supply

g N EXCEsSIve amount of juvenile hormone to cause adult tissues to renssume 1

Juvenie shape

In nsccts as 1N Crustacens nNCurosecretory hormones pliy an important role i
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partventriculans of higher vertebrates are presumed to be denved from the nucleus
preopticus 1n lower vertebrates one must consider the possibility that they also may
have different functions
A thurd and very striking fact which denives from the study of the neurosecretory
cells 1n polychaetes, crustaceans and mnsects 1s the dommation of neurosecretory
function 1n these \mmals Thus 1 Nepthys three quarters of the bran consist of cells
which exhibit signs of a neurosccretory actinty (Clark, 1955) and all the better
investigated hormonal phel i crustaceans and insects are governed by
neurchormones The nervous system 1n these ammals 15 evidently as much concerned
with the regulation of body functions by the slower hormonal processes as by the
more speedy nervous mechamsms Thus the close similanties between the architec
ture of the neurosecretory systems 1n invertebrates and vertebrates almost force one
to suspect that there must be more numerous neurosecretory mechanisms m verte
brates than the production of the posterior lobe hormones
It 1s now about ten years stnce 1 worked on neurosecretion 1n mnvertebrates and
since I turned to similar studies in vertebrates On thus occaston therefore I should
have liked to report some new results of mvestigations of the pituitary and the neuro
secretory system m mammals The results of current work on the neurosecretory
pathways 1in libernating mammals such as the hedgehog (Ermaceus europaeus) durmng
the winter and in mammals from hot deserts such as the kangaroo rat (Dipodomys
mernamu) are, however, not quite complete Although hiving under very different
conditions bath these animals have to economize body water The kangaroo rat and
related forms live 1n the hot dry regions of the south western U S A one of these
species occurs even 1n the Death Valley, the deepest pomnt of which 15 84 m below
sea level A maximum air temperature of 456 G has been recorded in this area for
alongtimeaworldrecord Accordmgtoh & B Schrmdt Nielsen (1952) the kangaroo
ratis able to hive and thrive on dry plants without any access to drinking waterand has
survived for years m the laboratory when fed on dry grain only It does not store an
excess of water 1n the body and 1t has no exceptional resistance to dehydration It
obtains water by oxidation of 1ts food and expends 1t with the greatest economy The
extrarenal water loss of the kangaroo rat 1s only about half of that of the whate rat
and 1ts unne may be about twice as concentrated kangaroo rats which are forced
to drink water excrete 1t with great difficulty and are hiable to water mtoxication
(Hoft , 1956) The unphysiological situation was mdicated by the occurrence of
haematuna in more thn half of the ammals 1n the expeniment Ames & van Dyke
(1950) have investigated the amounts of antidretic hormone m the urine and the
Pposterior lobe of kangaroo rats They found up to 50 mU of antiduretic hormone 1n
the urine as agamst about 6 mU /ml m dogs after powerful osmotic stimulation and
about the same m laboratory rats depnived of water for 48-72 hours The posterior
lobe 1n kangaroo rats contamned 0 g mU of antidiuretic hormone per microgramme
against only about 0 3 mU 1n normal laboratory rats Moreover the neural lobe of
Dipodomys weaghs relatively more Thus although laboratory rats are 5 t0 6 times
larger than kangaroo rats their neural lobes are only 3 times the size of those of
kangaroo rats and their prtuttary contains less antidwretrc hormone
When I examined the neurosecretory system m Dipodonys 1 did not find any
features which are essentially different from those mn laboratory rats as described
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nvestigations have shown that similar neurosecretory systems exist chilopades
diplopodes and arachnoids (Gabe, 1955) The only instance in which 2 homology
between these systems could be suspected 1s m the myrrapodes and msects But be
this as 1t may, 1t 1s clear that complex neurosecretory systems have appeared m
dependently at least four and perhaps six times n the ammal kingdom

While all the neurosecretory systems reviewed here show the two subdmisions
mentioned, a third one has to be added n insects and vertebrates viz the corpora
allata and the glandular lobe of the hypophyss respectively This represents a further
analogy these organs are both of cctodermal ongin, the corpora allata being pouch
like invagmations from the ventral side of the head (Plate 1v ) while the glandular lobe
originally forms a similar sac hike invagmation from the embryonic stomodzum, 1 ¢
Rathke s pouch Thus mn both msects and vertebrates the principal neurosecretory
systems consist of a nervous component, which forms the first two subdvistons, and
an ectodermal component, forming the third subdivision

The functional relations between the neural and the glandular lobe of the prtutary
are still keenly debated but taken together, the hormones released by the pituttary
cover about the same functions as the neurosecretory system 1n msects namely colour
change growth reproduction metabolism and water balance The array of hor
mones produced by the main ncretory organs of msects (and crustaceans) would
therefore seem to be hardly less complex than that of vertebrates including man
Histologically the neurosecrctory cells of the crustacean X organ and those of the
msect bram may mdeed be regarded as of a more specialized type than most of the
cells of the nucleus supraopticus and parasentricularis 1 vertebrates I have already
ponted out that the neurosecretory cells of the lower invertebrates thus far described
seem to have the shape of normal nerve cells (with dendrites and an axon) which
form a hink mn a neuron cham or mnervate an effector organ Most cells of the
nucleus supraopticus and paraventricularis have dendrites but the corresponding
cells in crustaceans and 1nsects are umpolar and have no dendrnites or collaterals
Like the neurosecretory cells of the hypothalamus they end blindly and do not form
hinks 1n a neuron chamn 1 so far as they do not mnnervate any effectors Morpho
logically, they are reduced to a simple thread like transport apparatus for the carriage
of the neurosecretory substance from the place of production to the place of storage

This account of neurosecretion 1 nvertebrates has of necessity been brief and
many wmportant details had to be ormitted OQur knowledge of mvertebrate endo
crinology has very much ncreased smce 1 published my monograph on the subject
(Hanstrom, 1939) I therefore recommend the more recent reviews by Ernst & Berta
Scharrer (1954a b) Gabe (1954) Berta Scharrer, (1953 1955) and Arvy Gabe &
B Scharrer (1956), and concerming the comparison between the neurosecretory
systems of mnvertebrates and vertebrates the papers of Hanstrom (1941 1954) and
E & B Scharrer (1944)

Another conclusion resulting from this comparison 1s connected with the fact that
1n msects the neurosecretory brain cells consist of two groups and 1n crustaceans of
several There are some reasons to presume that the two cell groups 1 insects have
different functions and very strong arguments have been presented m favour of the
view that n crustaceans different clusters and cytological types of neurosccretory
cells produce different hormones Although the nucleus supraopticus and nucleus
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1n his book of 1542 The brain considered iy phystol thy and philosophically
In this treatise he declared that the soul has established in the cerebrum an dlustnious
chvimical laboratory  the products of which he considered were separated and
fittered in the infundibulum finally 1o tnehle down to the hypophysis The chvimeal
operation , he continued may be called not only 1 secretion and punfication but
also a rectification and alcoholization  May [ be permutted to add that Swedenborg
was hardly thinking of alcohol 1n the present meaning of the word but evidently used
1t as a synonym for spint and evanescent essence
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by Hillarp (1949) Ortmann (1951), Erchner (1953), Wagenvoort (1g54) and Ima
(1954) It1s possible that 1 laborious count of the number of cells i the hypothala
mic neurosecretory nucler m1y give 1 clue to the high concentration of the ant
dhuretic hormone in the neural lobe of the kangaroo it Preliminary exammation
1n several species of rodents of the size of the neural lobe, relative to that of the gland
ular lobe indicates that n general the neural lobe in desert and hibernating species
15 relatively larger than in other rodents from temperate regions (Enemar &
Hanstrom, 1956)

Herring and Cushing among others assumed that the postertor lobe hormones
derved from cells of the pars intermedia which mvaded the processus infundibuls
This hypothesis was still maintained by Buchner (1950) and Romueu, Stahl & Occell:
(1952) perhaps because these authors considered the human hypophysis only 1n
which such an invasion 1s a normal phenomenon However, n other mammals which
I examined during comparative studies of the pitwitary (Hanstrom, 1952) I often
found no imvasion of mtermedia elements nto the postertor lobe and m the desert
rodents investigated 1t was not found at all

Bucy, Romeis and the school of Ranson regarded the pituicytes as the source of
the posterior lobe hormones The role of these cells 1s as yet not quite clear but the
best founded hypothesis 15 undoubtedly that formulated by E Scharrer and W
Bargmann who assume a neurosecretory origin for the neurohypophysial hormones
It 15 of interest m this connexion that in crustaceans and insects also the water
balance 1s regulated by neurosecretory hormones The concept of the ongin of the
postertor lobe hormones from mvadmg mtermedia cells or from pitucytes made 1t
necessary for the protagonusts of this view to assume mugration of the posterior lobe
hormones from the pituitary gland towards the hypothalimus from which consider
2ble amounts of the hormones have been extracted The conception of neurosecretion
postulates movement of the neurosecretory substance and the hormones m the op
posite direction, 1 e from the hypothalamus to the neural lobe Ths process however,
1s only yet another instance of the truth of the proverb nothing new under the sun
For 1s Zuckerman (1954) has pointed out, Andreas Vesalus wrote 1 his work De
Juman corports fabrica bt septum published 400 years ago (1555) that the infund:
bulum was a funnel through which the phlegm from the bramn trickled down mnto
the prtuttary (Fig 4) The Swede Emanuel Swedenborg expressed the sime opinion

Figure 4
Vesalius s conception of the funnel (in
fandibulum) (B) through  hich the
phlegm from the brain trickles down into
the puutary (1) The four imaginary
ducts (C D E F) carry the phlegm from
the gland (After Zuckerman 1954 )
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stomach tube once an hour day and might for 10 days Senal sections through the
hypothalamus were stained by Gomon s methed simultaneously with sections from a
‘control ammal that had been maintained on a simlar diet Companson of the
sections from the two ammals showed the following features In the antenor division
of the supraoptic nucleus the cells of the hydrated ammal were marhedly paler than
the control with an apparent deficiency of neurosccretory matertal In the posterior
division of the suprioptic nucleus the differences were less marked, but a higher
proportion of pale cells were exmbited by the expenmental ammals than the con
trols The cells of the paraventricular nucleus showed the greatest change In the
hydrated anmmal these cells were umformly pile nd almost completely devoid of
neurosecretory matenal Conversely the descending tracts from the paratentncular
nucler of the hydrated ammal were charactenzed by heavy accumulations of stamn
able materral 1n the form of stained 1xons and clumps which extended throughout
the dorso ventral extent of the hypothalamus The appearances of the posterior
lobes of the two antmals did not differ 1n any marked way Changes seen 1n a second
hydrated amimal were m the same sense but were less marked This second ammal
had become somewhat lethargic duning the experiment whereas the first hydrated
animal had remained perfectly happy

Dale What was the effect on the specifically stamning, substance 1n the postenor lobe
itself?

Jatell There was no detectable difference in the postenior lobes

Dale 1 am trying to get a picture of what this staimng matenal 1s domng It 15 1n
creased 1n the nenve cells and 1t has got mto the tracts but apparently 1t hasn t yet
reached the lobe or 1s 1t being poured out of the lobe as fast as it gets there?

Jeuell T would be very interested to hear Professor Bargmann’s comments

Bargmann T wonder if these 1ccumulations of stuinable matenal are the same as Dr
Pickford has seen

Puckford Yes very similar

Bargmann These are lobulated Herning bodies and they seem to be 1 sign of storage
1 the course of the axon Under normal conditions we can see the same thing n
buds Possibly you saw some ruptures on your shdes perhaps due to physiological or
technical conditions You can show that these Herrng bodies are part of the axon
Hanstrom We have found such lobulated or star shaped structures several times in
mammals for mstance 1n wolves and sometimes they appear to be connected to one
proumal and another distal fibre In some mstances 1 think that they may constitute
nerve endings and m some respects resemble the bulb shaped endings which T have
descnbed 1n a number of mammals These endings are very common and outstanding
n some specumens

Dale What species are you speaking about?

Hanstrom The tiger
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Duscussion
Chatrman  Sir H Dale

Fewell There1s a question I would hike to ask Professor Hanstrom about the first part
of his talk Have expeniments been done to exchange the hormones from insects to
crustaceans or vice versa?

Hanstrom Yes especally the colour change hormones When one makes an extract
of the corpus cardiacum of insects and 1njects this extract into shrimps  they change
therr colour as completely as they would 1if they had been injected with therr own
colour change hormone and the hormone from the insect corpus cardiacum 1s some

times even more potent than the true shrimp hormone

Dale There was a letter recently i Nature (Carlisle & Butler 177, 276 1956) which
described an extraordmarily interesting observation, that the ovary inhibiting
hormone from the eyestalk of the prawn 1s effective also i bees producing stenle

workers And 1t was also stated that a substance from the Queen Bee will keep a

female prawn from ovulating

Jewell Dr B Andersson and I have made some observations on the neurosccretory

‘matenal of dogs hydrated for a period of days We gave 1 dog 200 ml of water by
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amount of this maternl, 1t implics that the parnentricultr nucleus 15 particularly
concerned with the process Yet there are observations of Olivecrona (Nature, (Lond )
173, 1001, 1954) which suggest that the paraventricular nucleus 1s particularly con
cerned with oxytoain production So this 1s still very much in the air

Harns, G 11 There s one question I would like to 1sk Professor Hanstrom, and that
1s whether be had done 1nything to alter the activity of the ntenor lobe and whether
he had noticed any difference i the neurosecretory material I am thinking parts
culrly of ovariectomy inereasing the production of gonadotrophic hormone 1nd
whether there 15 then Any difference n the neurosecretory material n the medinn
eminence

Hanstrom No, 1 1m sorry, we haven t done that

Martin 1 wanted to sk Professor Bargmann what he thinks about Barnett s method
which stams disulphide groups 1nd thus seems to reveal directly the oxytocic and
antidwretic hormones 1 hy pothilimic neurons  Are the results obtuned by Gomort s
and by Barnett s methods comparable?

Bargmann 1 am very careful concerning histological and histochemical questions 1
said only yesterday to Professor Heller that while we are able to stan the tracts
electrely we are not able to make any conclusions about the chemical nature of the
substances stained I know Dr Sloper hns another opinton—perhaps he would say
something because he 1z 1n expert on these matters

Sloper Professor Bargmann has ashed me to discuss the apphcability of Barnett s
thiogly collate DDD reaction for cystine to the study of neurosecrenion This reaction
18 difficult to perform 1 learntat from Professor Montigna nd like him find 1t useful
when applied to skin Perhaps because of its sensttmaty it 13 far less useful m the
hypothalamus because 1t has not the selectvaty for neurosecretion of the Gomon
techmques On the other hand the thioglycollate ferric ferncyanide and performic
aad Alcan blue reactions imtroduced by Adams and mysell demonstrate structures
rich i cystine and are 1f anything more selective than the Gomort techmques

With these techmques we demonstrate a protein rich m cystine in the hypothalamus
and neurchypophysis It diminishes after dehydration and accumulates above the
cut mtuitary stalk I do not think 1t 1s for me as 1 pathologist to say more concerming
1ts relationship to posterior pituitary principles
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Jewell Did you notice 1 Iot of thus materal in the tiger?

Hanstrom Yes

Jewell Has Professor Hanstrom any suggestion to offer to explun the remarkable
development of stamnable material 1n the carnnores? The dog and cat, and appar
ently the tiger, show large quantities Dr Sloper mentioned earhier the large
amounts to be seen m the seal 1 have exammed the supraoptic ind paraventricular
nuclear cells of the grey seal, using Gomon s method, and ‘the intensity of staming
i these cells 1s similar to the dog In the desert rat on the other hand, n conformuty
with Professor Hanstrom s observations on his desert animals, I found no unusual
mount of material

Hanstrom T have also found lobulated Herring bodies m a marsupral and mn a tree
shrew Tt1s not only carnivores I think

Lioyd Would you estimate that there 1s more of this neurosecretory material in the
hy pothalami of these animals which you hydrated® The reason I ask 1s that 1f you
hydrate a rat giving 1t nothing but hquid for three or four days you will find that
the content of antidiuretic materral mn the hypothalamus is actually less than the
normal If you hydrate it wcutely there appears to be more It looks as though the
supply 1s heeping up wath the demand

Jewell If you estmated the amount i the cell bodres i the hydrated dog there
would certamnly be less but since there 1s great accumulation 1n the axons i the
lateral hypothalamus  the total amount 1n the hypothalamus may still be high

\fartim: Dr Kovacs has observed that hydration produces in rats a drop of neuro
secretory matenial, both 1n the suprioptic and paraventricular nucler and 1 the
hypothalamo hypophystal tract

Ligyd One has to dehydrate animals severely by giving them a hypertonic solution
to cut down on the hypothalamic antidieretic activity

Sloper Dr Jewell s observations on the loss of ncurosecretory matenal from the para
ventricular neurones of the hydrated dog are of the greatest mterest I would Itke
first to make a plea for great caution mn the interpretation of these changes Vara
tions 1n stainng intensity and section thickness can be most deceptive although of
course the changes in Dr Jewell s sections were clear cut I would secondly hike to
ash Dr Jewell whether all the paraventricular neurones were simtlarly affected I
ask because I have been making photometric estimations of histochemically demon
strated neurosecretory material in the hypothalamus of the dehydrated rat Although
most neurones show depletion a number are full of neurosecretion Has Dr Jewell
seen such neuroncs 1n the hydrated dog and, if so how does he rccount for ther
occurrence®

Jewell There was umform depletion of the neurons m the paraventncular nucleus
whereas in the supraoptic nucleus there were often neurons persisting which were
qute as full as i the normal animal This was 1 very curious observation I thought
for 1f there 15 a real correlation between the state of hydration of the anmmal 1nd the
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The relationship of oxytocin and vasopressin to
active protewns of posterior priutary origin

Studies concerning the existence or non
existence of a single neurokypophy stal kormone

by

ROGER ACHER and CLAUDL FROMAGEOT*

Laboratoire de Chime broloique de la Faculte des Sciences Paris

Four activities of extracts of the bovine posterior hypophysis have been known for a
long time these are  the uterus stmulating (oxytocic) actwity the milk cjecting
(galactogogic) activity the blood pressure raising action (vasopressor tctivity), 1nd
the antidiuretic ictivity 4 preort one might think that these four activities correspond
to four dufferent substances Since 1920 there have been two opposing views, one
held by Abel 'nd his co workers (Abel Routler & Geilling 1923 Abel 1930)
according to which the oxvtocic vasopressor and antidhuretic properties belong to a
single substance and that of Dudley (1919) who considered that the oxytoaie and
vasopressor activities were due to different substances The first conception led
MacArthur (1931) 1nd later van Dyke and his co workers (van Dyke Chow Greep
& Rothen 1942) to 1s0late a pure protein which possessed the four activities men
tioned The second concept led kamm (hamm Aldrich, Grote Rowe & Bugbee
1928) and later du Vigneaud (1952) nd his team to punfy the different active
prnciples In the course of this work two peptides were obtained m pure form the
one—oxytocin-—possessing oxytocic and galactogogtc properties the other—iaso
pressin—possessing the vasopressor and antidiuretic acuvities The problem there
fore was whether one or two substances are normally responsible for the actiities in
postertor pitustiry extracts 1 e whether the hormone 1s a protein of which the two
peptides oxytocin and vasopressin are degradation products which retatn the activi
ties or whether these peptides normally exist in the gland, and are wsed mdepend
ently by the orgamsm m accordance with 1ts needs The concept of the existence of a
single hormone rests on a physiological as well as on 1 chemycal basis the ratio of
vasopressin to oxytocin actiaty (¥/0) wmn the neurchypophysis of several mammals 1s
umty when the activities are determined by reference to the International Standard
(Warmg & Landgrebe 1950) Morcover there 1s simultaneous liberition of the
oxytoarc and antdwretic (or vasopressor) activities on electacal (Harms, 1947),
osmotic (Abrahams & Pickford 1954) or chemical sumulation (Chamorro & Minz
1955)

It appeared desirable to us to study the question of the existence of a smgle hor
mone using both the ct I and the physiol 1 approach In the chemucal
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activittes ind 1o 1cid composition of the two peptides Thus, electrodialysis

permuts separation of oxvtocin and vasopressin from nert protemn material without
hydrolysis

Precipitation wath trichloracetic acd

A 1percent solution of 1ctin ¢ protein was preaipitated by 5 per cent trichloracetic
aad 50 per cent of the oxytocic actinity 70 per cent of the visopressin activity
and 8 per cent of the imtinl nitrogen were found 1n the supernatint solution After
remosval of the acid by clectrodialysis the ictive substances mn the cathode solution
were studied Here agun  electrophoresis an paper revenled only the two substances
which behaved ihe pure oxytocin and vasopressin A preparative electrophoresis
was carried out nd the paper was cut into sections of 2 em  These were eluted with
water and the 1ctivties of the eluates were determmed No oxytocic 1ctinaty was
found except 2t the point corresponding to oxytocin and no vasopressor actisity was
found anywhere except 1t the pomt carresponding to vasopressin (big 1) Moreover

cathadic strips of paper
material efuted with water

¥ —
o =3 Control strips
ped with
1 ‘ lll;lplsltlzla‘«;‘wl bromphenol
blue
=4 [=]
%0 !1 ~——  oxytoe activity
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3
Z 20 Iy
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S

] 4 8 32 & 20em
Migration towards cathode

Figure 1

Paper electraphoresis of the cathodic material obtained after electrodsalysis
of the supernatant resutung from the preciptation of acuye protemn with
5 per cent trichloractic acid

hydrolysis of the substances yielded the amno 1cids corresponding to the compos:
tion of oxytocin and vasopressn Thus trichloracetic acid precipitates the protem
white leaving the major part of the oxytocic and vasopressin activities 1n solution
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myestigation we have subjected the proten of van Dyke (ox gland extract) to different
purifying procedures to determine whether the oxytocic And Vasopressor actmvities
always remam with the protein In the physiological myestigation we have studied
the changes i the ¥/0 ratio of the neurohypophysis of the rat during growth and
reproduction

RELATIONSHIP BETWEEN OXY TOCIN, VASOPRESSIN AND
THE PROTEIN OF VAN DYRE

The active protein was prepared according to van Dyke ot ol (1942) A powder
having oxytocic or vasopressor activity of 18-20 I U per mg was obtamed The
nitrogen content and the sedimentation and diffusion constants corresponded to the
values given by the American authors We have subjected the actrve protem to
various procedures of purification which did not mvolve the posstbility of hydrolytic
cleavage
Dualysis and ultrafiltration

On dialysis agamst water all the activity and mitrogen remuned mside the sac
After ultrafiltration of most of the solutton through a cellophane membrane (oscillat
g ultrafiltrition techmque of Ambard) neither nitrogen nor biological activity was
found 1n the ultrafiltrate Therefore neither dialysis agamst water nor ultrafiltration
permut the separation of active substances of low molecular weight from the protemn
of van Dyke On the other hand when a solution of 50 mg of the protenin o2z N
acetic actd was dialysed against 80 volumes of acetic acid (0 2 N, pH 2 75) 1t room
temperature, all the oxytocic 1nd vasopressor activity was found outside the bag,
although 88 per cent of the mitial mtrogen was recovered from nside showing that
mere dialysis agamnst dilute acetic acd produces dissocition

Electrolysis and electrodialysis

The active protein dissohved 1n acetate buffer at pH 4 4 was subjected to electro
phoresis in the Tiselius apparatus After 4 5 hours, the solutions in the anode cathode
and central compartments were analysed for nitrogen and vasopressor 1ctivity The
activity of the mtial solution per mg of nitrogen was equivalent to that of 125 T U
of vasopressin After electrophorests the solutions 1n the anode central and cathode
compartments had vasopressor activities equivalent to 44, 150 and 1go I U per mg
N respectinely As no mactivation occurred the heterogeneity of the material was
obvious the principle responsible for the vasopressor activity was more rapidly dis
placed towards the cathode than the other constituents

Fifty mg of the active protein were dissolved mn water with the assistance of a trace
of acetic acd and placed mto the central compartment of an electrodialysis cell
consisting of three compartments The anode and cathode compartments contained
water Cellophane membranes were used A potential of g00~1,000 volts was applied
and precautions were taken to assure that the temperature of the solution did not
rise above 25° C After g—11 hours, go-100 per cent of the mutial oxytocic and vaso
pressor activities (about 1,000 T U ) were recovered 1n the cathode compartment but
only 7-8 per cent of the nitral nitrogen The cathode solution was concentrated
and studied by electrophoresis on paper It was possible to demonstrate two sub
stances only these migrated like pure oxytocin and pure vasopressitn and had the
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have detected no mnactivation after 5 hours treatment at room temperature Further,
Lawler & du Vigneaud (1935) have shown that trypsin mactwvates vasopressin but
not oxytocin We have hydrolysed the active proten with trypsin (enzyme substrate
rtio 1 50, pH7 8, 38 C) After 6 hours the vasopressor activity of the protemn
had completely disappeared but the oxytocic actiaty was quite unaffected

Taken as a whole 1t 15 evident from these experiments that the vasopressor and
oxytocic activities of the actne proten behave towards chemical and enzymatic
agents exactly like the vasopressor and oxytocic activities of vasopressin and oxytocmn
On the other hand processes which do not involve hydrolysis such as dialysis against
dilute acetic acid, electrodwalysis precipitation by trichloracetic acd and counter-
current distribution  dissociate the active protein into substances responsible for the
oxytocic wnd vasopressor activittes and at least one nert protein The complex,
which 15 broken neither by dialysis agamnst water nor ultrafiltration nor ultra
centrifugation (Rosenfeld, 1940 van Dyke efal 1942) may be an artefact of the ex
traction process or may possess biological significance In the latter case 1t appeared
of interest to determine whether the complex behaved in the same manner during the
course of the synthesis of the active principles and their utthzation by the organism

VARIATIONS IN OXYTOCIC AND VASOPRESSOR ACTIVITIES
DURING GROWTH AND LACTATION

Several authors (Sunon 1934 Warnng & Landgrebe 1950 Dicker & Tyler 19538)
have found that the } /O ratio 1s approxamately umty 1n the neurohypophysis of the
adult rat Although Dicher & Tyler (19536) found a ratio of 1 the absolute values
of the two activities were 50 per cent less than those of Stmon (1934) On the other
hand Kuschinsky & Liebert (1939) found a ratio of about 2 (these authors deter
mined the antidwretic activity which corresponds to the vasopressor activity New
determinations seemed therefore necessary Adult albino rats of 220 £ 30g were
used which were obtained from four different colomes The ammals were killed by
decapitation The hypophysis was immediately removed and allowed to stand
pure cold acetone several hours The posterior lobe was then separated, homogentzed
with 0 5 ml of 0 25 per cent acetic acid and heated at 100 C for 1 5 minutes The
volume was adjusted to 1 ml with water and the matenal assayed for vasopressor
activity by the method of Landgrebe Macaulay & Waring (1946) and for oxytocic
Activity by the method of Holton (1948) The determmations were made at different
tumes of the year The results obtained are shown m Table 1

The following conclusions m2y be drawn
(1) the activities are very constant (o 8 unit per gland) (2} the rano of vasopre sor
actmity to oxytoric activity 18 about 1 (3} there 15 no difference between the two
sexes

These results are 1 excellent agreement with those of Simon (1934) Several
“uthors have determmed the antidiuretic activity which 1s a property of vasopressin
and have found values around o 8-1 0 umt per gland (Heller 1947 Cavallero
Dova & Rosst 1954 Morel 1954) The agreement 1s therefore very good

A ratio of vasopressor (or antidwiretic) to oxytocic activity of approamately 1 has
also been found i man cat dog sheep pig and horse (Heller & Zammis 1949
Waring & Landgrebe 1950 Dicker & Tyler 1953a ) This ratio holds generally for
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Counter current distribution

Twenty mg of the active protemn were subjected to counter current distribution 1n
the system secondary butinol - o 5 per cent trichloracetic actd After 24 transfers,
the contents of ¢1ch tube were homogenized by the addition of water nd the bio
togical 1ctivities 1nd the mirogen content were determuned It was found that the
oxytocic and vasopressor activities were separated from one another and from the
principal nitrogen contamning substance (Fig 2) The active substances were solated
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Counter-current d teibution of the actne prote n 1 the system sccondary
butanol—o 5 per cent_ trichloracetic acd

Subjected to paper chromatography they behaved Iike oxytocin and vasopressin
Moreover vasopressin and oxytocn subjected to counter current distribution 1n the
system described had the same partition coefficient as the principles obtained from

the actnve protemn

Action of chemical agents and enzymes

Sealoch & du Vigneaud (1935) reported that oxytocn and vasopressin were not
mactiated by reductions with cystene We have reduced the ictive protemn with
cysteme (30 mg of cysteine hydrochloride per 0 15 mg of mtrogen 2t pH 7 8) and
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mammals though not m the whale, guinea pig and rabbit {Warning & Landgrebe
1950', Ducker & Tyler 19536, Schlichtegroll, 1954)

We have studied the chinge n the V/0 ratio 1n the neurohypophysis of the rat
during growth and lactation

Tasee 1

Content of oxytocic and vasopressor actiuaty n the neurohypophysis of the adult rat

V' — Vasopressor activity mn millumts per gland
& = Oxytocic actreaty in millunits per gland

Female } Male

o o 1o j T o | wmo

8oo 850 ‘ 091 ’ 825 { 825 100

8oo 850 093 \ 8o 830 ©95

825 825 too 800 820 | o097

8oo 840 097 | Bag 840 098

820 810 101 810 850 09,

8oo 8o | o9y | 8o f 820 097
—_ T { o

Mean 8o4 837 J 097 ) 810 ‘ 832 ‘ 097

Varwahon 1n the ratio of vasopressor to oxytocic acteify during growth

In the cise of 5 day old ammals 10-15 glands were pooled for extraction 5-10
glands were used of 10-20 day old rats and 1n the case of older ammals a single gland
The hypophyses of 5 d1y old rats were extracted without removal of the anterior
lobe Figure 3 shows the variation in the /0 ratio as a function of age

Our results mdicate that the ¥/0 rato reaches umty during growth An identical
stuft has been found by Dicker & Tyler (19534, §) 1n the dog and n man durning
embryonic development Moreover these authors have observed that the F/O ratio
was tigher 1n young than 1n adult rats cats and gumea pigs It appears therefore
that the synthests of the substance with vasapressor acttvity 1s not synchronized with
that of the oxytocic substance It 15 possible that the second principle 1s only of 1m
portance 1n reproduction and for this reason 1s synthesized somewhat later

Variation 1n the ratto of rasopressor to oxylocic actiuity during lactation
Fric groups of rats were used ammals which were killed 2-3 hours, 12-24 hours

5 days 10 days and 20 days after partunition Rats of the first group, unlike those of
the others had not yet commenced to lactate Figure 4 shows the vamation i the
1J0 rano s a funcuon of the stage of lactation

The ratio, which 15 unity 1n normal ammals 1s approuimately 1 at the fime of
parturiion and dunng the subsequent 24 hours but 1t increases duning lactation due
to a decrease 1n the amounts of the oxytocic prineiple
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following 24 hours This decrease does not occur if one prevents the young from
suckling It appears thcrcforc that the neurosecretory materal, 1f 1t actually cor
responds to a ck b e and not to 2 non speafic ph)sxcal configuration
(Scharrer & Scharrer 1934) decreases at the beginning of lactation while the hor-
mone content mcreases However, Hild & Zetler (1953) have reported that macera
tion of the glands i a mixture of alcohol and chloroform eliminated the chromogenic
matenal of the neurohy pophysis without causing loss of the activities

Our expermments as a whole demonstrate on the one hand that 1t 15 not possible
to extract from the neurohypophysis a chemucally pure substance endowed with both
vasopressor and oxytocic actraty and on the other that under normal physiological
conditions the orgamsm synthesizes and utilizes the vasopressor substance and the
substance with oxytocic activity independently Thus it appears that vasopressin and
oxytocn are true hormones Further imestigations are necessary to determine
whether the complex formed by vasopressin oxytocm and 1nert protein 1s an artefact
of extraction or whether 1t has biologrcal significance

REFERENCES

AseL J J (1930) On the umtary versus the multiple hormone theory of posterior principle
J Pharmacol 40 139-69

AperL J J Rotmier C A R Gemine L M K (1923} Further investigations on the oxytocic
pressor-diuretic principle of the infundibular portion of the pitwtary gland J Pharmatol 2z
289316

ABraHAMs V V& Prckrorp M (1954) Simultaneous observations on the rate of urtae flow and
spontaneous uterme movements in the dog and their relationship to postenor lobe actmity 7
Physwol (Lond ) x26 3 9-36

BarcMany W (19,0) Die elektne Darstellung emer 1 d Bahn  Vfukrosk
5 28992

Cavatiero € Dova E & Rost L (1954) Antidiuretic actvity m the neurohypophysis of rats
after adrenalectomy and replacement therapy 7 Endocr xo 228-37

Cuarorro A & Minz B (19,5) Secretion d oxy et de sous
Vinfluence del apphication d adrénabne sur e cortex cérébral € R Acad Sa (Pans) 240 136870
Dicxer S E & Tyeer C (19534} E: of the and oxytocic h

1 the pituttary gland of dogs and puppies 7 Phystol (Lond ) 120 1415

Dicker 8 E & Tvier T {19535) Vasopressor and oxytocic activities of the pitwtary glands of
rats gumnea pigs and cass and of human foetuses 7 Physiol (Lond ) 121 20614

DuoLey H W (1919) S b the active les of the ptuttary gland 7 Pharmacol
14 295-317

vanDyxke H B Ciow B F Greer R O & Romurn A (1932) The isolation of a protem from
the pars neuralis of the 0% pitwitary with constant oxytecic presscr and diurests inhibiting activities
J Pharmacol 73 190209

Harmss & W (1947) The mnervauon and acuons of the neurchypophysis an iy estigation usmg
the method of remote-control sumulation Philos Trans B232 38;-441

Hu;;_:n H (1947) Antidwrenic hormone in pituitary glands of newborn rats 7 Physiol (Lond ) 106

32

Herrer H 8 Zanas E J (1949) The antidiuretic and cxytocic hormones in the postenor pituitary
gland of newborn mfants and adutts § Physwl (Lond ) 109 1629

Hup W & Zetizr G (19,3) Uber die Funktion des Neurosckrets im Zwischenhin “eurohypo

als T fur V Adiuretin und Oxytocn £ ges exp Med 120

536-43
HOLTQ\I P (1948} A modification of the method of Dale and Lardlaw for standardization of pos
terior pituitary extracts Brit J Pharmacol 3 3 8-34

47



ROGER ACHER AND CLAUDE FROMAGEOT

Figure 5 shows the levels of vasopressor and oxytocic activaty m the neuro
hypophyses of the amimals in the five groups

We found that the levels of the vasopressor and oxytocic activities were about 50
per cent below normal at the ime of parturition but that they returned to normal
12—24 hours lter then, the oxytacic actvity alone diminishes The fast observatton
1s 1 ngreement with the results of Dicker & Tyler (19536)
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The first effect of suchling 15 the re establishment of the levels of the neuro
hypophysiil hormanes to therr normal value during the first 24 hours This was shown
as follows The rats were separated from their offsprings 2-3 hours after partuntion
and killed 12-24 hours or 10 days afterwards After 12-24 hours the levels of the two
activties n the glands were only slightly igher than those observed at the time of
partuntion they had not become normal as 1n Inctating ammals After 1o days the
Iesels had shghtly mcreased but had only reached 70-80 per cent of the normal
Suckling which produces an increase in vasopressor 1nd oxytocic actvity during the
first day following parturition acts mversely on the level of the substince m the
neurohypophysis which 1s stuned by the Gomor: reaction as modified by Bargmann
(1950) Stutinshy (1953) obsersed 1n rats that this matennl which 1s present in
approxmately normal quantity at parturstion duminishes considerably during the
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Tatios n non pregnant female rats of the sme strain winch 10 our hands At Jeast
show 1 conuderable vaniton 1 bave taken statistical advice on thus and I aman
formed that 1n the small groups so far wailhble, there 18 no clear difference between
the mean values for the controls and the lactating 1nmals T think perhaps that to
see more clearly we should follow the suggestion of Professor van Dyke and asay
oxytorn by a milk gjection method as well as by uterine response, and vasopressin
by anudiuretic 1ssay as well 1s on the blood pressure We ire in the process of doing
s0

Fromageot 1 quute agree with Profes or Helier that one must bie careful about methods
of assay many factors may indeed interfere with the titrations such as the presence
of substances with potentiating or inhibitory effects the physiological state of the
ammals or of the organs used &c  but care has been taken to make the assays as
correct as posstble and in the cunves which I showed each pomt 15 the average of
st< dufferent experiments The vanitions within each of the series were sigmificantly
less than the differences observed between the groups of animnls

Crovatto Professor Fromageot what 15 the amino acid composition of the innctie
protemn molecule after the separtion of the active pepudes Is 1t different from vaso
pressin and oxytocn?

Fromageot The amino acid composition of the inictive proten obtained after separa
tion of the nctive peptides 1s not very different from that of the active protemn as 2
whole because of the small weight of the peptides compared to that of the protein
Without rememberning what thisamine acid composition is, T may say that apart from
1ts richness 1n cysune the protein in question contains much proline A prehiminary
analveis has been made bv Block & van Dvhe (Arch Brockem 36 1 1952) and 1t
differs quite clearly from the composition of each of the pepudes I might add that
the molecular weight of the active protem 15 "bout 28 coo The molccular weight of
each actnve peptide 1s about 1000 Therefore what remains after this removal does
not differ sigmaficantly from the imual substance m respect albo of 1ts molecular
weight

Landgrebe 1 was very mterested mn Professor Fromngeot s resuits with lactating rats
and since van Dyke s protein comes from ox glands I should like to tell you our results
m the ox We have tested glands from hetfers, mlhing cows and bulls at various
times of the year and found that there was amazing umformty 1n the amount of
actvity 1n the glands Therc 1s no difference between the milhing cos  the heifer or
the bull i the amount of actinity or 1n the rino

Yrs Dodd We have mvestigated this problem 10 goats 1n relation to lactaton We
tried milking them out immediately before hilling and removing the gland Theglands
were removed 1n from go seconds to 4 mnutes and there was no difference mn the
vasopressin oxytorin ratio and agun not very much difference 1n the total amount

weight for weight of dry gland tissue between lactanng goats and non lactating
Foats

Guasburg 1 thunk this s very interesting because I do not think 1t has been appreciated
how rapidly the gland can be repleted Professor Tromageot showed that there was
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Duscussion
Chairman R Gaunt

Heller 1 should hike to make 2 plea for not relymg too much on the amounts of
oxytocic or vasopressor activity found n the glands of ny prrtcular stram of rat
If one looks through the literature one finds that some worhers have found s much
as 800 mU per 100 g rat and others only 250 mU 100 g We onginally found high
values, but a year later with wnather stram we obtamned values that were very much
lower As to the hormone ratio I think 1t 1s certamly, 1s I hive shown, with many
others of the order of 1 1n the adult rat but 1gain I do not think one should interpret
that too precisely Afterall thereare two biological assnys mvolved in these esttmations
and both of them have very considerable errors One cannot therefore say more thin
that the value 1s somewhere near 1 but m some ammals 1t may be 1 3oreven 15
Whether this 1s a real difference I cannot say With the Chairman s permission 1
would Itke to show a shide of the visopressin oxytocin ratios mn the neural lobe of
lactating rats s determmned by Mr R Ledenis in my Inboratory We have used ruts
from 1 to 21 days after partuntion The methods of nssay were very much the same
as those used by Fromageot and his co workers, and the results at first glance appear
similr to Professor Fromageot s curve On the first and third dy a ratio of somethmg
like umty was found, thereafter 1t rises but these values must be compared with the
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Hybrovsts of blood serum or of some of 1ts proteins by certain proteolytic enzymes
liberates poly peptides which have many of the pharmacologrcal actions of the neuro
hypophysial hormones

On one hand 1t has been reported that the digestion of esther blood serum or
hypertensinogen with trypsin {or with snake venoms} produces a substance called
bradykinin (Rocha e Silva 1951) which has a pronounced vasodepressor effect and
a motor action upon the plain muscles of the hollow viscera, including the uterus
On the other hydrolysis of these substrates with pepsin sets free several peptides
mcluding 1 hypertensin like substance viz pepsitensin (Cronatto & Croxatto 1942)
Some of these peptides have a motor effect upon uterme muscle and at least one of
them has an mhibatory effect upon urnary excretion (Croxatto Rojas & Barnaft
1951) This antidretic substance has been provisionally named pepsanunn It
attracted our attention because 1lthough the uterotonic activity 1s shared by manv
peptides € g hypertensin pepsitensin bradykinm kallidin (Werle 1g55) pepsitocin
and substance P (von Euler 1936) no peptide resembling vasopressin has so far been
found 1n tissues other than the hypothalamus or the hypophysis

Since oxytocm and vasopresun are simple octapeptides {(du Vigneaud Ressler &
Tnppet 1953 du Vigneaud Lawler & Popenoe 1953) and a larger molecule
may be endowed with the same actvities (van Dyke Chow Greep & Rothen 1942)
1t does not seem strange that polypeptides et free from other substrates show some
of the same pharmacologieal effects Hypertensin according to a recent paper of
Skeggs Marsh kahn & Shumway (1955) contains 8 amuno acids 1n approximately
unmolecular proportion plus two moles of histidine Seven of these amino acids are
also contained 1n ether oxytocm or vasopressin The purest preparations of hyper
tensin so far obtamned besides producing a powerful vasopressor effect have intense
ovytoac activity and are also capable of modifying druresis and natrurests (Pickering
& Prinzmetal 1940)

I would like to take this opportunity to describe some polypeptides which are
liberated from hypertensinogen as well as from other fractions of blood serum by
pepsin and which show the activities of neurohypophysial hormones Swnce these

substances have not yet been punfied some of the results given here must obviously
be regarded as prebiminary
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rapid repletion of hormones 1n the glands of rats suckled immediately after partun
tion Perhaps n Mrs Dodd’s experiments although the gland was depleted very
quickly 1t was also repleted very quickly and the time interval between killing the
ammals might have been 00 long If repletion rate 1s rapid 1nd vanable this will
render the esttmation of hormone content of glands an unreliable 1ndex of secretion

Mrs Dodd We tookt that the total amount of hormone which would be released from
the gland by the natural sumulus of the let down of milk would be so minute n
relation to the total amount of substance there that one would not be able to demon
strate 1t

Herdan Professor Heller s experiments on statistical analysis show that there 1s a
trend 1n the vasopressin oxytocn ratio but 1ts probable error 1s of the same order of
magnitude s the trend 1tself and hence 1t fails to be sigmficant The mean values for
vasopressin oxytocin ratios 11 lactating rats and control rats were 1 138 nd 1 147
respectively with a probable error of 0 075 Taking twice the standard error 1s the
borderline between significance and non significance, one concludes that, firstly, the
ratio 1s not sigmficantly different from unity, and secondly that there s no significant
difference between the average vasopressin oxytocin ratios for the lactaung and the
control group
These results are given with the proviso that they refer to small numbers of ex

periments (20 1n the lactating and 9 n the control group) Smce the standard error
1s v ersely dependent on the sample size it 1s quite possible that greater samples may
show significant differences
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THE PROPERTIES OF THE ANTIDIURETIC SUBSTANCE (PEPSANUR\N)

Pepsanurin 1s soluble 1n formic acid, acetic acid and m 20 per cent trchloroacetic
aad, nsoluble 1 benzene, petrol ether, ether pyndine and acetone and scarcely
soluble 1n absolute alcohol, concentrated N butano! and secondary butanol It can
be precipitated from aqueous soluttons by the addition of 10 volumes of acetone

Charcoal amberlite (IR 50) and permutite (pH 4 5) adsorbit It can be eluted from
charcoal by glacial acetic acid in which 1t heeps its actvity mdefinstely It can be
separated from glheral acetic acid by a muxture of absolute ethanol and petrol ether
(1 1) or with purified ether It can be cluted from permutite with a solution con

tammg 1 per cent acetic acd and 5 per cent NaCl In contrast to vasopressin,
pepstnurin 1s partially extracted by secondary butanol equilibrated with o o5 per
cent acetic acid It dialyses through cellophane membranes It 1s destroyed by
alkal but withstands heatmg m orgame acids Performic acid as employed by
Popenoe & du Vigneaud (19,3} to oxydize vasopressin (a procedure that leads to 1ts
mactivation) also destroys the activity of pepsanurin contaiming extracts

The antidwretic effect can be obtained 1n rats by injecting the extract m different
ways mtrapentoneally subcutaneously or intravenously The effect 1s longer lasung
and greater after intraperttoneal than after subcutaneous mjection

The inhubition of diuresis in water loaded rats (conscious or m ethanol anesthesia)
15 not the result of delayed water absorption from the intestine at the end of an ex
periment the amount of water m the digestne tract 1s shghtly higher than
m non myjected controls but 1t 13 about the same as that found in rats injected
with vasopressim  Since the mjection of pepsanurin containing extracts into
hypophysectomized rats with diabetes insipidus produces a profound inhibition of
diuresis the antidiuretic effect cannot be explamed by stimulation of the neuro
hypophysis and release of vasopressmn Polyurta in such rats can be counteracted by
an adequate dose of the extract admimistered at mtervals from 6 to 12 hours The
inhibition of diuresis can also be obtmed in water loaded hypophysectomized rats
which have been treated with cortisone (Fig 2) Both pepsanurn and vasopressin cen
completely mhibit the polyuria produced by remin Both substances inhthit mere
markedly when injected 60 to go mnutes after renm

In the white rat pepsanurin as well as vasopressin can antagomze the increased
dresis and natriurests produced by 25 to 50 mU of punified oxytocn containg
less than 3 per cent of vasopressin (Fig 3}

Sympatholytic drugs such as dibenamine or hydrogenated ergot alkaloids which
produce a powerful mhibition of the antidwretic effects of enteramine (Erspamer
1952) do not modify the antidruresis caused by ether vasopressin or pepsanurin

The antidwretic effect of pepsanurm seems to be due mamly to an ncrease cf
water absorption by the renal tubules However a vasoconstrictor action upon the
glomerular vessels cannot be excluded although there 1s no systemrc hypertensive
effect Moderate amounts of pepsanurin (providing they do not decrease the output
of urine below 5o per cent of that of the controls) do not have a stgmificant effect
upon creatimne clearance but if there 15 an mntense hibition of diuresis creatimine
clearance 15 strongly affected It can be assumed from this, that m addition to 1n
creased tubular reabsorption of water a decrease 1n glomerular filtration mav be
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It was established first of all that by treating hy pertensinogen with pepsin, a vaso
pressor substance (which we called ‘pepsitensin’) could be obtamed Besides having
various chemical Pproperties 1n common with hypcrtensm, pepsitensin acts 1n a
similar way upon several types of plam muscle Like hypertensin 1t 1s inactinvated by
all the crystalline proteolytic enzymes including pepsin After pepsitensin has been
formed by the mcubation of hy pertensinogen with pepsin {at pH 3 5 for 3 to 4 hours)
and the proten has been discarded, the residual extract contains the vasopressor
principle, mixed with large amounts of inactive peptides If this is subjected to further
digestion with pepsin (at pH 2 5) 1t loses all of its vasopre.sor effects and a great deal
of 1ts oxytocic activity but an antidwretic activity 1ppears The same result can be
obtamned, 1f instend of the two successive digestions, hydrolysis 1s performed 1n one
stage for a longer pertod (8-14 hours)

The antidweretic substance does not necessarily derive from pepsitensin 1f hyper-
tensinogen preparntions are trented with renin long enough to convert the hyper
tensinogen entirely to hypertensin which 1s then dialysed away, treatment with
pepsin does not then cause hiberation of pepsitensin Instead, 1t gives rise to a potent
antidiuretic substance Sera of different mammals have been used as starting material
(human ox cat and rat) with ssmilar qualitative results Hydrolysis of human
and ox serum albumin by pepsin 1lso sets frec substances with a marked antidiurctic
action After punfication involving adsorption with charcoal clution with glacial
acetic nad and fractional precipitation with acetone and ether an extract 1s ob
tamed contuning 30 per cent of the mitial 1ctrvaty o 2 ml of this extract, contam
g 1to 3 mg of sohds produces an antidretic effect which lasts up to 2 to 3 hours
after mjection (Fig, 1)

ANTIDIURETIC ACTIVITY OF PEPSANURIN (PN) (GILMAN GOODMAN TEST)
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produced The latter effect has also been noticed when a pronounced antidiuretic
effect 15 obtained with vasopressin (Barnafi Croxatto & Rrause 1956)

The profound influence that neurchypophysial extracts exert upon the water
balance of the amphibrans can also be observed with digests of hypertensinogen or
of plasma hydrolysates In Bufo chilensis the latter preparations increase the water
uptake through the skin, 1 ¢ they produce a similar effect as that caused by posterior
lobe extracts in frogs (Brunn rg21}

Persanurm seems to be a pepude since chymotrypsin completely destroys s
actiity (Figs 4 and 5) which neither pepsin nor carboxypeptidase are able to do,
trypsin has only a slight effect Vasopressin shows a surprisingly stmilar behaviour
carboxypeptidase and pepsin haye no effect and chymotry psin destroys 1t completely
trypsin quickly destroys the vasopressor actuvity but the antidwuretic actaty of
vasopressin 1s only partially affected

EFFECT OF GHYMOTRYPSIX ON PEPSANURIN ACTIVITY
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Figure 4

Antidiuret ¢ effect (Burn s test) of 0 2 ml of n extract contain ng pepsan
unin and of 0 2 ml of the same extract incubated with chymotrypsin The
P eparation was obtained f om hars serum hypertensmogen

Pepsanurin does not seem to origmate from a speaific substrate 1 plasma 1t has
been obtamned from both serum albumin and serum globulims when using human
plasma fractioned by the method of Green & Bumpus (1954) Albumun yielded a
slhightly lugher antidwretic activity than hypertensimogen but most of the expert
ments described up to date were carnted out with extracts fros
from different sources

Using purified pig hypertensinogen® an antidiuretic substance 1s released even
fter removal of the hypertensin formed by previous mcubation with renm When
this preparation 15 myjected no vasoconstrictor effect 15 shown but a slight and

* A highly purified sample generously supp! ed by M F Bumpus

m hypertensmogen
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EFFECT OF PEPSARURIN ON DIURESIS OF
HYPOPHYSEGTOMIZED (HYPERNYDRATED) RATS
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Figure 2

Percentage unine output of water loaded rats (water load 5 per cent of
hody weight)

(1) Hypophys Cont = Hypophysectormzed rats mjected wih 0 5 m1 of
09 per cent NaCl solution and previously treated w th cortsone

(2) Normal Cont = Normal rats injected with 0 5ml of 0 g p r cent
NaCl solution

{3) Norm Pepsanurp = Normal rass injected wath o 5m) pepsapunn
(horse serum hyf ertensinogen) extract

(4) Hvpophvs Pepsanurin = Hypophysectomized rats wjected vith o 5
ml pepsanunn extract

(5) Hyprphys Cortisone Pepsanur n = Hypophy ectomized rats previous
ly treated with ccrt sone and njected with o 5ml pepsanunn extract
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0 ytoe

Fugure 3
Effects up n diuress obtained in water loaded
rats v ith igections of
(a) 50 mU oxytocn subcutaneously
(5) 0 g per cent NaCl solution subcutane

ously
© 50 U exytocrn $ beutaneously plus
Oxyroc o 1ml p psanu 1n €xiract 1ntrap riton
P beo eally
(d) o x ml p psanurn extract int ap T ton
eally
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Figure 5

Rat anaesthetized with cthanol Urine collected continuously and
the volume measured every 5 mn
1 = Injecuon of 0 1 ml of an extract obtaned from hypertensin
ogen It was ueated with remn dialysed and ancubated for 3
hours with chymotrypsin
2 == Injection of the same preparation not incubated with chymo-

trypsin

transient fall of blood pressure 1s seen From 5 to 10 mg hypertensinogen an eatract1s
finally obtamned with an antidiuretic potency equuvalent to that of about 10 mU
vasopressin (Venezian 1955) Pepsanurin contaming extracts have oxytocic effects
of varying intensity No eatract free of oxytocic activity has as yet been prepared
‘The anudwretic prinaiple differs from vasopressin since 1t has no pressor activity
It 1s inactivated by chymotrypsin but the serum of pregnant women does not affect it
(Fig 6) although 1t destroys vasopressin very easily (Croxatto Barnafi & Ferrer
19546) This suggests a dufference 1 the chemical composition of the two principles

PEPSITOCIN

As reported before 1t seems possible that an oxytocic substance different from the
antidiretic principle occurs i peptic hydrolysates Thus extracts with the same
antidiuretic actiaty may depending on their ongin hay ea different oxy tocic potency

A higher yield of anudiuretic substance 1s obtamed from the albumin fraction of
plasma, while higher oxytocic potency 1s obtained from the globulin fraction The
oxytocic activity withstands the action of pepsin and trypsmn but 1t 15 destroyed by
chymotry psin and 1s more easily extracted from water by butanol than 1s pepsanunn

56



Polypeptrdes wath postenor piturtary hike aclivaties

80 Gantrol
° Vosop Preg S
60
o 40[ Vasopressin
s
=
g Papsanurin
: 20h Pepsan~-Prag 5
&
s
: L
2 T . 2 .

30 60 90 120
Time - Minutes

Fi ure 6

Antid uretic effects n rats (Burns test) mjected with 1asopressn and
pepsanurin both sncubated and non incubat d with the serum { preg
nant women (eighth month)

Control  rats ingected with 0 8 per cent NaCl solution

Vasop Preg S = omU vasopressin incubat d f 6 hourss itho 15 m}
pregnancy serum

\asopressin - ,omU sasopressir

Pepsanurin = 0 1 ml extract ol taned from human serum

Pepsan Ireg S — 01 ml of the same extract incubat d for 6 hours with
o 15 ml pregancy serum

The oxytocic potency of hypertensinogen extracts is very slowly destroyed when
tncubated at pH 7 to 7 2 with carboxypeptidase this does not occur with oaytocin

It can be assumed that pepsitocin s different from bradykimin or pepsitensin
(Venezian 1955) When hypertensmogen 1s previously treated with renin so s to
exhaust hypertensin production and hypertensin 1s then ebmnated by dialysis
trypuc action does not produce bradyhmin (Rocha e Silva 1951) nor 1s pepsitensin
produced 1f digestion 15 accomplished by pepsin (pH 3 5) after prolonged treatment
with remn If hypertensinogen preparations free of hypertensin are submutted to 1
long period of digestion with pepsin (pH 2 5) an extract having both oxytocic and
antiduretic activity and with no vasoconstrictor activity can be prepared

Hypertensinogen hydrolysates previously treated with renin show less oxytocic
activity than untreated extracts The contrary 1s observed with the antidiuretic
potency When hypertensinagen 15 hydrolysed with pepsin for 11 hours and the
alcohol soluble polypeptides {pH 5 2) are removed the denatured hypertensinogen
remaining forms neither an oxytocic nor an antidruretic substance 1if submutted to a
second hydrolysis with pepsin (Venezian 1955)

The purification of both pepsitocm and pepsanurin 15 still in a prelmmary stage
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and 1t would therefore be premature to assume a relationship between them and the
1ctive peptides of the neurohy pophysis or the albumin 1solated by van Dyke, Chow,
Greep & Rothen (1942) However, 1t can be claimed that they are not 1dentical
pepsanurin differs from both vasopressin and van Dyke's protein because 1t has no
vasoconstrictor effect and resists the action of the vasopressinase contained 1 the
serum of pregnant women Pepsttocin also 1s not mactivated by pregnancy serum and
1t differs further from oxytocin because 1t 1s destroyed by carboxypeptidase, suggest
ing that 1t has free carboxyl groups

GENERAL REMARKS

The substances released by the hydrolytic action of pepsin mught be regarded as
artefacts of pharmacological interest only But 1f pepsin 1s able to iberate hypertensin
like substances from the same substrate as that for renin one 15 tempted to consider
the possibility that the blood proteins could also supply precursors for other peptides
Speaific enzymes 1n the tissues or in the blood might react with circulating substrates
to produce other active peptides It 15 possible for cxample that hypothalamic nucles
and the hypophysis are cipable of elaborating active peptides by hydrolytic mech
anisms
On the other hand the presence of an anudiuretc substance among the peptides
formed by the enzymatic action of pepsin could explamn some controversial results of
csumations of antidiuretic activity in blood the antidiuretic effects of serum plasma
or blood when njected ntrapenitoneally mnto water loaded rats, are due not only
to the antidiuretic hormone but also to a different substance presumably similar to
pepsanurin In our experience the antiduretic activaty of blood when measured with
Burn s (1931) test 15 always higher than expected In other words it 1s greater than
could be accounted for by the amount of vasopressin contaned m the blood and
released by neurohypophysis under different conditions This high antidiuretic potency
1s not due to some of the factors developed during coagulation (Croxatto Phister
& M 1955) Itd hes or disappears after incubation at 38 C or nfter
prolonged dialysis (Croaatto Andrade & Barnafi 1952) Recent cxperiments demon
strated that mere acidification (to pH 4) of plasma mcreases both antidiretic 1nd
oxytocic potency whether the plasma had been dialysed for a few hours or not We
could show that the level of antiduretic and oxytocic activity of the blood m hypo
physectomized rats decreases shightly during the first weeh following the operation
but that 1t 1s then mamtuned even when the blood 15 obtamed from rats during 1
peniod of polyuna
When cstimated by intrapenitoneal mjections both the oxytocic and the anti

dwretic actisity were as high in the blood of patients with dabetes msipidus as in
normal subjects (Croxatto, Barnafi Lopez & Andrade 1954a) (Fig 7) Moreover
we have found an anudmreuc substance 1 the blood of pregnant women which
must be different from sasopressin since as 1s well known (von Fehete 1930 Page
1946 Croxatto Reyes & Croxatto 1947 Croxatto Vera & Barnafi 1953} durning
pregnancy blood mactivates the antidretic hormone at a high rate Nc»cn.ht:lcsii
during the last month of pregnancy the antidiuretic potency of plasma as measures
by the intraperitoneal method 13 much higher than that i the pli;sma of noln
pregnant women All thus leads to the assumption that a protein substrate mn the
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plasma which to some extent 1s protected {rom mactnaung factors gues rise to the
substance which praduces this d effect It b d by dealysis and m-
cnbation at 37 destroys 1t When plasma 15 myected mto the intraperstoneal cavity
of the rat the actnve substance 1s biberated and the antidauretic effect ss produced

‘When serum or plasma 15 deprved of 1ts aptdrareue actn sty erther by incubation
or by prolonged dialysis and 1s then treated with pepsin (he antidwirenc acton be
comes even stronger than it was imtially Thus © would seem that these are at least
three antidiuretic factors 1 the plasma  firstly the neurohypophysial antrdivrenc
hormone wluch can be rapdly remos ed by dialysis and which 1s easdy mactnated by
vasopressinase  secondly a substance hoked with protems and protected from the
action of inactnatng factar bur which can be {aily well elrmmated hy dualyos or
which can be destroyed by prolonged incubation and therdly a factor which s
Liberated by the hydrolytic acuon of pepsin The thwrd factor 13 the substance for
which we have provisionally cowed the name pepsanurin
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Duscussion
Charrman R Gaunt

Gaunt Are all your substances actine intravenously?

Croxatte Yes they are actne However the anudwrenc substance duffers from vaso
pressis 1 besng less active when given intravenously

Aable The findmgs presented showing a marked reduction m the total output of
urine 10 the rat after the snjectzon of actne fracttons rasse the question of speaificaty
of such action m the Burn method of assay Although I would bke to discuss this
matter in more detul in my own paper we have felt that in the assay of unne extracts
the test rats should excrete at least 50 per cent of the admunustered water 1f they
cacrete less we believe that antdwrenc values obtained are erroneons, and that
nos speafic toxiaty or local vascular effects may be responsble for the antdwrenc
achon Assays at different dose levels would be of mierest and I wonder if Dr
Croxatio has run tests at other than the single dose level ndicated on his shdes®

Crexatle Our antdmrens assays were not confined to that described by Burn and we
found an antdmsetic effect wath all methods Nether toxse effects nor arcnlatory
changes were found even when the substances were injected mtravenously We got
the same results with preparations of varying degrees of punty

Gross Thd you notice any hypolensive actnvity with your pepinde? It 1s well hnown
that certan peptides extracted from the plasma and also from the hypothalamus
have 2 tong tasting hypotensne acunny

Croxatty 1o rats these extracts have no effect upon blood pressure except when given
mvery large amounts They were not tested in cats

ran Dake Do these preparatons have any effect on the renal arculation 1 ¢ on renal
plasrea flow and glomerular filraton rate?

Craxatio We have estmated creatmne clearance and we find the same effect as that
obtamed with vasopressin with moderate doses there 1s no effect

wan Dyke 1 doubt if anyone has really shown that vasopressn can be detected n
penpheral blood of intact anymals the amount present ts so mmute that it can hardly
be estimated accurately Musky (Marsky Stem & Paulssch Endocrinology 54 391
1954) for wstance finds the gh figure of about 20 mU 106 ml 1 rats His control
expenments were done n dogs and would suggest extremely lagh levels of hormone

The other factor £ would Ithe to comment on 15 the alleged dwreuc cffect of
ovytocinn We have studied punfied synthetic oxytocm and the natural product and
wehave imaniably obtained an anndwreuc effect Fraser (F Physiol (Lond ) 105 236
1942) detected no dwretic effect after very large intravenous doses m dogs

Croxatts When blood 1s imjected mtrapentoneatly we nre quite certam that the effects
seen are not solely due to vasopressin S : else 15 d m ar b i

from the blood which sncreases the antidwretic effect This may eaplan why wehave
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found no differences n the antidiuretic potency between the blood of normal subjects
and patients with diabetes msipidus
Concerning the dwretic and natriuretic effects obtamned with our oxytocin pre

paration and the different results obtaned with pure oxytocn, we can assume either
that the former contain a contamnant substance or that we are dealing with species
differences In white rats natriuretic effects with oxytocn were always obtamed but
this was not so 1n grey rats Possibly this difference can be attributed to the fact that
grey rats bemng very excitable ammals, respond to the mgection wath a release of
vasopressin

van Dyke My remarks, of course apply to highly punified oxytocin and not to your
preparations

Yoffy Twonder if the different results after intraperitoneal and mtravenous wyections
are partly explainable by lymphatic absorption A protemn njected mto the pert
toneum would be absorbed by lymphatics and we know that lymph glands can do
strange things to protemns in a matter of 10 minutes or so It might be worth while to
see what happens when you ncubate some of your preparations with lymphatic
tissue

Croxatto We thought that perhaps the Iiver was involved but your suggestion requires
consideration

Walker Are the activities of pepsitocin and pepsanurin retawned after incubation with
sodium thioglycollate, which 1s a substance often used by some of us to try to identify
substances of pituitary origin?

Croxatte This has not been tested

Heller With regard to the effect of oxytocin I believe that Professor van Dyhe did not
get a natriuretic effect after mjecting 1t intravenously into dogs I wonder 1if there may
be a species difference we have confirmed the reports of a natriuretic effect of
oxvtocin m the rat and 1t seems possible that this 1s due to the renal vascular changes
which can be produced by Pitocin in this species (Dicker & Heller 7 Physiol (Lond)
104, 353 1946) but so far nobody seems to have reported an mcrease of renal
sodium excretion 1 the dog

wan Dyke Thus 1s a possible eaplanation

Pickford We have sometimes found oxytocm to cause a sodum outpourmg n the dog
but this 1s not always so and may depend upon the size of the dose we used

Sauper Whether one gets a dwretic effect with oxytocin mn the rat seems to depend
upon the sodium load (Sawyer imer F Plysiol 1952 169, 583) If the rat 1s excret
ing a large amount of sodium_oxytocin may ncrease this and thus produce an os
motic diuresis The diet, therefore mght be 1mportant in determining whether one
sees a diuretic response or not

In Dr Croxatto s expennments m which he showed the antidiuretic effect of whole
serum yected mtraperitoneally, did he exclude the possibility that the dialysable
antidretic substance 1s 5 hydroxytryptamme rather than a polypeptide?
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Croxatto This 1s eliminated because the effect was not blocked by dibenamine and
hydrogenated ergot alkaloids

Esen Oxytocic actvity 1s very readily produced m blood, plasma or serum from
many mammalian species including man Professor C A Keele and hus collaborators
have shown that such activity may result from mere contact with glass (Armstrong,
Keele, Jepsen & Stewart, Nature (Lond } 174, 791, 1954) This uterine shimulation 15
ascribed to a substance provisionally called pain producing substance (PPS) It
differs from 5 hydroaytryptamune m several aspects, and from bradyhinin m 1ts
susceptibility to proteolytic enzymes I have tested these substances in rats anaesthet

1zed with ethanol and I found that their antidiuretic action 1s very vanable when in

Jected intravenously For example, 5 hydroxytryptamme rarely produces a reduction
n the urine flow 1n doses smaller than 5-10 ug [kg, often 20 ug jhg or more are
needed When 1t 1s found that an antidisretic substance 1s more potent by the sub

cutaneous than by the intravenous route, one should bear mn mind that there are
several ways in which the unne flow mny be reduced such as pamn stress and non

specific toniaaty 1 wonder also whether Professor Croxatto would have obtained
oxytocic activity with less drastic extraction procedures

Croxatto Chymotrypsin destroys the oxytocic and antidwretic activity of my extracts
which eliminates the possibility that 1t 1s due either to 5 hydroaytryptamine or to
other non pepude substances We have found that simple treatment of plasma with
hydrochloric acid (pHg) gives nise to oxytocic and antidiuretic actiity

Ersen With regard to the speaficity of this antidiuretic effect, I have noted that pam
will produce an antidiuretic response 1n an ammal with established diabetes mstpidus
following section of the supraoptico hypophysial tract
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The storage and lLiberatron of neurohypophysial
hormones®
by

H B VAN DYAE KARLIS ADAMSONS, Jr and STANFORD L ENGEL%
Department of Phaymacology Colle,e of Physicsans and Surgeons Columbia Unirersity New York

In all mammals the principal site of storage of the neurohy pophysial hormones 15
the posterior lobe of the pitwitary body Recently, as a result of the observations of
Ranson and his co workers, Verney, Hams and other nvestigators on the hypo
thalamic control of the hiberation of the hormones as well as a renewed interest 1n
the secretory activity of certan hypothalamic neurones (E and B Schaner Barg
mann and therr collaborators) the distribution of the hormones 1n the hypothalamus
has been carefully scrutinized especially i the dog

Early expeniments suggested that differences among species may be considerable
Abel (1924) was perhaps the first to report that simple extracts of the hypothalamus
contain 1asopressor and uterine stimulating substances Abel used tissues of sheep
Later van Dyke {(1926) could detect only a minute amount of oxytocin in the tuber
cmereum of the ox In the same tissue of the dog Sato (1928) and Trendelenburg
(1928) found more oxytocin than in the bovine tuber cinereum as well as a consider
able amount of 1ntidiuretic hormene the quantities of both hormones i the tuber
cnereum mcreased sharply after hypophysectomy All subsequent work indrcates
that the hypothal of the dog more antidretic hormone than that of
any other mammal The information concerming other mammals 1s much less com
plete and 1ncludes observations often fragmentary, on man the macaque monhey
ox camel hogand rat Table 1 summanizes these reports which are based upon assay
methods of varied reliability The best established figures are believed to be those
for the dog The proportion of total vasopressor antrdiuretic hormone in the hypo
thalamus 15 about 7 to 50 times as great in the dog as in other ammals A strhangly
smaller proportion of the total oxytoctn 1s 1 the camine hypothalamus which 1n this
respect, although relatively nch 1 the hormone resembles that of other mammals

Peculiariues of the storage of the hormones 1 gross divisions of the hy pothalamus
are of mterest These are 1llustrated m Frg 1 bv a comparison between the dog and
the camel based upon assays of the dissected tissues 1 our laboratory (van Dyhe
Adamsons & Engel 1955 Adamsons Engel van Dyke Schrudt Nielsen &
Schrmdt Nielsen 1956) All divisions of the hypothalamus of the dog were much

The n estgatve work was supported by grants f om tte National Heart Institute of the Natonal
Tast yutes of Health (H 1,88) U'S Publ ¢ Health Sers ce and from the Lilla Babb s Hy de Foundatin
t Research Assistant suppo ted by a esearch grant (H 1788) f om the National Heart Instiate of th
“attonal Tnst tutes of Health U S Publ ¢ Health Serice Hate of the
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Tanee I
The distribution of neurohypophssial hormones in the Iy pothalamus and posterior lobe of the pututary®

! Vasopressin ’ Oxytocin
Ammal l
Hypothal | Dost lobe ’ Hj pothal Post lobe

l per cent per cent E per cent per cent
Dog 200 80 ( 23 >97
Dog¢ I 150 r 85 | 80 92
Camel 04 > 99 12 > 98
One ! oz | g9 ( 03 > 99
Hog® o5 > 99 05 > 99
Rat® 30 97 <10 > 99
Monkey 04 > 99 r € > 99
(Macaque) |
Man 07 > gg% ! -— > gg¢
Mane 17 > 98 | 25 > 97

a Hild & Zetler 1951 or 1952

5 S Henry unpublished

¢ Less than 50 mU 6 700 mU 1n posterior lobe of monkey
4 Two specsmens includes 1nfundibular stem

Some results ofl'hld & Zetler are used m Table1 The reliabiliry of theiwr methods of assay and the validity
of their and hormone are different substances have not been accepted
Ly van Dyke Adamsons & Engel (1955) Thm- data alone are available for the hypothalamus of tt e ox and
hog therr figures for vasopressin and antidiurene hormone have been averaged on the assumption that the

same substance had been assayed by two different methods
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richer tm vasopressin whereas, at least in the paraventricular nuclet, the camel tissue
contained more oaytocn The difference 1 the amount of oxytocn 1n the tuber
cinereum of the dog and camel was not significant The total amount of both her-
mones was of course, much greater in the camel neurchypophysis owing to the much
greater size of the posterior lobe (about 65 mg after desiccation by acetone i com
panson with 3 5 mg for the dog)

The ratio of vasopressin to oxytocin 1 terms of the stored products in the hypo-
thalamus and posterior fobe has an important beanng on theories concerning the
secretion of the polypeptides Information concerning the ratio of the two principles
1n several mammals 1s summanzed in Table 1 comparisons of the ratio 1n divisions

TapLe II

dpproxmate ratios (V]0) of tasopressin {o oxptocan in the
kypothalamus and posterior lobe

! 1/0m
Anmal  ——— ——————
) Hypothal | Post lobe
Dog 17 s
Carel [ 33
Rat i3

5
S S B
¥/0 1n the posterior lobe of the ox hog

monkey and man (3 specimens) were
14 171 15and1 2respectively
Taste IIT

Approsimate ratios of 2asopressin to oxzloan i dursions of the
hypothalamus and postenior lobe

VO
Ammal ! Parnentric Supraoptic Tuber Postenor

nucler nucler cnereum lobe

Dog 15 24 "
4 5

Camel i oz 22 1

5

| 33

-

|

of the hypothalamus of the dog and camel will be found 1 Table 1 The reader 1s
warned that the ratos listed represent approximations espectally i the rat hypo

thalamus which contawns only about 16 mU of vasopressin and 3 4 mU of oxytocin
as average amounts
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According to the theory of neurosecretion, the neurones of the paraventricular and
supraoptic nuclet secrete the hormones which migrate 1n or along their axones and
are finally stored in the posterior lobe It 1s said that a carrier substance, different
from the hormones, serves for transport and 1s identified lustologically by the chrome
alum haematoxyhn phloxine stan (Hild & Zetler 1953) Among the animals listed
i Table 1 the dog clearly differs from the other mammals 1n the very high rato of
vasopressin to oxytocmn in the hypothalamus, 17, 1 comparison with the low ratio
of 1 5 1n the posterior lobe (Vogt, 1953, reported V/O ratios of approsimately 14 m
the hypothalamus and of 1 1n the posterior lobe of the dog ) No explanation of this
discrepancy has been suggested by experiments Miss Sarah Henry, worhmg with
canine or murine hypothalam: and posterior lobes incubated the tissues 1 various
medra but was unable to demonstrate a formation of either hormone or a conversion
of one to the other 1 a1tr0 Great techmical difficulties were encountered, especaally
m exact dissection Vogt (1953) suggested that the site of elaboration of oxytocin
mght be in the posterior lobe or that 1ts final synthesis might occur dunng its transfer
1 the axones termmating in the posterior lobe Another possibility 15 that different
neurones secrete vasopressin and oxytocin and that usually except for vasopressin n
the dog, final synthesis takes place 1 the postertor lobe Lastly 1t 1s concersable that
the transfer from the hypothalamus to the posterior lobe may be very rapid for
axytocin and slow for vasopressin mn the dog whereas 1¢ 1s relatively raprd for both
hormones n other mammals

A comparison of the V/O ratios in the dog and camel in which estimates nre based
upon 1dentical methods of assay 15 given in Table 1 The very low ratio (0 2) 1n the
paraventricular nucler of the camel 1n comparison with about 15 in the dog suggests 3
high rate of secretion of oxytocin in these nuclei in the camel This finding may be
related to Olivecrona s (1954) conclusion based upon briefly described expertments,
that the same nucle: n the rat regulate the production of oxytocin by the postersor
lobe The ¥/O ratio m the posterior lobe of the camel pituttary although clearly
different from the dog and ox 15 not exceptional Rattos of 2 to 3 have been reported
n the posterior lobe of the gunea pig rabbit, wallaby and finbach whale and of
12 5 the sperm whale Exen lugherratios have been found i foetal postertor lobes
(For references see van Dyke Adamsons & Engel 1955)

The nvestigations which have been made furnish no information concerning the
rate of secretion of the hormones by hy pothalamic neuroncs A high rate of secretion
could be associated with a rapid transfer to the posterior lobe and a low concentration
mn hypothalamc nucler Possibly a slow rate of transfer accounts for the exceptionally
large quanuty of vasopressor antidiuretic hormone found 1n the dog s hypothalamus
If the quantity of hormone 1 the hypothalamus be taken as 1 the stored product in
the posterior lobe 1s 4 for vasopressor antidiuretic hormone and about 44 for oxytocn
1n the dog In the camel the corresponding figures are about 225 and 8o respecti ely
Other mammals appear to resemble the cumel rather than the dog Presumably the
hormones found 1n the tuber cinereum represent seeretions undergomng transfer to
the postenor lobe

The principal depot for storage 1s the posterior lobe In only one mammal the ox
1s there information concerning stored hormones Roseafeld (rg40), showed that the

pressor actinities of fluid pressed from posterior lobes behaved 1n the
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ultracentnfuge as 1f parts of one or more large molecules, after the flmd had been
heated at a pH of about 4, the activities 1ppeared to be small molecules sedimenting
at 1 very much slower rate A protemn which could account for Rosenfeld s findings
was wolated by van Dyke, Chow Greep & Rothen (1942) It appeared to be
a pure substance with a molecular weight of about 30,000 Constant antidwretic,
pressor and oxytocic actisitics were assoctated with this proten One U S P umit of
each activity was about 60 micrograms or about one thirtieth of the potency of the
pure polypeptides 1solated by du Vigneaud and his co workers Itis not known what
proportion of the total oxytocin and vasopressin in the postertor lobe of oxen 15
represented by this proten The isolation of the pure substance was necessarily waste
ful and only about 5 per cent of the onginal activity could be recovered Our present
view 1s that a protem contaimng the polypeptides 15stored 1n the posterior lobe of oxen
Antidwtretic hormone in the urine of dogs underwent sedimentation 1n the ultracentri
fuge as 1f part of a large molecule, however adsorption of the free hormone could not
be excluded (Ames Moore & van Dyke 1950) The polypeptides are probably readily
Iiberated from this protemn by muld procedures What proportions of the total active
polypeptides are free or protein linked 1s unhnown although Rosenfeld s experzments
suggest that the proportion of free oxytocin or vasopressin 15 low The question of
Liberation of the hormones 1n response to physiological demands 1s another aspect of
the problem

How 15 the distribution of the hormones mn the hypothalamus and posterior lobe
modified by depletion of one or both hormones?® Hild & Zetler (1953) and Zetler
(1953) concluded that prolonged severe dehydration in the dog led to a marked
depletion of vasopressin and antiduretic hormone 1n both the hypothalamic divisions
of the neurohypophysts 1nd the posterior lobe The reduction 1n the concentration
of oxytocin was less striking Thewr major conclusions from these and other exper1
ments were (a) vasopressin antidwretic hormone and oxytocn are different hor
mones and (b) the rate of repletion 1n the hypothalamus 1s most rapid for oxytocin
and slowest for antidiuretic hormone Van Dyke Adamsons & Engel (1955) criticized
their methods of biological assay and disagreed with thetr conclusion that antiduretic
hormone differs from vasopressin Itis our belief that antidiuretic hormone and vaso
pressin are identical and that better confirmatory experiments will have to be per
formed before conclusions can be reached concerning the rates of repletion of
oaytocin and vasopressin

Dicker & Tyler (1953) reported that the ratio of vasopressin to oxytocin 1n the
posterior lobe of several mammals nises during parturition and especrally during
lactation For example m the dog ¥/O was found to be about 5 4 duning lactation
(4 dogs) m comparison with 1 0 n 8 normal dogs We also have mnvestigated the
distribution and V/O ratio 1n the divisions of the neurohypophysis in lactating dogs
Results with 7 dogs were reported 1n 1955 recently the series has been expanded to
t1 lactating dogs which as a group can be compared with a group of 12 normal dogs
Only m the posterior lobe was there a sigmificant fall in oxytocn (10 500 mU
normal to 4300 mU lactating P = 0 0002 and a rise n the V/0 ratio (1 65
normal to g 52 lactating P = 0 002) Antidwretic hormone also was lower 1n the
posterior lobe of lactating dogs (17 100 mU normal and 12 700 mU lactatmg
P =0 05) The amounts of hormones 1n dnsions of the hypothalamus eacept the
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supraoptic nucler fell m lactating dogs but the variability of the results prevented
the reaching of satisfactory conelusions (P = o 14-0 18 for oxytoan and 0 10-0 13
for anudiretic hormone) The ratio, V/Q was not altered m any division of the
hypothalamus The following conclusions are tentatively offered () onytocn and
antidretic hormone are depleted from the posterior lobe of the lactating dog, (5) the
depletion of oxytocin 1s the greater and (¢) assays in suffictently enlarged groups of
normal and lactating dogs might demonstrate a depletion of antidiuretic hormone m
the paraventricular nucler and tuber cimereum but not 1n the supraoptic nuclel
Dicker & Tyler (1953) reported figures suggesting decreased storage of vasopressin
i the postenior lobe of lactating rats, guinea pigs and cats but not dogs

Apart from esperimental diabetes insipidus and extirpauon of parts or the whole
pituitary body, all other reports of depletion of the hormones experimentally are
restricted to the posterior lobe It appears that when severe depletion of one hormone
15 produced such as a fall in antidiuretic hormone with dehydration the amount of
the other hormone oxytocin, also 1s greatly reduced

Are both hormones liberated endogenously although the simulus evohing thewr
release appears to require only one? In a strict sense the answer appears to be affir
mative and the evidence has been reviewed recently by Harnis (1955) However the
liberated hormones present 1n extremely minute amounts are usually detected by
therr cffects on target organs such as the kidney the uterus or the lactating mammary
gland Exogenous vasopressin or oxytocin have been myected to mumic the effects of
endogenous hormones The estimates from such work suggest that although both
hormones are iberated the proportion of oxytocn released 1s very much higher des
pute the fact that teleologically vasopressin may be the hormone the organism requires
under particular experimental conditions Quantitative estimates of total amounts of
released hormone or of the rate of release appear to be of little value 1f rehance be
placed on 1ssays of the hormones 1n the urine No satisfactory experiments in which
vasopressin and oxytocin have been simultaneously measured mn blood plasma or
serum have been reported as a basis for deciding what amounts of the two hormones
are hberated simultaneously We have failed in numerous attempts to secure 1
formation from the blood plasma of the external or mternal jugular vens of anesthet
1zed dogs receiving intracarotid mjections of large doses of drugs such as nicotine
salicylate or morphine sulphate Smmple calculations reveal that relanvely large
quantitics of hormones would have to be liberated 1f they are to be accurately deter
mined 1 the jugular blood, even when this 1s restricted as far as possible to drainage
of the bram Blood of the cavernous sinus may contain a very high concentration of
hormones (e g 16 mU of antidwretic hormone and 4 mU of oxytocn per ml of
plasma) but a local mjury of the posterior lobe or related structures has not been
excluded

New mformauon 1s available concerning the mammalian distribution of the free
neurchypophysial hormones which du Vigneaud and his colleagues wsolated The
ammo acid sequences of oxytocin and the two vasopressins are shown i Fig 2 In
comparing the effects of lysne and arginine vasopressin van Dyhe, Engel & Adam
sons (1956) discovered that punified natural lysine vasopressin furnished by Professor
du Vigneaud, differs from argmme vasopressin 1n only one important respect 1t
has a much lower relative potency as wn witrazenous anndruretic agent than argumne
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THE SEQUENCE OF AMINO AGIDS
IN NEUROHYPOPHYSIAL HORMONES

* ]
CyS Tyr Tleu Glu(NHp) Asp(NHp) CyS Pro Leu Gly(NHz)

OXYTOQCIN
Hog and Ox Same in other mommals ®

%5 Tyr Phe Glu(NHZ) Asp(NHz) Cy3 Pro Arg Gly(NHp)

ARGININE VASOPRESSIN
Camel Caf Dog Maocaque monkey Mon OX Robbit Ral b Sheep

1
%y{Tyv Phe Glu{NHz) Asp(NHz) CyS Pro Lys Gly(NHp)
LYSINE VASOPRESSIN
Hog

X Position of free amino group
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The relative potencies of argin ne and lysine asopress ns The vasop essor potency of each

hormone tn the at or dog m terms of US P standard s given a value of 100 aganst which

the other potencics a e compared Ext acts of hog poste or lobe powder have the same relatne
pot naies as h ghly pur fied lysine vasc pressin

vasopressin The relative potencies of the two vasopressins are illustrated in Fig 3
The ghly punfied vasopressins were obtammed from the posterior lobes of cattle
(argmne vasopressin) and hogs (lysine vasopressin) and there has been no similar
product 1solated from another species By determinmg the relative potency of a
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posterior lobe extract as a vasopressor agent and as an intravenous antidiretic agent
good pharmacological evidence can be presented that the vasopressin present be
haves hke arginine vasopressin or like Iysine vasopressin  Such tests have been per
formed 1n extracts of the posterior lobe of the camel, cat, dog, hog, macaque monkey
ox, rabbit, rat and sheep and of man Only hog extracts had a relatnely low ant
diurenic potency when njected intravenously as if they contaned lysine vasopressin,
the extracts of all the other mammalian posterior lobes caused elevation of the blood
pressure and antidiuresis after intravenous injection as if they contaned arginine
vasopressin Proof that the vasopressin of the mammals other than the hog 1s arginine
vasopressin will have to await the isolation of the hormone from each species and the
eluctdation of its composition and structure as has been done for the argmine vaso
pressin of the ox

SUMMARY

The distribution of neurohypophysial hormones 1n the hypothalamus and posterior
lobe of the pituitary has been discussed Such information can describe how the
hormones are stared but does not indicate at what rate they are secreted or liberated
The dog among the mammals studied up to this time stores exceptionally large
amounts of vasopressin (antidwretic hormone) 1n the hypothalamus

The stored hormones of the posterior lobe of the ox appear at least mn part to be
linked to a protem with a molecular weight of about 30,000 To what extent this 15
true of other mammals 1s unhnown The depletion of hormones stored 1n the postertor
lobe, 1f severe probably affects both hormones although the teleological requirement
may be for only one hormone Target organ responses suggest that both hormones
are always liberated but that the proportion of oxytocin 1s much higher No successful
simultaneous and quantitative determinations of both hormones n the blood have
been reported

One oaytocn and two vasopressins, one contamning arginine, the other lysine are
known Only the hog, among mammals invesugated appears to secrete lysine vaso-
pressin
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Duscussion
Chairman R Gaunt

Dale Did 1 understand Professor van Dyke to say that the ratio of vasopressin/
oxytoan for the ox gland was 1 5 17 This 15 dafficult to understand, because by
definition one unit of vasopressin corresponds to the activity of 0 5 mg of the stand

ard dry preparation of ox pituttary posterior lobe, and the same amount corresponds
to 1 unit of oxytocn, so that the ratio for the ox pitustary must be 1 1, and nothing
else, unless 1t can be suggested that the International Standard Preparation does not
contain and yield to eatraction oxytocmn and vasopressin m the normal proportion

van Dyke Our conclusion depended upon the availability of pure or nearly pure
oxytocin and vasopressin Having these available we could then decide to what degree

vasopressin has oaytocic actiity and vice versa Takang these facts mto account we
arnved ataratioof 15 1

Dale It really mnvolves re defimtion of what 1s meant by a Unit?
van Dyke That 1s correct

Dale That 1s a matter which quite frankly seems to me of rather serious importance
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Heller Has Professor van Dyke compared the effects of mtravenous mjections of
Iysine and argimne vasopressin 1nto rats as well as intravenous mjections into dogs
and subcutaneous 1njections into rats®

van Dyke No In our laboratory only Dr Ames has had conspicuous success with 1n
travenous rat assays We find them too wmconsistent and too time consuming

Ginsburg It would be interesting to see the effect of these vasopressins n the pig

Dale Could Professor van Dyke tell us whether he studied the residual oxytocic
activity of hus two vasopressins ?

van Dyke Both preparations have some actvity when tested for mlk ejection effect,
and for vasodepressor actity in the fow! There was no significant difference between
the two preparations They were not tested on the uterus

Fromageot Professor van Dyke said that the two vasopressins act differently Lysine
vasopressin depressed urine excretion very rapidly as compared with argmine vaso
pressin when tested on the same amimals Could this be an after effect due to the
arginine vasopressin being given first?

van Dyke Usually there 13 a very abrupt fall n the first five minutes to maximum
even if there have been preceding injections of ether lysine or arginine vasopressit
The order of injections makes no difference

O Connor Professor van Dyke has mentioned the probable nature of the matersal
released from the neurohypophysis nto the blood stream, and referred to the findings
of several different workers that 1t has a vasopressm oxytocin ratio of 0 o1 to 0 25
Thus 1s a possibility of great interest to those concerned with renal function as it would
ndicate that enough oxytocic activity may occur in the circulation to mahe the effect
of oxytocin on the hidney of importance particularly 1n relation to the excretion of
sodium It occurs to me that in all of the examples where this vasopressin oxytocmn
ratio 1s so very low the sttmulus was one which produced the rapid relcase of large
quantities of hormone for example 1n dog the release of say 5 mU 1 a minute, as
opposed to the steady release of 0 1 to 0 3 mU per minute which appears to be
svolved m the phystological control of renal function Could Professor van Dyke tell
us whether at these slow steady rates of release, antdiurctic activity 1s set free mto
the blood stream without contamimation with something like a hundred times as
much oxytocic activity

1an Dyke The figures I quoted were from the literature and were not our own We
ourselves have found antidwretic activity, together with oxytocic activity, i the
blood drawn directly from the head chiefly from the external jugular with other
vessels tied off The amounts produced are of little sigmificance, because the doses of
drugs used to cause release of hormones and injected nto the carotid artery were un
physiologically ugh T cannot answer your question perhaps Dr Walker can help us

Walker It 1s a httle dfficult to comment on your remark out of the context of my
aper, but 1 think that the relatively high values which Dr Bisset and I have been
gcmn;; 1n the yugular venous blood of rats may be partly due to the fact that we have
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taken rather large amounts of blood from both external jugulars and removal of
blood has been shown by Ginsburg & Heller {F Endocr 9, 274, 1953) to be a potent
stimulus for the release of anudiuretic hormone

Ginsburg To return to Dr O Connor s pomnt, there 1s another difficulty msolved
the conception that oxytocin 1s always secreted mn excess of vasopressin Since the
ratto of the hormones in the gland 1n undisturbed anmmals may be presumed to be
constant, then the resynthesis of oxytocin would have to be many times faster than
that of vasopressin, 1f 1t 1s released in larger amounts This corollary to the propos:
tion that small physiological simuli also liberates excess of oxytocin is not easily
accepted

0 Connor ‘The amount of the hormone found 1n assays of the neurohypophysis 1s very
large representing several days supply of hormone at the slow rates of release ap

parently mvolved 1n controlling renal function Thus release may be only a small
fraction of the total turnover in the gland and so whatever 1ts vasopressin-oxytocin
ratio, would have Ittle effect 1n determumng the nature of the matenal needed to
mamian the hormone content in the gland

Ginsburg 1 do not agree with Dr O Connor There must be a balance between the
substances released and their repletion

G 1 Hams 1 wonder if Professor van Dyke would comment on the possibility that
the different results we have heard regarding the oxytocin vasopressin content of the
neurchypophyss 1 lactation, may be related to the suckling habits of the different
spectes Is 1t possible that the oxytocmn vasopressin relationships are not reduced 1n
the cow or goat that are mulhed only once or twice a day but are reduced 1n the rat
and dog 1n which the litter 1s left with the lactating mother throughout the whole day
and night? If the simulus to release of oxytocin 15 as seems likely a sensory sumulus
to the mipple by the suchling young and perhaps also vanous condittoning reflexes
set up by the presence of the young then 1t might be feasible that more oxytocn 15
released 1f the litter 15 present with the maternal ammal both day and mght as com

pared with the release 1f milhing 1s performed on only two occasions through the
twenty four hours

an Dyke 1 have no useful mformation to offer m reply to Professor Harris It appears
that the rather excessive depletion of hormones m our dogs represented the demand

imposed by nursing Our dogs and their litters were not carefully observed through
out the 24 hours of each day

G W Harms Were they with ther litters continuously
van Dyke Yes

Rosst Unpublished expeniments of Malandra (Isntuto di Anatorma e Istologia
Patologica University of Pavia) have shown that, in water loaded lactating rats
urmne flow decreases significantly durng the first hour after suchling and reaches
normal levels after 3 hr In lactaung but non suchling rats with the same expen
mental treatment there was no significant modification m urine excretion It seems
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Heller Hns Professor van Dyhe compared the effects of intravenous njections of
Iysinc and arginine vasopressin nto rats 1s well 1s intravenous mjcctions into dogs
and subcutaneous mjections 1nto rats?

van Dyke No In our laboratory only Dr Ames has had conspicuous success with
travenous rat assays We find them too inc and too time

g

Gunsburg It would be interesting to see the effect of these vasopressins  the pig

Dale Could Professor van Dyhe tell us whether he studied the residual oxytocic
activity of hus two vasopressins?

van Dyke Both preparations have some activity when tested for milk gection effect,
and for vasodepressor activity in the fowl There was no ssgmficant difference between
the two preparations They were not tested on the uterus

Fromageo! Professor van Dyhe said that the two vasopressins act differently Lysine
vasopressin depressed urine excretion very rapidly as compared wath arginne vaso
pressin when tested on the same 1mimals Could this be an after effect due to the
arginine vasopressin being given first?

tan Dyke Usually there 1s a very abrupt fall in the first five sminutes to maximum
evenaf there have been preceding injections of erther lysine or arginine vasopressin
The order of 1njections makes no dufference

O Connor Professor van Dyke has mentioned the probable nature of the materal
released from the neurohypophysis into the blood stream, and referred to the findings
of several different workers that 1t has a vasopressin oxvtocin ratio of o 01 to 0 25
This 15 a possibility of great interest to those concerned with renal function as it would
indicate that enough oxytocic activity may occur in the crculation to mahe the effect
of oxytocin on the hidney of importance particularly 1n relation to the excretion of
sodium It occurs to me that in all of the examples where this vasopressin oxytocin
rato 1s so very low, the stmulus was one which produced the rapud release of large
quantities of hormone for example 1n dog the release of say 5 mU 10 a minute s
opposed to the steady release of 0 1 to 0 3 mU per minute which appears to be n
volved 1n the physiologtcal control of renal function Could Professor van Dyke tell
us whether, at these slow steady rates of release, antdiuretic activity 1s set free 1o
the blood stream without contamunation with something like a hundred times as
much oxytocic activity

zan Dyke The figures I quoted were from the hterature and were not our own We
ourselves have found antdiretic activity together with oxytocic activity, 1n the
blood drawn directly from the head, chiefly from the eaternal jugular with other
vessels tied off The amounts produced are of little sigmificance because the doses of
drugs used to causc releasc of hormanes and mnjected mto the carotid artery were un
physiologically high I cinnotanswer your question perhaps Dr Walker can help us

Walker 1t 15 a hutle difficult to comment on your remarh out of the conteat of my
aper but I think that the relatively high values which Dr Bisset and I have been
gct}:lng 1n the yugular venous blood of rats, may be partly due to the fact that we have
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I a paper published m 1gog, H H Dale showed that the mtravenous injection of
postersor pituitary extracts mto cats resulted 1n the excretion of a pressor substance
and concluded that the active principle 1s excreted n the urmne’ Twenty six years
later Iarson {(1g35) n a short note n the Journal of Pharmacology reported that the
oaytocic as well as the pressor activity of posterior pituitary extracts was elimmated
by the hidneys of anaesthetized cats and dogs and Heller & Urban (1935) 1n the
same year showed that the unine of conscious rats mto which posterior pituitary
extract had been njected mntravenously acquired a pronounced antidiuretic action
Larson had found that amounts varymg from 12 8 to 37 7 per cent of the mtial
dose were excreted and Jones & Schlapp (1936) m sumlar eaperiments on cats con
cluded that on the average 28 per cent of the pressor activity appeared n the urine
It was clear from these and later invesugations (Heller, 1937 Ingram, Ladd &
Benbow 1939 Larson 1939) that—irrespective of the spectes or dose used—only a
part of the 1njected activity 15 ehmmated What s the fate of the unexcreted portion?®
Is 1t destroyed and 1f s0 1 which organ or organs of the mammalian body? The
solution of this problem which does obviously imply the quantitatve estimations of
the neurohy pophysial principles, 1 ¢ of peptide hormones i body flurds and tissues
meets formidable technical difficulties Chemical estimation of the active octapep
tides 15——in spite of the great advances made by du Vigneaud, Fromageot and their
co workers—as yet hardly a practical possibility The use of labelled hormones has
many ltmatations (discussed by Sonenberg & Money (1955) m connexion with the
anterior pituitary hormones) It remams therefore to measure distnibution and 1
activation of the posterior pitwitary prmciples by biological assay But 1t cannot be
determined by biological assay of impure preparations whether one 1s dealing with
small amounts of a very active substance or larger amounts of a less active derivative

THE STATE OF ENDOGENOUS AND ExOGENOUS POSTERIOR
PITUITARY PRINCIPLES IN BLOOD AND URINE
The form or forms m which the active poly peptides are secreted nto the blood 1s un
known Nor do we know i what form the native hormones arculate There are
several possibihies Gomon positive substance has been seen 1n the blood 1essels of
the posterior lobe of the giraffe (Hanstrom 1952) the rat (Rothballer 1953) and
the dog (Scharrer & Scharrer 1954) Do the hormones reach the blood linked with a
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wdicated therefore, when testing the neurohypophysial activity under these condt
tions, to consider carcfully not only the durtion of lactation but also the chronolog
1cal relationship betwceen the sumulus of suckhing and the test

Tollgy Suckhng under natural conditions by rats 1s not continuous but 1s mterrupted
by long periods of sleep, lthough of course, the suckling stimulus must be apphed
more frequently thann a yoat 1 would suggest that Professor Fromageot runs an
experiment with two groups of rats one with eight young and the other with say,
only two young In this way, the influence of varying degrees of suchling intensity
could be studied

Dale Alternatively, the hids could be left with the goats all day

Folley In our herd we do not usually allow the Juds to suckle after the first few days,
but of course 1t could be done 1f necessary

Dale T thank 1t pertinent to ask how these expersmental goats arc hilled Presumably
they nre not decapitated as 1s the case with the rat so that one cannot, perhaps, be
surc what 1s happeming to the blood supply of the head just 1t the ime of hilling

Folley Tn Mrs Dodd s eaperiments the goats were killed with a humane killer, taking
care to avoid damage to the prtwtary

Dale That docs not of course stop the supply of blood to the head immeduately

Folley My colleagues who killed the goats will be able to answer that

Futzpatnick In this connexion could we ask Professor van Dyhe how his camel was
latled Could the procedure have mnfluenced the results for the hypothalamus?®

van Dyke Possibly The ammal was illed by very rapid exsangumauion  the great
vesscls near the heart were quickly severed

Mrs Dodd 1 think 1t 1s smportant to consider the effect of the two forms of sumula
tion, namely demand suckling by the pups and milking on the vasopressin oxytocm
ratios We wanted to know the mfluence of milking on the amount of oxytocm stored
i the gland As far as the goats were concerned, as soon as a humane haller was
applied to the head the carotid artenes were severed The glands were dissected out
extremely rapidly and were 1 acetone 1n go sec to 4 min from death

tan Dyke Inthe dog we nsert 2 needle nto the heart connect an indifferent electrode
with the skin of the leg and hill by inducing ventncular fibnllation with electnical
stimuly
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instance 1t has been shown (Jones & Schlapp, 1936, Page, 1946, Croxatto ef ol , 1952)
thatlached blood corpuscles inactivate the posterior principles, haemolysis may there
fore mfluence the results So may dilution of the medium considening for example the
recent finding, of Miles & Wilhelm (1955) that simple dilution with isotonic sodm
chlorde solution causes the activation of a proteolytic system 1 guinea pig serum
Nevertheless one 1mportant fact seems to emerge from all these investigations In
nitre, both the pressor antdiuretic and the oxytocic activitics of posterior pitwitary
preparations disappear much more rapidly from serum (Heller & Urbam, 1935

Werle & Kalvelage, 1941, Birme Lyversole, Boss, Osborn & Gaunt 1g50 Dicher
& Ginsburg, 1950) than from plasma {Jones & Schlapp, 1936, Dicker & Ginsburg,

si2p-

Figure 1

Concentration of vasopressin wn artenal blood follo ying the

intavenous injection of 100 mU Pitressinf100 g mto anaes

thetized rats Ordinate concentration of Vasopres m on a

Toganithmic scale (mU fml) Abseissa ume after myection
minutes {Ginsburg & Heller 19535 )
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Gomori stunable carrier substance? Or are they hberated into the circulation as the
farge molecular compound which has been mnvestigated by van Dyke, Chow, Greep
& Rothen (1942) and Acher & Fromageot (1955)? Or 1s the imert protein to which
—1s Professor Fromageot told us this morning—the active peptides may be bound m
the gland part of the secretory matertni® There 15 the further possibility that the
peptides s such are relcased 1nto the pituitary venous outflow But the release of the
free polypeptides would not necessarily mean that they also circulate as small mole
cular compounds Arrnval in the blood may only imolve a change of carner—the
peptides attaching themselves to one or the other of the plasma protemns Thework
of Bennhiold, Ott & Wiech (1950), Jancso (1953), Goldstein (1949) and others has
by now familianized us with the carrier function of plasma protein and at least onc
other hormone, nimely thyrosine has recently been shown to circulate bound to
plisma globulin (Albnight, Larson & Dauss 1955)

Binding of vasopressin and oaytocin by plasma proten 1s suggested by the finding
(de Wessclow & Gnffith 1934 Broun & Schemner, 1935, Levtt, 1936, Heller, 1937,
Croxatto Andrade & Barnafi, 1952) that the ultrafiltrability of the neurohy pophysial
principles 1s decreased when posterior pituitary cxtracts are mined with blood It
would also appear (Ginsburg & Heller, 19534) that in the hving ammal the diffusion
of vasopressin 1nto the extravascular fluid phase (other than into that of the hidneys
or organs of the splanchnic vascular arca) 1s very slow Fhis would not be expected of
a compound of the molecular weight of about 1100 Moreover, Ames, Moore & van
Dyke (1950) have found that the antdiretic prinaiple in the urine of dogs whose
posterior pitwitary had been stimulated by dehydration or the intracarotid injection
of hypertonic sodium chloride solution undergoes sedimentation n the ultracentn
fuge and that 1t can only partially be removed by pressure dialysis Sumilar results
were obtained with urine of hangaroo rats (Ames & van Dyhe 1g50) Ham & Tandis
(1942) may have also been dealing with thus large molecular compound or aggregate
(see also Harris 1948) and Aujard Csany: & le Breton (1955) have recently re
ported on the presence of a non dialysable oxytocic substance in the urine of a vaniety
of mammalian species These findings suggest that some of the neurohypophysial
activity released may reach the unne 15 a large molecular compound This com
pound may be the same as that isolated by van Dyke and by Fromageot from the
posterior pituitary lobe but 1t has not been excluded that the small amounts of protemn
which normally escape into the urine (Rather, 1952) are sufficient to act as carmer
for the neurohypophystal peptides

Sufficient has been said to indicate that we are not certain whether injected vaso
pressin and oxytocin circulate in the same form or state as the endogenous hormones
And this 1n turn 1mphies that results obtained with punfied hormone preparations are
not necessanily of physiological sigmficance

THE INACTIVATION OF THE POSTERIOR PITUITARY
PRINGIPLES BY BLOOD
The mnactivation of neurohypophysial extracts by blood ez zitro has been investigated
by numerous mvestigators The results are divergent and even contradictory, mamly
perhaps because the difference between using whole blood or serum or plasma has
not been reahized There are other factors which may have to be watched for
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Fiue 2
Tncubation of rat blood (arterial) contaiming 1o un ta heparin and t mU Putressin per
ml for 30 min at 38 C Four point anndiuret ¢ assay of muxture by the method of
Gunsburg & Heller {1933¢) Unanacsthcuzed rat wath jugular and bladder cannulac
& =5V injection of non incubated ixture containung (004U P tresin a = samevolume
of incubated Txture b =14 imyection of non mcubated muxture contamng 300 pll
b = same volume of meubated mixture The figu es above the abscissa indicate percentage
ant dresis About 100 per cent  of the 1n nal antidiuret ¢ activity were recovered
(Heller & Zad unpubl )

It may be worth stressing that results obtamned with ussues i 2itro may only have
a very limited application to the fate of a substance 1n the intact animal The reasons
for this are not always sufficiently realized Firstly mechanical mjury to cells by
cutting uncing or grmdmg 15 likely to release or acuvate enzymes The rapid m
crease of ammo acid and pepude nitrogen recently demonstrated by Conway
Geoghegan & McCormach (1955) 1n ground rat kidney tissue may be mentioned as

81



I HMELLER

1950, Sawyer 1954) The endogenous activitics behave similarly, 1 ¢ they also are
more stable w plasma than in serum (Birme ef of , 1950, Ginsburg & Heller, 1953a}
It may be doubted whether these 1 witro experiments with blood and 1ts dernva
twves are of much physiological significance Even 1f one disregards the fact that m
many of them enzyme systems may have been at work which are not active m ar
culating blood, in1ctivation i witro 15 too slow to account for the disappearance of a
substantial fraction of neurohypophysial activitics from the circulation Figure 1
shows the rate of loss of injected antidiretic acuvity from the airculation 1 the rat
and Fig 2 shows the results of incubating rat blood (contaming 10 umts of hepann
per ml ) with vasopressin (Pitressin) Similar results had been obtained by Heller &
Urban (1935) 1n rabbuts and 1n cats by Jones & Schlapp (1936) who measured both
pressor and oxytocic activity  All these results were obtamned 1 normal ammals It
cannot be excluded that there are conditions m which the rate of mactnvation m
arculating blood 15 so high that a sigmficant portion of injected or released postenior
piwtary hormones 1s mactivated Page (1946) has reported that an oxytoon
mactivating enzyme occurs m the plasma of women near term m such high
concentration that half of any quantity of posterior pitwitary hormone mjected
wntravenously would be mactivated 1n 45 sec His findings require confirmation

INACTIVATION BY TISSUES AND TISSUE EXTRACTS IN VITRO

Since even the earliest mvestigators could show that the posterior pituitary activities
were not or only very slowly nactivated by blood 1t was reasonable to suspect that
the hormones could be destroyed i the tissues Experiments with suspensions and
homogenates of organs of vanious laboratory species showed some loss of antidiuretic
pressor or oxytocic activity 1n all instances (Heller & Urban, 1935 Larson, 1938
Christheb, 1940, Burmie, 1953, Sawyer 1954) but homogenates of small ntestine,
fiver and kidney seem to be more potent than those of sheletal muscle brain and
non pregnant uterus Cell free extracts of liver, hdney and spleen have also been
shown to be effective (Heller & Urban 1935, Jones & Schlapp 1936 Enersole,
Birnie & Gaunt 1949 Mller & Townsend, 1954) Heating or boiling the tissue or
extract decreased or stopped mactivation Birmie (1g53) has charactenized the vaso
pressin inactnvating system n hiver homogenates to some extent, he found that ats
optunum actvity was between pH 6 2 and 7 5 that the rate of nactivation ncreased
appreciably with a rise i temperature from 0 to 37° C but that 1t sharply declined
when the temperature was raised further The vasopressin mactivating principle was
almost completely removed by adjustment to pH 5 2 or by half saturation with
ammonium sulphate at pH 6 5 Addition of copper or zine sulphate nhibited n
activation Birnie made no claims as to the speafiaity of us mactivating prninciple and
further work would be needed to establish 1t The use of such terms as vasopressinase
or pitocinase scems therefore premature All the more so since wn viro the posterior
pituttary principles can apparently be 1nactivated by several mammalian enzymes
Thus Croxatto and his co workers {Croxatto Croxatto Illanes & Salvestrini,1942-
43) have shown that both vasopressin and oxytocin are mactivated by chymotrypsin
and 1 the presence of cysteme by spleen amnopeptidase and hidney hypertensinase
Oxytocin 1s also destroyed by tyrosinase (de la Maza & Croxatto 1944) and vaso
pressm by trypsin (Croxatto ¢ al , 194243 Lawler & du Vigneaud, 1953)
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Figure 3
Compansun between the pressor cffect of P tressin injected 1nto 2 femoral and 1nto the portal vein Rat 250
urethane dibenyline Injection needle mserted (not tied) 1nto the portal yein. For further details, see text p 82
(Ginsburg unpubl )

accounted for at least 40 per cent of the vasopressin cleared These experiments did
not mahe 1t clear which of the organ or organs of the splanchmic bed remove the
hormone But 1t would appear (Table 1} that the mtestine removes none or very
hitle of the endogenous anudwretc pnnciple and similar results (Ginsburg  1956)

Tasee 1

Antrdurettc activaty of blood from the gastro intestinal outflow
{Ginsburg unpublished)

! Antdwrenc actnaty (mU /m} ) n blood from
Expenment

no { Abdomunal aorta | Portal vein
T 030 ’ 032
2 019 oy
3 ©37 s 052
4 | < ooy i < 0oy
'
\Hanumal 1 tone Rat 4 was neurchypophy

scctomized. V naca 2t ed below renal vems Blood pressure mam
tamed by compensation at 100 mm Hg

have been obtamned with 1mjected vasopressin These results suggest strongly that in
the rat the liner parucipates n the removal of vasopressin However 1t 15 not the only
or perhaps not the main organ which clears the neurohy pophysial pnnciples from
the arculation  Expeniments on nephrectormzed rats (Ginsburg & Heller 19535)
showed that the hidneys eatracted about 50 per cent of the injected antidiuretic

activity Crawford & Pinkham (1954) using a wide range of dases and Dicher (1954)
confirmed these results
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an example Secondly, access and therefore perhaps +clocity and/or completeness of
mactiation of n added substance will, in the absence of transport by circulating
blood or lymph, to some extent be dependent on the degrec of dispersion of the 1s0-
lated tissue, 1 ¢ permeation of a test substance will differ i homogenates and in shees
of the same tissuc Reaction velocity s probably also mfluenced by the release of
permeability increasing polypeptides hiberated from tissues by short term action of
proteolytic enzymes (see Spector, 1951) Lastly the demonstration that an organ or
tissue inctivates 1substance m utro can hardly be applied to the intact ammal unless
it has been shown that the substance whose fate one studies has access to that organ
or tissuc 1 zze That 15 to say, the organ or tissue “clearance’ for the substance has
to be determined for example there scems Little sense 1n incubating a test substance
with bramn homogenates unless 1t can be shown that 1t penctrates the bram blood
barner

FATE OF THE NEUROHYPOPHYSIAL PRINCIPLES IN ORGANS
IN SITU AND IN THE INTACT ANIMAL

Only one group of worhers (Eser & Tuzunkam, 1950) scem to have esimated neuro
hypophysial acuvity after perfusion through an solated organ They reported that
the antidiuretic actvity of postertor pituitary extract m tyrode was reduced by 70
per cent when airculated through guinea pig liver for 3 hr , less clear cut results
were obtamned with hidneys However most worhers mterested 1n the fate of the
postenior pitwitary principles w p1o choose other techniques Eversole, Birnie &
Gaunt (1949) found that 40 mU Pitressin mjected nto the spleen of hydrated rats
mhibited water diuresis to a lesser degree than the same dose injected subcutane
ously or intramuscularly smaller doses failed to give clear results Sinularly,
Moller Christensen (1951) comparing the effects of mtrajugular and ntrasplenic
njections of postertor pituntary extracts on the blood pressure of anaesthetized rabbits
and cats found that the latter were much less eflective These experiments are open to
the objection that an njection mnto a tissue (even a parenchymatous one lihe the
spleen) may not be comparable to an mjection 1nto the blood It 1s therefore mnterest
g that Mathe & Altman reported recently (1954) that small doses of vasopressint
mjected into the splenic vem of unanaesthetized dogs 1 water diuress had the same
effect on the urine volume and urine concentration as an mjection mto the saphenous
vemn Figure 3 on the other hand shows an experiment of my colleague Dr Ginsburg
m which Pitressin had been mjected directly imnto the portal vein The doses used,
although not mfluencing portal pressure significantly rased the artersal pressure
much less than the same doses ijected mto the femoral vein It 1s difficult to beleve
that the dog and the rat handle vasopressin in so different a manner More worh 15
needed 1n both species

In the rat evidence on the fate of and endog vasopressin obtamed
by a different approach 1s already available Measuning vasopressin concentration
1n the blood by assays for antidiretic activity, Ginsburg & Heller (19536) could
show 1n anacsthetized rats that tymg of the coeliac and mesenteric arteries (which
was demonstrated to cut the blood flow through the liver by about 70 per ccntlz
retarded the removal of injected vasopressin from the circulation significantly Wit
the doses and under the experimental conditions used the splanchnic vascular area
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irrey erstbly mactnated or a combination of these processes may apply It has been
mentioned that the injection of vasopressin results m the excretion of an antidiuretic
(and pressor) substance in the urine but experiments in rats (Gimnsburg & Heller,
19536) indicate that only a fraction of the activity cleared by the hdneys appears in
theurne Dr S M A Zaidiand I 1n some recent expeniments have attempted to
find an explanation for this descrepancy We first extracted the hidneys of normal

rats 1¢ adult male animals which were not 1n water dwrests and which had been
fulled by decapitation esther with aaid saline or by a method employing acid ethanol
simular to that used by Vogt (1953) for the hypothalamus and Bisset & Walker (1954)
for blood It has the advantage that—when tested in rats-—the depressor effect com

monly obtained with aqueous extracts 15 no longer seen The antidiretic effect of
a gien dose of vasopressin remains unchanged when added to such hidney extracts
(Fig 4) thus excluding the presence of antagonistic or potentiating substances The
mean recovery of vasopressin added to rat kidney homogenate (as esumated by 4 pont
assays for antiduretic activity using a modification of the method of Gnsburg &
Heller (1953¢) was 79 7+3 49 per cent with aqueous extracts and 73 943 40 per
cent with alcoholic eatracts The mean recovery of small amounts (5 mU/hidney) of
vasopressin mjected 1nto a hidney immediately after death was go g 4+8 23 per cent

However as shown in Table 1 no anudiuretic effect could be obtained with the

Tasre 11
Antidwuretic assays of acrd ethanol extracts of kidneys of normal rats
No of | Sensiivaty of assay | Volume injected* without Maximum antidiuretic
extract | rat to Pitressin i antidwrenic effect actity in both kidneys
p#U jammal (in ml } (in terms of mU  Patressin)
1 6 25 o8 <oa23
2 6 25 08 <023
3 625 04 < 046
4 6 25 03 < 062
5 6 25 03 < o062
6 625 03 < 062
7 625 04 < 046
8 6 25 o4 <046
] 313 04 < 023

Total olume of each extract = 30 ml

extracts of normal rat kidney That 1s to say when expressed in terms of the limts of
sensitivaty of the assay the kidneys contaned much less than the equivalent of 220U
(corrected for incomplete recovery) vasopressin per gramme kidney tissue This does
not suggest that the antdiuretic hormone 15 stored for long after 1t has been cleared
by the lidney Nor could any accumulation of actisity be demonstrated 1n the Lidneys
of rats whose blood concentration of endogenous vasopressin had been artifically
raised by ether anaesthesia (Fig 5)
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When both kidneys had been removed and the coehac and mesenteric artertes
had been tied, the clearance of mnjected vasopressin was only about 10 per cent of
that of intact rats (Ginsburg & Heller, 19535) suggesting that organs other than the
kidneys and those i the splanchnc circulation did not participate to any great extent
m the removal of vasopressin This agrees with results in ammals whose blood level
of cndogenous vasopressin had been raised by ether antesthesia the antidiretc
potency of plasma obtained from the mnfenior vena cava below the renal and hepatc
venous mnflow was less than one third of that of arterial plasma (Ginsburg & Heller,
19534) which indicates that for the endogenous hormones also the hidneys and organs
of the splanchnic vascular bed are major sites of clearance from the blood

Assuming then that in the rat the hidneys and the liver remove the bulk of cir-
culating vasopressin, how do these organs handle the hormones which they have
cleared? There are obviously several possibilities The hormone (either the polypep
tide as such or a polypeptide carrier complex) could be temporanly stored or
reversibly bound 1t could be excreted {into the urnine or the bile), 1t could be

Rat A Rat 8
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Time (5 min intervals)

Fiure 4

1 of extract was equis alent

flect of Pitcessin added to acid ethanol ratkidney extract Oneml

e anudl:’::lf:dnc:y DRA‘! A a=1v mjection of 0 gm! kidney extract & =04 ml extract co;um ng

?h?ssx?}ghumm ¢ = 6 25 pU) Prressinino g4 ml 0 gper cent NaClsolution RatB :17 100 ;l‘i‘[ xhlrs;s::
1solut on ¢ = 100 U Puressin i 0 3ml hadney extract f'= o

RN x:) gﬁpﬂl-'::e:;o\l:lcaﬁ\::l:.scma indicate percentage antidiuresis It will be scen that adding kudacy

exract X ecxfxuau i mot alicr the antidiuretic potency of P tressn (Heller & Zad - unpubl )
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To study the fate of vasopressin in the kidney further, 100 mU Pitressin per 100 g
rat—the same dose as that used by Ginsburg & Heller (19535} m their clearance ex
peniments—was mntravenously injected mto hetized rats, the Is halled
at given times after the mjection and the antidwretic activity in their kidneys esim
ated Table 1 shows the recoveries expressed as percentage actvity of the dose i
jected some small amounts of an antidretic principle could sometimes be re
covered from the hidneys of animals hilled 1 to 3 min after they had been mjected,
but only traces from those hilled after a longer interval It appears then that the
bulk of the 100 mU or so which the kidneys of our 200 g rats are likely to have
removed from the blood was either excreted or inactivated or both within the first few
minutes after injection It would seem that both mechanisms are 1nvolved and that
both operate with great rapidity The results shown on Table 1 referred to extracts
of hidneys from which pelvic tissue and ureters had been carefully removed But
when, post mortem, the ureters were tied at their junction with the bladder and
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Fiure 6
Antiduwuretic assay of extract of kudneys ( nclud ng pel
pelves and ureters) of an unanac thet zed rat kill
3mn alter the nyection of 100U P resn/ 1008 6 = Lo 4U Pitressn 10 b s 0 m;mxlf.;n:c;
cxractiy ¢ = 1004U Puresin =0 4ml hidney extract 1 v All nyections made up to same
volume The kidney entract contained ant diuret c act ty equ valent o 4 I per cent of tl ¢ dose of
Pit essin 1njected into the donor rat (Heller & Za du unrpubl

u 87



H HELLER

08—

07
3

05—

ml urinefS min

02~

[N

LLLL LV Pty antipongl

Time (S min tntervals)

Figure 5
Abscnce of demonstrable antidiuretic activaty i the extract of the kidneys of a rat anacsthetized with ether
for 10 min and injected wath Pitressin {100 mU Jioo g body weight) during the 7th min of anacsthesia
Recipient rat unanaesthetized jugular and bladder cannulac a = 504U Pitressin 1n 1 oml 0 g per cent
NaCl solution 1 v 5 = 1 oml kidney extract ¢ — 25U Ptressnin 1 0 ml o 9 per cent NaCl solution
Total volume of kidney extract = 20ml Hence lidneys contamned the equnalent of less than 0 5 mU
Pitresin (Heller & Zaidi unpubl )

TasLe 111

Unanaesthelized rats inyected with 100 mU Pressinftoo g
Antidwretsc actinly of acid ethanol extracts of kidngys

Min killed
after Percentage recovery of injected dose
mjection
T <orz <orz <024 <024
3 020 026 <o1z <o1I2
6 <045 <020 <045
I2 <oj50 <025 <025
15 <050 009
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differential centrsfugation of hidney suspensions according to Lowell, Greenspon,
hrakower & Bamn 1953) suggest that the glomeruli are not imphcated (Fig 7)
Swmular experiments as with idney extracts were also done with extracts of rat
hver 'The mean recovery of vasopressin added to Liver suspension was 88 244 46
per cent Figure 8 shows that endogenous actvaty was also recoverable However
no antidwuretic effects were obtamed with extracts of the liver of normal ammals indic
ating that the storage of antidiuretic hormone (if any) was less than about 70 pU /g
liver Table 1v shows the results of antidruretic assays of liver extracts of uninaesthet
1zed rats injected with 100 mU /Pitressin/100 g The animals were killed at mtervals
varymg from 1 to 15 min after the mtravenous injection Some small amounts of
antidiuretic 1ctivity {equivalent to less than I per cent of the dose given) were found
1 the Iivers of rats hilled up to 3 min after the ijection but extracts of livers of
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Recovery of endogenous antidiuret ¢ ho mone in at plasma when added to rat 1

extracted by the acid ethanol method The plasma concentsation of antidiuretic h::cr:ns(:‘:g:vvnilso:a:clg

by anae theuz ng the donor rat with cther Antidur tc assay a =0 ml jugular plasma of rat

ana sthets edwith ether1v 6 = 0 2 ml of ext act of I er homogenate muxed wath the jugular plasna

(1ml xtract was equyalent to 0omg 1 er plus 1 ml plasma) ¢ = 04 m) plasms o = 0 4]
ext act Pe centage reco ery of anudiret c actvity ~ 884 (Heller & Zadi unpubl)
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extracts were made of hidneys including ‘pelvis and ureter (1¢ when the dead
space of the lidney was considered), quite substantial amounts of antidretic
actraty could be recovered Figure 6 shows the results of such an expermment
n which the rat was hlled 3 min after the myection of vasopressn Fusther
espertments showed that i that time small 1mounts of antidiuretic activity (0 39
© 64 and 0 53 per cent of the 1njected dose n 3 experiments) had also reached the
bladder The total recovery from renal ussuc, ureters and bladder was equnalent
to about 5 per cent of the injected dose 1t @ time when 25 per cent or more of the
wnjecied dose had been removed by the hidneys The very great rapidity of nactva
tion of vasopressin i the rat ldney thus indicated (which would be faster
than the rate of nactivation observed in uitro, Dicker & Greenbaum, 1954, Zaidy,
1955 Heller & Zasdy, 1956) s perhaps less starthing if one considers that 200 mU of
vasopressin {the order of total dose injected into our rats) represent only about o 4 pg
n terms of the pure octapepude We cannot say 1 which tissue element the imactivat
ng process occurs but experiments 1n wlich vasopressin was mcubated with homo
genates of the ‘glomerular and the “tubular’ fraction of rat hidney (prepared by
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Figure 7
1ng Pytressin + 1th the glomerular and the tubular fractions of rat hedney {sec 1ext
}1)2 ﬂ'g;; (gg:ng‘vlh:x: ga\’:r,& Q Aat dluregc assay @ = iv ojection of 200 uU Putressin 1 g)m;crulér
fraction fter sncubation & = 200 #U  Putressin in glomerular fraction before lncubauo? ¢ = nb:lpon
Prressin n tubular fractior affersnewbat on d =220 4U Putress p_n tubular fraction before lxinc:\1 . lthe
The figuses above the absc ssa 1ndicate percentage antidiuresis The amount of P tressin ad e ub?j
fractions was proportional to the weight «f suspended renal tissue (Heller & Zaidt unp
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TasLe V

Amount of antidiuretsc actiusty ecreted by a rat wnfused unth
wnne collected from another ral wnjecled itk :aspressn

Rat 4
500 mU Putressin 1v o1 m! unne 1* 0 544 mU
Thus 3 3 ml unincnfused 1nto rat Bhad a
total antidiuretic activity equivalent to 17 g52 mU
Rat B
33 ml unne of Rat 4 1+ o1 ml unne B 0 056 mU
Thus 3 55 ml unine excreted by rat B had
an anuidiuretic activity equivalent to 1 992 mU

Result Rat B excreted 11 per cent of the infused actvity

The volume of urme collected from rat 4 du 1ng and for one hour after the infusion was 4 0 m! The urine
was then made 1sotonic with a 0 g per cent NaCl solut on which n olved dilution to 5 0 m! One port on
(te 13ml) of the d luted unne was used to estimate anudiretic acti ty by the method of Ginsburg &
Heller (19,3¢) It was found that rat A had excreted the cqusvalent of 27 2 mU  vasop essin o 5 44 per cent
of the nfused act vty The rema n ng portion { = 3 3 ml ) was infused mto rat B

In view of our findings 1t scems preferable for the present to assume that the in
jection or the release of vasopressin results m the rapid excretion of small amounts
of the unchanged hormone But be this as 1t may the problem of the intermediary
metabolism of the posterior prtuitary principles remamms and 1s a challenge for future
work Such work 15—in our opinion—desirable not only because of 1ts mtrnsic
mterest but also because the increasing number and importance of biologically active
polypeptides raises the question of a common metabolic path of these compounds
Only one cf them namely msulin has been mnyestigated to a sumlar extent as vaso
pressin The results indicate that as in the case of vasopressin the hidneys and the
liver are major sites of clear nce «nd mactivation for mntravenously myected insulin
(Haugaard Vaughan, Haugaard & Stadie 1954 Elgee & Wilhams 1954) The
renal excretion of msulin on the other hand seems to be of much less smportance
than that of the postertor piuwtary hormones

There 15 a further reason for work on the metabolism and fate of the neuro
hypophysial hormones some years ago several groups of workers suggested that the
impaired water dwresis the oedema and the ascites i patients with Liver arrhosis
were due or partly due to decreased mactivation of the anuduretic hormone by the
diseased Iiver They based their hypothesis on the demonstration that hver homo
genates or eatracts inactnate vasopressin They did not consider that 1t had also been
shown (Jones & Schlapp 1936 Larson, 1938 Christheb 1940) that homogenates of
other tissues do this as well Moreover there seems to have been no hesitation to
apply 1 zifro results with anmmal tissues to intact human beings It seems to us that if
an inerease 1 the blood level of a posterior pitwitary principle (or perhaps of any
hormone) 1s to be ascribed to decreased inactrvation the organs or ussues which
remove and metabolize the endogenous active pranciple should be known and that
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TapLe IV

Unanaesthetsed rats ingected with 100 mU Puressinf100 g
Intsdwretic actuily of aad ethanol extracts of luer

Min klled
after Percentage recovery of injected dose
mjection
1 <047 <046
3 o 6t 046 <o043 <012
6 <10 <043 <o48
g <048 <o4d
12 <05 <050
15 <052

ammals killed after 6 nun and later had no antidwretic effect If therefore—as
indicated by the expeniments of Eversole, Birmie & Gaunt (1949), Ginsburg &
Heller (19535) and the recent work of Ginsburg (Fig 3)—the liver of our rats had
cleared a substantial fraction of the mnjected hormone within that period 1t must
be mferred that the retained vasopressin was rapidly mactivated

It would thus appear from these mvestigations that m the rat, the ldneys and
perhaps the lver are not only the mam organs of vasopressin clearance but alse
major sites of the metabolic degradation of the hormone Whether the hidney 10
addition to clearing and mactivating vasopressin also excretes the unchanged
polypeptide cannct be answered as long as we do not know whether mactivation 11
the tissue does give nse to breahdown products of the hormone with lower biologrcal
actvity The renal excretion of such a dervative has been postulated by Dicher &
Greenbaum (1954)

The mamn basts of therr claim is as follows they nfused vasopressin into yats
anaesthetized with ethanol and found that the antidretic activity of unne collected
from such amimals remamed unchanged after incubation with rat kidney shices but
that 3t was almost entirely destroyed when ncubated with liver shices When the
urine of a rat ijected with vasopressin was mfused into a second rat the antidiuretic
acuvity of the urme of the recipient was only about half that present m the mfused
unne They suggest that the hidneys and the liver 1n the intact rat behave Iike shices
of these organs 1z nitro, n other words that half of the antidireuc activity m the
urine was destroyed by the liver and that the other half passed unchanged through the
kidneys Smce rats infused with Pitressin excrete, according to Dicher (1954) Oﬂ})
3~28 per cent of the mnjected dose the results of these expertments would be sm}ng y
1n support of their thesis They were therefore repeated Table v shows one o ou;
experiments 1t will be seen that the recipient excreted 11 per cent of the activity 1
donor s urine, 1 ¢ the animal excreted much the same amount as 1f 1t 31ad bCl;n n
fused with Patressin These results do not support Dicker s & Greenbaum’s hypothesis
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the quanutative aspect of the problem should not be neglected Our results suggest
that organs Iike hidney and liver 2 sutu inactivate large doses of mjected vasopressin
with great rapidity Pathological changes in these organs would presumably have to
be very pronounced before their capacity to deal with relauvely small quantities of
the endogenous principle 15 critically lowered It will also have to be seen to what
degree a gradual decrease i the cleanng and wactivating capacity of a diseased
organ can be compensated i another site 1 submut that only 1f approached m this
comprehensive manner, can studies 1 the fite and metabolism of the neurohypo
physial hormones be expected to be a valhid aid to cluical research
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1 thought that the reason maght be that a significant part of the vasopressor effect
of the Pitressin was due to vasoconstriction 1n the kidneys, and although I had
eliminated one of the organs by which the Pitressin 1s cleared, I had also removed
one through which 1ts pressor effect 15 exerted

Gross How long was this after you had taken out the kidneys?
Ginsburg Less than 30 min

Gross We did 1t the day before

Ginsburg 1t does not make 1t any clearer

Grose Which dose did you use?

Gunsburg About 10 or 15 mU

Fromageot There are several reactions by which the antidwretic hormone may be
mactivated It may be subject to proteolysts or deamination or to mactivation by the
oxidation of SH groups or the tyrosine residues I would Like to ask Professor Heller
about the conditions of his mactivation expertments Were they carned out 1n the
presence or absence of air? If air was present, was the supply of it adequate to permt
oxidation?

Heller We have not mvestigated the chemstry of the mactivation process but we
have dered some of the possibilities you have mentioned With regard to your
second question, most of the i tifro expertments were done at 37 to 38 G under
aerobic conditions but the tubes were neither shaken nor were their contents stirred
with oxygen

Croxatto 1 would hhe to put 2 question regarding the vasopressinase and oxytocinase
When you are referring to extracts of tissues I agree that you are not dealing with
specific enzymes but 1t 15 a different thing when we are dealing with the blood of
pregnant women In this case the nactvating potency may be due to a speafic
enzyme We have scen only small change mn the hyper activity although the
vasopressinase and oxytocinase activities increase very much n the last month of
pregnancy

Heller T think perhaps that Professor Croxatto has misunderstood me There can be
no doubt about the physiological sigmificance of the enzymes or enzyme systems
mentioned and 1t may be convenient to talk of vasopressinase but I would rather
reserve this name for an enzyme whose specificity has been clearly demonstrated As
to calling an enzyme Pitocinase 1 don t believe that Nature has gone to the trouble
to produce an enzyme with inactivates solely a preparation of Parke Davis and Co

Wirz 1 have a question which I might as well ask here as 1t doesn t fit 1n with any
other topic to be discussed I have been asked for advice 1n Basle about a case of
drabetes msipidus which does not respond to Pitressin One muight think of an increased
rate of destruction of the Parke Davis preparation but does Professor Heller or
anyone else know what to do about such a patient> What 1s the explanation for this
condition and what are the therapeutic possibilities® It 1s an nfant of five months

95



H HELLER

Pace L W (1946) The value of plasma d 1n ok Amer 7 Obstet
Gynee 52, 1014-21

Ratuer L J (1952) Piltration reabsorption and excretion of protem by the kidney Medune (Balt
more) 31, 357-8o

Rorusatter A B (1953) Changes in the rat ncurohypophysis induced by pamful stimuli with
particular reference to neurosecretory material fnat Rec 115, 21-41

Sawxzr W H (1954) Inactnation of oxytacin by homogenates of utert and other tissucs from
normal and pregnant rats Proc Soc exp Buol (N 1) 87, 463-65

S E &S r B (1954) H produced by neurosecretory cells Recent Progr
Hormone Res 10 183-240

Sonensere M & Money W L (tg55) The fate and metabolism of anterior pitwitary hormenes
Recent Prog Iormone Res 9, 43-82

Seector W G (1951) The role of some higher peptides in inflammation 7 Path Bact 63 93-110

Voer M (1953) Vasopressor antidwretic and oxytccic activities of extracts of the dog s hypo
thalamus Bnt J Pharmacol 8, 193-6

Werte E & hawverace A (1941) Uber dic Vasopressin inaktnierende kraft des Blutes von
Schwangeren und dic Natur des inakuvierenden Prinzips Biockem & 308 g05-12

pe Wessetow O L V' S & Grirnrt W J (1934) On the question of pressor bodses in the bloed
of hypertensne subjects Brit J exp Path 185, 45-52

Zamt 8 M A (1955) Inacuvauon of vasopressin by the hidney F Lndocr 12, 1P

Duscussion
Chairman  J M Yoffey

de Wardener 1 am 1 httle puzzled by the rapid disappearance of antiduretic rctivity
from the blood and the kidney parenchyma The antiduretic actinaty on the
functioning hadney goes on 20-30 min and even longer, yet the substance which 1
producing this change has disappeared from the blood and hidney 1n from six to
seven minutes

Dale That apphes to the pressor effect which also lasts for much longer than sis or
seven minutes

Heller 1 think there may be two explanations We have been investigating the fate
of relatively large doses of vasopressin but the amount needed to produce a biological
effect—as has already been said this morning—s very likely to be measured m
micro units Such small amounts of the hormone may still have been present in the
tissues but we would not have been able to demonstrate them Another explanation,
of course for which however I have no evidence would be that the biological effect
persists after the agent which elicated 1t has disappeared

Gross In connexion with other work on nephrectomized rats, we imjected Pitressin
and found an increase and prolongation of the pressor effect Another polypepuide—
angiotonin—did not give this reaction We regard this as evidence i support of the
view that Pitressin 15 inactivated by the kidneys

remely interesting and odd because I have observed pressor

b This 15 exti
Gunsburg hrectomized rats and did not get a prolongation of the

responses to Pitressin 1n nep!

effect
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neurchypophysis m physiological processes has been the study of the excrenon of
anudiuretic substance (ADS) in the unne From a consideration of the numerous
conflicting reports i the hiterature of the multipheity of chnical conditions which
reputedly are associated with large amounts of antidwretic hormone 1n the urine one
forms the impression that either the posterior pituitary 1s associated with mnnumerable
metabolic processes 1n the body or more reasonably that the methods used for ex
traction of the unne have been highly inadequate and non specific Some years ago
various extraction methods were attempted 1n the laboratory i London of Sir
Charles Dodds At this ime 1t was found that such procedures as dialy sis or precipita
tion yielded extracts which gave highly erratic and poor recoveries (Noble Rinder
knecht & Williams 1938) These inconsistencies are now reahzed to be related to
whether or not the active molecule will dialyse at a uniform rate through vartous
membranes and 1f it can be quantitatively extracted off the membrane when 1t does
not dialyse (Walker, 1939 Schaffer, Cadden & Stander 1941 Ames Moore & van
Dyke 1950) As a result however of such unsatisfactory studies a new method of
extraction of urine was explored and published 1n 1939 (Noble Runderknecht &
Wilhams)

This method employmng the principle of adsorption of the active principle on zinc
ferrocyanmide was found to yteld a good recovery of antidiuretic hormone after 1t was
added to unne but the method was not used 1n serious attempts to study posterior
lobe funcuon

More recently a continuation of the study of extraction methods has been made by
Dr Taylor and Dr Jessup and these have been applied 1n the study of neurohypo
physial function Imtially I would like to discuss the 2inc ferrocyamide method of
extraction and later mnclude some prelminary observations on what we believe 1s a
new improved method During the years which we have been using ths first method
of extraction we have realized that we were stumbling over obstacles of an 1ll
definable nature hidden 1n a morass of impurities which could not be clanfied untit
an appreciation of the properties of the 1solated and rdennfied active principles was
accomplished These more primitive observations therefore left us exposed to the
criticism of non specificity of the extraction method These shortcommings have been
appreciated to the extent that these experiments have had to be stnpped down and
the results eapressed m the barest and most conservative form They are familiarly

One of the less direct approaches for ob d of the participation of the
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which has to be maintained on a fi If the mnfi stops for some
reason the cluld 15 quite fevensh the next morning

Heller These cases are rare but a number of them have been described and they
seem to be genctically determined Wilhams & Henry (dnn ant Med 27, 84, 1947)
have investigated the possibility of increased nactivation of vasopressin, but I dont
think that their expeniments were quite decisive Judging from the amount of hor
mone which can be 1nacuvated m normat rats in a very short time, it seems unlihely
that increased mnactivation 1s the trouble It scems much more likely that the defect
15 10 the hidney which cannot respond to vasopressin m the normal manner

Gaunt Has the steroid production been determined 1n this infant? One can get high
Putressin resistance from chronic administration of steroids

Lloyd Wehavestudieda child ike this T thank first one must establish that a Prtressin
fast individual does not respond to a large dose given intravenously We have seen
a number of cases of diabetes insiprdus 1 which the patient hecame refractory to
intramuscular or ntranasal ad ation but responded when 1t was gnen m
travenously As Dr Gaunt says, we have studied one patient in particular who had
a corticosterond excretion which was three times higher than normal when he was
requinng very large amounts of Pitressin A year later, for some reason he was requir
g much less and corticosteroid secretion was then within the normal limits The
major problem 1 the child with nephrogenmic diabetes insiprdus 15 that posterior
pituitary substance 15 ineffective A decrease in solute intake will produce a modest
decrease 1n unne volume Apart from this all you can do 15 to keep them on water
day and might

Gunsburg T have often wondered whether the uptake of Pitressin by the kidney 1
related to 1ts antidiuretic acion It mght be a good 1dea to test this in a case such as
we are now discussing by finding out whether a higher proportion of the mjected
dose 1s excreted 1n the urine

Heller Dr Darmady tells me that he has dissected the tubules in a case of vaso
pressin resistant diabetes msipidus and that, at least, microscopically he could find
no difference between the tubules of such a child and those of a normal child That
of course does not necessarily mean that they were functionally normal

de Wardener One thing about these children 15 that 1f they do get very dehydrated they
can apparently concentrate the urine to a specific gravity of 1,023

Wirz No, 1n our case 1t was not as high as that, about 1 016 but I don t know how
far they went with the dehydration

Yoffey I wonder if anyone has ever tried couphing the polypeptides with a fluorescent
molecule?

Heller No this has not been done with posterior pituitary hormones but 1t seems a
very useful suggestion
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antidiretic hormone) In addition, intraperitoneal or subcutaneous mjecuons ofa
concentrated extract devord of antidiuretic hormone may be followed by an ant1
druresis due to toxic substinces, or a high salt content Because of such factors van
Dyke (van Dyhe Adamsons & Engel, 1955) has stressed that all assays of extracts or
body flurds not nich 1n antidwretic hormone should be assayed by an mtravenous
techmque One property of urine extracts however, has suggested that they may not
be sustable for mtr assay of the dJwreuc hormone When such extracts
of urine from any source are given intravenously they show a marked and sustained
pressor action similar to that shown by vasopressin The degree of pressor activity
when compared with antidiuretic activity, precludes the possibility that the action
15 due to the antidiuretic hormone and 1n addition the pressor substance 1s resistant
to heat at pH = 10 (Noble Plunkett & Taylor, 1950) It 1s possible that this pressor
contammnant may be pipenidine (von Euler, 1945) or more Lkely the substance
studied by Dekanski (1951) Since extracts of urmne therefore exert a pressor effect
when given intravenously 1t was feared that this would result in an antidwresis from
a non specific effect on renal circulation It 1s possible that this behef 15 11l founded
and Dr Taylor and his collaborators are presently engaged mn testing unne extracts
by a modified Dicker (1953) technique
Assays to be reported in this paper therefore, have all been performed on the basis
of the method of Burn (1937) and the rats mjected by the subcutaneous or intra
perttoneal route An adapted modification mn the use of the fed rather than the
starved rat 15 however of some interest (Jessup & Taylor 1954) Apparently the
starved animal, even though having access to water becomes partially dehydrated
and has endogenous liberation of antidiurettic hormone As a result the induced water
diuresis starts more slowly and 1s more variable than that obtained by using fed
ammals and n addition the preparation 1s less sensiuve to antidiuretic hormone
An added feature of using fed animals 15 that they may be used every second or third
day for assay purposes
Using the described eatraction method and means of assay, what 1s the evidence
which led us to believe that 1t would be possible to use the results of unine assays in
an nterpretation of posterior lobe function even though the active substance could
not be positively 1dentified as the active factor of the extracts® Agamn one may
question whether because antidiretic hormone added to urine may be recovered by
a certawn extraction method there 1s any assurance that the hormone excreted under
physiological conditions 1s 1 the same form so that 1t also would be extracted?
Certamnly Heller (1937) has demonstrated that posterior lobe hormone may be
bound or adsorbed in some fashion by body flmds, and something of a ssmular nature
mught occur in urime Information on these problems may be derved from two differ
ent types of experiments The first concerns the appearance of extractable ADS 1n the
unne of humans immediately after the mtravenous mjection of the hormone and
the second the gradual increase of antidiuretic activity 1n the urine of rats and
human subjects with mcreasing dehydration The study of such conditions associated
with an excretion of ADS 1n the urine 1s of course 1 no way an origmal contribution
but 15 now an accepted conclusion drawn from published expeniments i which
many of you here today have collaborated
In the first expersments Dr Taylor was fortunate m bemng able to collaborate with
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referred to i the laboratory as the BVD’ or ‘BDV type of experiment—implying of
course therr crudity and non speaficity, since they were ‘Before van Dyhe’ and
Before du Vigneaud

The zmc ferrocyanide method, which can only be profitably applied to unne,
consists of the formation of a voluminous flocculent precipitate resultng from the
addition and interaction of sodim ferrocyamde and zinc sulphate, which at an aod
PH adsorbs posterior lobe hormones They can then be cluted from the separated
precipitate by ammoniacal ethanol After concentration 1mpunties may be pre
capitated by high concentrations of ethyl alcohol The final aqueous eatract, when
concentrated to 5 or 1 per cent of the ongmal volume of urine (which 1s always
adyusted to a constant specific gravity of 1,010) 15 a dark brown homogencous muxture
from which the only thing we have 1solated 1s urea Surpnisingly enough, however,
the recovery by this method of anudiretic hormone added to urne 1s satsfymgly
constant and gratifyingly ligh (Noble & Taylor, 1953 )

In an experiment to depict the effectivencss of this extraction process, from 1 to
10 U of the vasopressor principle may be added to 31 of urine (Noble, Plunkett &
Taylor 1950) For comparative results extraction 1s made of this urine sample as
well as from a control 1liquot of urine but without added antdiuretic hormone The
hormone preparation is then added to the final extract of the control urine and the
samples assayed Using the Burn method of assay and administering the extracts by
erther subcutancous or intrapentoneal mjection 1t 1s found that the difference be
tween the actriittes of extracts to which antiduretic hormone was added before and
after extraction 15 about 15 per cent A recovery of over 8o per cent therefore, 15
consistently experienced

Such an experiment 1n addition demonstrates a curious feature which 1s consist
ently shown with extracts of urine When tested by subcutancous myection the total
apparent recovery 1s found to be increased by a factor up to 5 Ths effect 1s appar
ently related to augmenting substances in the extract which by prolonging absorp
tion, result 1 an increased sensitvity of the method by some 5 times Fortunately
this augmentation 1s constantly shown by urme eatracts so that by using switable
control urme solutions with graded amounts of antidwretic hormone added after
extraction 1t 1s sull possible to obtain quanutative data Intrapentoneal myections
are not followed by such marhed augmentation and may be used for a direct com
parison with a standard dose response curve for approximate quantitative assays
(Noble, Plunkett & Taylor 1950)

Concentrated extracts of urine, however, when either ntraper
or subcutaneously may because of their high salt content or general toxicity, result
1n a non speafic antidress This 1s presumably duc to hberation of endogenous
antidwretic hormane or to renal circulatory changes Such fractions will not cause
non specific antidiuresis 1f tested 1n the small doses required for ntravenous tech
miques Comparative tests of this nature have led to the belief that results obtaned
by using subcutaneous 1njections in rat assay methods are open to serious criticism

For an accurate interpretation of results, thercfore it 1s necessary to appreciate
that eatracts contauung antidiuretic hormone will show erroncously high activsty if
grven subcutaneously when compared with a standard dose response curve for ants
dwretic hormone (mnstead of a curve established using a control extract with added
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1953) Agam using the zinc ferrocyamde extraction we found an appreciable increase
in ADS 1n the unine of individuals after emotional trauma induced by various prac
tical johes , but not after mghtmares apparently involving cqually severe emotional
conflicts Electro convulsive therapy m mental cases 1s consistently assoctated with
the excretion of ADS m the urine, whereas msulin shock therapy 1s not (Rechmtzer
& Noble 1950)

Others have effectively used the zinc ferrocyamde method with apparent success
Just recently Goldman & Luchsinger (1956) 1n recovery experniments were appar
ently somewhat surpnsed to obtam a yield of 109 per cent of Pitressin added to
urme They obtained values indicating an average excretion of 51 mU of antidwretic
hormone over 16 hours in normal individuals In most of our experiments which have
been cited the doses of extract from normal or control urines have been adjusted so
that they contamn only trace amounts of antidiuretic activity For every 100cc of
starting unne of the speaific gravity of 1 010, the extract was concentrated to 5 ml
or 5 per cent of the imtial volume This was given to rats m doses of 0 5¢ ¢ f100 g
1e the equvalent of 10 ml of urine/100 g body weight was admunistered Since the
assay method used requires at least 1 o mU [100 g body weight an antidwretic
response could not be expected unless the urine contaned more than ro mU /100
ml which would be equivalent in humans to an excretion of approximately 200 mU |
day However Taylor & Jessup (1954) have studied the 24 hr excretion of ant1
dwretic hormone 1 normal persons, using extracts concentrated to 1 per cent of the
starting urine volume They have reported that they could extract activity equivalent
to 25-75 mU of antidwuretic hormone daily values very similar to those found by
Dekansh (1951) Also, Taylor & Walker (1951) were able to show from studies on
urmne that one of the less dangerous but more consistently predictable perils of
cigarette smohing was a sumulation of postenior lobe secretion with the liberation of
0 2 to 1 0 umit of antidruretic hormone of which 50 mU found 1ts way mnto the unine
Burn & Singh Grewal (1g51) have confirmed this finding and using the zinc ferro
cyamde method eatracted the equivalent of 75 to 100 mU from urine obtamed after
agarette smohing

Many of these experimental findings have been a fiting epilogue to earlier ob
servations that the same various simul led to an mhibition of water druresis in the
donor through sumulation of the neurohypophysial system The work of Verney
(1946) and Gilman & Goodman {1937) on osmotic sttmulation and dehydration
Brun Knudsen & Raaschou (1945) on famting and Burn Truelove & Burn (1945)
on cigarette smoking may be cited In experiments of a ssmilar nature Dr Taylor

(1956) who has continued his interest 1 studies of posterior lobe function at the
Defence Medical Research Laboratories in Toronto has been able to correlate to a
huigh degree an mhibition of water diuresss to susceptibility to motion sickness i
humans At present he 1s studying the excretion of antidiuretic hormone 1n the urme
of susceptible ndividuals after exposure to motion The finding of antidiuretic
activity 1n the urme 1 experniments of the type descnibed have strengthened the
evidence of endogenous liberation of posterior lobe hormones 1 such conditions,
although 13t must be admutted that conversely 1t has been doubted whether the ap

pearance of antidiuretic activity m the urine at such appropriate times favours the
probability of the active urinary principles being of posterior lobe ongin
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Dr O G Edholm, who was studying the effects of mjections of postenor Prewitary
extracts and of haemorrhage under various controlled conditions on certan cardio
vascular responses in man In g cases ‘Patressin’ 1n doses of 2 to 5 units was given m
travenously The equivalent of 200 to 400 ¢ ¢ of urine from these mdividuals before
mjection was found to have no antidiuretic activity when extracted by the zinc
ferrocyanide method Following the mtravenous mjection of Pitressin, however, all
subjects showed extractable antidiretic activity m the urine over the next 4 hr
Quanutatively, the amount of antidiuretic activity excreted and extracted averaged
approximately 13 per cent of that injected, but vaned 1 different ndividuals from
4 5 to 30 per cent (Noble & Taylor, 1953) Others have obtamed a 5 per cent
antidiuretic activity from extracts of urine prepared by the zinc ferrocyanide method
afier the mtravenous admmistration of up to 1 5 units 10 humans and believed that
the method recovered 81 per cent of antiduretic hormone when added to unne
(Burn & Singh Grewal 1951}

Following mild dehydration in humans which follows the withholding of free flud
1 the diet there 1s an excretion of ADS in the urme Again, 1t was found that the
urine from hydrated subjects did not show such activity but withholding flnds for
periods of 24 up to 65 hr caused an increased excretion of antidwretic substance
which could be extracted from the urine Perhaps more striing 1s the effect of with
drawing all fluids from groups of rats and extracting the collected urine at different
mtervals At 24, 48 or 72 hr of dehydration a marked and increasing amount of
antidiuretic substance 1s found 1n the urine From such studies on dehydration the
amount of antidiuretic substance excreted can be calculated If an appr
figure of 13 per cent urinary excretion of mnjected posterior lobe hormone 15 taken
from the previously descnbed recovery experiments, then it can be estimated that
during the third 24 br period of dehydration rats secreted ‘assumed antuduretic
hormone at an average rate of approximately o 515 mU /mun fhg body weight In
the human cases after much less severe dehydration the maximum rate of secretion
was only o 0o mU /mun jhg (Noble & Taylor, 1953)

If one can assume from the preceding evidence that the antidiuretic substance ex
tracted from unne by the zinc ferrocyamde method 1s one of the posteriar lobe hor
mones then 1t should be possible to employ this method m a study of postenor lobe
function Of the various conditions which we have studied perhaps one of the most
interesting 1s famting In the experiments of Dr Ldholm of 14 patients from whom
vanous amounts of blood were withdrawn and then remnfused half famted at some
stage of the experiment although this was not related to the amounts of blood with
drawn Dr Taylor was able to show that, whereas the urine did not contan ap
preciable amounts of ADS 1n specimens before famting nor at any time in those who
did not famt, there was always a considerable amount of ADS extractable from
urne specmens voided after fanting Furthermore, 3 subjects who famnted from
psychic causes showed ADS 1n urine specimens immedzately after the faint, but not
m samples obtaned after recovery From a quantitative pomnt of view the equivalent
of 85 to 372 mU of antdruretic hormone was extracted after fainting ndicating a
hiberation of from 0 7 to 3 0 umts by the posterior pituitary Curiously enough n
dividuals who lost consciousness associated with black out dunng acceleration did
not excrete more antidiurene hormene in response 1o this reaction {Noble & Taylor
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which we find with one tenth of the quantity In Grolimans & Woods curve the
doses required to show antuwdwresis extended from 10 to 100 mU whereas most
workers under comparable condizons find a dose range of 1 to 10 mU sufficient to
show maximum antidwrests The error of the 10 per cent recovery was therefore
cotrected by the application of another error of a factor of umes 1o grvng a satisfying
Y00 per cent recorery We have been somenhat reluctant to pubhsh this maghed
discrepancy i results which we beliesve invalidates accurate studies using the char
coal method especially since the method bas been used by others with such success
and without comment (Stas Jimks & Murshy 1952)

Having examuned the charcoal adsorption method with such devastaung findings
1t 15 wath some tementy and reluctance that we venture to put forward a new method
of extracuion for your enincism  particularly since further work on 1t 15 obviously re
quired However this method has so many features apparently m ats fnour that we
beliwned 1t would be justified 1o brmg 1t to your attention The method 15 essentsally
an estraction techmque rather than one using 1dsosption and 15 based on a method
which Dr Carroll had used 1 « different project while workmg m the laboratory of
S Alexander Todd at Cambrudge Unine which may be concentrated to one filth
of 1ts ongmal volume for ease m handhag 15 adjusted to pH 5 It 15 then eatracted
three umes with equal volumes of concentrated phenot solution saturated with
water The phepol fraction contamns the 1cuvity which may then be recovered from
the phenol solution by the addition of ether and back extriction with water The
aquepus fracton 35 taken to dryness and the dned residue may be eatracted with
absolute alcohol to remove impurnittes The final extract has a twtal sohd content of
approximately one seventh of the comparable extract prepared by the zme ferro
cyamde method {37 5 mg per oo mi of urne of the speatfic gravuy of 1 ot0)
(Jessup Carrolt & Noble 1936)

The recovery of anudwreue hormone added to unne or saline by the phenol
method has been consmstently better than 85 to go per cent When ahquots of the
same urine were extracted by this method and that usmng zine ferrocyrmde the re
conery was always equal to or better than that found with the adsorption method
The pherol method has also been applied to the unine of rats obtamed dunng pro
gressive dehydranon Apparently the endogenously preduced antidivrenc hormone
when excreted can also be extracted by this method Sxmilarly the methed has been
used and 15 paruculasly suted for determinang the excreton of antidwrenc hor
mone by normal humans Unfortunately phenol abo extracts the pressor substance
previously referred to 1n normal urme which 15 not posterior lobe hormone Inutsal
tests however mdicate that such exteacts contam only approxsmately one half the
pressor actinvty of extracts made by the zine ferrocyamde method from the same unine
samples

Peshaps the most useful contrsbution of the pheno! method may be mn its apphica
ton 1o the eatraction of antdiuretic hormone from blood Tt 1s obviously beyond the
scope of this paper to review this particular field but 1t may be mentioned that the
additson of the phenol to plasma or serum acts as a protem preapitant at the same
time as 1t extracts the postenior Iobe hormone When antidwretic hormone 1s wdded
to plasma it may be recovered equally a3 well as from urine by the phenol method
A smgle expersment was performed to compare the pooled blood dranvn by heart
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The suggested implication of neurohypophysial stimulation under conditions of
altered osmotic pressure of the blood, famnting, emotional stress, electro convulsve
therapy cigarette smoking, vestibular simulation due to motion and to which should
be added suchling in rabbits (Cross, 1951) and sexual intercourse in humans (Friberg,
1953), 1s sufficient to suggest that an endocrinologist 1s not entirely suited even to
attempt to indicate tentatively a common factor or new nervous pathway which
mught ultimately allow all these various sumuli to reach the neurohypophysis
rather I shall leave thus to the neurophysiologists

I feel somewhat remiss for presenting so many of our results using the zinc ferro
cyanide adsorption method of urine extraction, especially as some of these results
may be familiar to you However, most of our expertence has been with this method
and 1t seemed necessary to review this before attempting to consider some newer
studies The mam drawbach of the zinc ferrocyamde method 1s the high degree of
mmpurity of the final extract especially 1n concentrated extracts such as may be
necessary to determine small amounts of antidretic activity These impunties may
lead to toxic side effects 1n the assay animals The publication of an apparently m
proved adsorption method by Grollman & Woods 1n 1949 was therefore viewed with
considerable nterest In this procedure actvated charcoal was used to adsorb the
activity at pH 5 The activity was extracted from the dried charcoal precipstate by
glacial acetic acid and from this 1t was precipitated by 10 volumes of cthanol-
petroleum ether misture The resulting product was reported to yield a go per cent
or higher recovery of postenior lobe hormone Dr Jessup has studied this method
extensively when applied to saline solutions or urine and has found that 1t leaves a
great deal to be desired The final extract 1t 13 true contams only about 1/50 the
amount of total sohd (6 5 mg from 100 ml of unne of the speaific gravity of 1 010)
when compared with the zinc ferrocyamde product (310 mg from 100 ml of urme
of the specific gravity of 1,010) but unfortunately 1t contains only about one tenth
of the expected yield of antudiuretic activity (Jessup, Taylor & Noble, 1956)

‘When the charcoal adsorption method was appled to either saline or unne to
which concentrations of Pitressin up to 200 mU /100 ¢ ¢ had beenadded therecovery
was neghigible For concentrations above 200 mU and up to 1 unit per 100¢ ¢ the
recovery rate was approximately 10 per cent In experiments run in parallel tg
compare with the zinc ferrocyanide method, 1t was noted that this method extracte!
80 per cent of the antidwuretic activity when Patressin was added to unine m con
centrations as low as from 10 to 160 mU per 100 ¢ ¢ ofurine Ifthe charcoal method
15 examned step by step and the residues extracted by the zmnc ferrocyanide methot:
and then assayed, Dr Jessup has found that approxmmately 25 per cent of the tota
actwity was not adsorbed on the charcoal About 50 per cent of the acuvity ¢
mamed 1n the acetic acid eluate and was not precipitated by petroleum ether and
alcohol Since 10 per cent only was recovered mn the eluate the remamng 15 per
cent was probably not eluted by acetic acid from the charcoal This discrepancy
the results obtained by us and those reported by Grollman & Woods 1s more appar
ent than real Actually, our recoveries of 10 per cent using thewr method appear to

bvious because
as iadequate as those reported by them but this 1s not o
o i . onse curve mn rats which

be eq
their calculations of recovery were made from a dose resp <
required 10 times the amount of antidiuretic hormone to give excretion tm
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experiments for the antidiuretic actvity found in zinc ferrocyanide eatracts of normal
human urine and also for the activity extracted by the phenol method from the urine
of dehydrated rats Before one concludes that the antidiuretic actrvaty of such extracts
18 not due, therefore, to the antidwretic hormone 1t should be mentioned that in our
expertence thioglycol 1s not effective against posterior lobe hormones in the presence
of large amounts of tmpurities such as 1 crude prtuitary extracts The finding re-
mans, however, that although at 1s not difficult to destroy posterior lobe hormone
added to unne extracts with thioglycol, 1t has not been possible to destroy presumed
postenor pitwitary hormone of endogenous onigin m stmular extracts In view of the
evidence previously presented 1t would appear probable that the antidiuretic activity
1n unine extracts is of pituitary onigin so thatit would seem that endogenous postertor
pitustary hormone may be present m the urine 1 some form which 1s protected from
the action of thioglycol but 15 yet extractable and active on mjection nto the test
ammal

It 15 probably fiting, therefore, to conclude this paper with the warming that any
suggestion that the antidwretic actvity obtamed with any method of extraction
respresents a simulation and liberation of hormones by the neurohypophysis should
be regarded as speculation untif the ime when chemucal identification methods are
practical The cautious and critical approach to the whole problem of the anti
diretic activity of urine would still seem to be justified 1n case erroneous conclusions
as to hypophysial function are drawn which would further complicate an already
difficult field of newrophysiology
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puncture from 5 normal rats under ether anacsthesia, with that removed from 5
ammals dehydrated for 72 hr The eatracted plasma drawn from rats by this ex
sangumation technique showed a marked antidruresis on assay, and when compared
with a standard of Prtressin, mdicated a level of 1 2 mU per ¢ ¢ The rmmals pre
viously dehydrated yielded a plasma contamming 4 8 mU per ¢ ¢ under comparable
conditions These values are obviously high, sice they have not been corrected for
the augmenting action of the serum On the other hand, following exsanguination and
cther anacsthesia a value of 1 2 mU per cc for rat serum was obtaned on m
travenous 1ssay by Ginsburg & Heller (1953)

The evidence which has been presented from the study of results obtamed for the
antidwuretic activity of unine using extraction procedures, the errors of which are
recogmzed, strongly supports the contention that 1t 1s the antidiuretic hormone in the
unine which 1s beng eatracted Thus the quantitative recovery of antidiretic hor
mane added to urine the tmmedinte appeirance of antidiuretic 1ctivity 1n the unne
followmng the intravenous mjection of posterior pituttary extract, the mncreasing
actiity of the unne paralleling mcreasing dehydration, and the amounts of anti
duretic actiity obtained 1n urine extracts after smoking or fanting are indicatne
that the antidiuretic hormone 15 being excreted Furthermore, the quanttatne data
which have been obtained 1n these experiments, using Burn s method of assay are
close agreement with those reported by others using different assay techmques

It would perhaps be convincing if one concluded at this ime that the antidretic
substance estracted from urine represented 1 secretion by the neurohypophysis
However since this paper was designed to present some of the dufficulties encountered
and cniicisms levelled at this experimental approach it 1s only fitting to record some
recent findings which are perhaps at variance with the concept so far developed m
general the properties of the active substance m unne extracts correspond closely to
those of the piturtary antidwretic hormone and we have been impressed with
observations on the stability to heat at various pH levels It has been found repeatedly
for example, that at pH 10 raptd mactivation of active extracts tahes place on heating
(Noble Plunkett & Taylor 1950) The use of thioglycol to inactivate antiduretic
hormone has been advocated repeatedly by van Dyke, but curiously enough, Ames
& van Dyke (1951) found that sodium thioglycollate would cause an antidwresis per s¢
and was toxic if adminstered subcutaneously to rats However 1t was well tolerated:f
given intravenously and did not cause a compheating antidiuresss so that it proved to
be an efficient mnactivator of antidiuretic hormone 1f intravenous assav methods were
used Since the assay method used 1n our laboratory involved the subcutancous mjec
tion of the test extract we had notattempted tomactivate urmne extracts with thioglycol
untilrecently Rather toour surprise Dr Jessup failed to find antidiurests or other toxc

mantfestations when sodium thioglycollate was given subcutaneously to fed or fasted
rats of the Sprague Dawley stramn Thus 1s n keeping with the carher obseryations of
Rall,, Raisz, Leshe Dumm & Laken 1950) On the other hand approximately
85 per cent mactivation by thioglycollate of antiduretic hormone i saline or
extracts of urme prepared by the zinc ferrocyamde or the phenol method was found
by assays employing subcutaneous 1mjection When however the activity of extracts
y due to endogenously produced posterior piturtary hormone no

umabl
::;‘,sc(ﬁr:xsmn could be produced by thioglycol This has been demonstrated single
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200 ¢ ¢ of normal unine would be expected to contain about 5 mU of antidwuretic
activity

an Dyke 1 was thinking of approximately 10-20 mU  that would be 10 or 20 times
the dose you would need for a single intravenous antidiuretic myection 1n the dog
Such assays may be worth trying if the phenol method continues to hold promuse

Our experiments with thioglycollate were performed because Ralli and her co
workers (1mer J Plyswl 163 141 1950) reported that there are two antidwretic
substances 1n Pitressin one of which 1s active 1n the rat but not m the dog Her con
clusions for the rat were based upon the fact that thioglycollate appeared not to
nactivate the hormone causing antidresss in the rat Unfortunately she did not do
control experiments with thioglycollate uself We found that thioglycollate 1s quite
toxic subcutaneously 1 the doses Dr Ralli had employed In many cases we ob
served haematuna and obvious evidence of renal damage I wonder whether you
used doses as large as Ralli had employed n her experiments

Noble We used the same dose which you found to be toxic and we ncreased con

siderably above 1t and to be on the safe side we also went considerably below We
are at a complete Ioss to explain this difference in results There was no suggestion of
toxicity or antidiuresis at all n the Sprague Dawley stramn of rats good inhibition of
posterior lobe activity by thioglycollate was found when tested agamst standard
extracts using subcutaneous mnjections

Dale 1 do not want to complicate matters by suggesting another technique but I
wonder 1f Dr Noble has ever tried what seems to me to be a very elegant and useful
process which my late colleague Dudley used After preltminary punfication and
neutralization of the posterior lobe extract Dudley added sodium benzoate and then
on aadification with hydrochloric actd obtained a finely crystaline precipitate of
benzoic acid to which the active hormones adhered This precipitate was collected
washed and dried Place in a thumble extract the benzoic acid with dry ether and
you are left with a very small intensely active residue I don t know whether 1t would
work with urme but 1t might be worth trying Somebedy in Toronto tried it I think
at a certamn stage of msulin solanon but of course they eventually found better
methods for that particular separation

Noble 1 think that we explored that method It did extract some activity but at that
time we were not trymg to do quantitative experiments It would be mteresting to
try the method you suggest

Dale Tfst works the benzoic acid method might have great advantages The actrvty
1s separated on a crystalline precipitate of benzoic acd  which 1s soluble i orgame
solvents and these do not dissolve the active material

Cole T would like to ask Professor Noble 1f he has tried feeding a high sodium diet to
see 1ts effect on the excretion of antidwretic hormone 1n the urine

Noble No

Eisen With regard to the nature of the antidiureuc substance 1n urme I should Like
to mention some studies carried out by Dr A A G Lewis and myself (Esen &
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Dascussion
Charrman  F M Yoffey

van Dyke 1 feel that 1f Professor Neble could perform intravenous antidiuretic assays
he might be more satisfied For that reason I should like to sk hum how much antt
dwretic actwity the extract contaned  How many milh unts were present i add1
tion to this pressor substance?
Noble The pressor acuvity was actually n an extract of normal hydrated human
ne, which would not have enough antdturetic activity to show at all by our
u:dm’nry methods The 2 ¢ ¢ of 1 per cent extract which would be equivalent to
o
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The effects of haemorrhage and plasma
hypertomcity on the neurohypophysis

M GINSBURG and L. M BROWN
Department of Pharmacology Lmtersity of Bristol

In this symposium so far we have been concerned maimly with the morphology of
the neurohypophysial system the chemustry and the fate of neurohypophystal hor
mones Most of the papers we are to hear during the remamder of the symposium
deal with the action of the hormones 1n regulating and controtling bodily function
The hormonal control of body functions 1s usually achieved by a sequence of three
events First a change within or on the surface of the organism affects sensory re
ceptors which are exther part of the gland or connected to 1t secondly, a response by
the gland to stmulation alters the rate at which hormones are liberated into the
arculation and thirdly cellular activity 1n target organs 1s affected by blood borne
hormones
Much of our work aims at revealing the nature of the mmtiating stimult and the
action of the hormones for where a hormone s effect 15 related to a change which
provohes 1ts Liberation a self correcting, physiological mechanism may be wmvolved
While there can be no doubt that the antidiuretic, milk gjecting and possibly oaytocic
actions of posterior pituitary hormones participate i such mechamsms 1t 15 usually
denied that the vasopressor action of the antidiuretic hormone has physiological
sigmificance Ths assertion 1s usually based on the argument that the amounts of the
hormone required to affect blood vessels are much greater than are commonly
believed to be hiberated from the gland However 1t has been shown that haemor
rhage provokes an antudiuretic response and so we undertook further study of this
phenomenon to see firstly whether during haemorrhage there was a discharge of the
antidmretic hormone from the posterior pitwitary 1 amounts great enough to
suggest that 1t aided the maintenance of blood pressure and secondly if we were
successful to determune how the body changes during haemorrhage affect the neuro
hypophysis
There are two ways mn which such a problem can be approached First by study

of changes in the function of a target organ n an anrmal subjected to manceuvres
which may alter the rate of secretion of the hormone Observations of this kind were
made by Rydin & Verney (1938) who found that removal of small volumes of blood
from an artery (sufficient to lower blood pressure by 10 mm Hg) 1n water loaded
dogs brought about a marked mhibition of urine flow and that this response to
haemorrhage did not depend on the innervation of the hidneys or the secretion of
adrenaline However 1n expersments in man Lews (1953) found that removal of
as much as 1 200 ml of blood by venesection did not affect water diuresis
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Lewss, Lancet 11, 361, 1954) with the urincs of post operative patients collected dunng
the twenty four hours following surgical procedures of varous extent Acidified,
filtered urines, hept 1 the deep freeze and diluted 5-20 times, were assayed by in
trivenous route in cthanol anaesthetized rats and m 2 well tramed dog with
estiblished experimental diabetes insipidus The antidiuretic activities found ranged
from 0 05 to 2 5 mU jml Our recasons for believing that this was due to posterior
pituitary hormones were the following  the responses m the two species of test
antmals were mostly of the same order of magnitude mn terms of Pitressin activity
In the dog, the anudiureuc responses occurred without changes 1n the endogenous
creaunme excretion and could be ascribed to tubular water reabsorption In rats
the slopes of the log dose respanse cutves of urinary actiity and Pitressin were
lughly similar Urinary activity was destroyed by boiling m alkalt and by contact
with sodium thioglycollate

I can confirm Professor Noble s observations that sodium thioglycollate occasion
ally does not destroy postertor pitustary factors We found that destruction 1s more
successful when the salt 1s freshly prepared and contact 1s mamtawmed for at least 30
rmunutes Some rats showed, after one or more intravenous mjection contaming
sodwum thioglycollate, a greatly reduced responsiveness to Pitressin

Retss Professor Noble did you test your extracts for the presence of anterior pitutary
hormones ?

Neble The phenol extraction method would extract certain of the antertor pituitary
hormones but we did not test for them as a routine It 15 curious that prelmnary
tests indicate that 1t will apparently extract FSH from post menopausal urine, but
not chorionic gonadotrophin

Chalmers Lewis and { some ume ago observed anudwresis after fainting and we
found that the duration of the antidiuresis was matched by mtravenous myections of
Pitressin of the order of 0 5 to 2 0 U which T think agrees very well with what
Professor Noble found
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axd plasma hyp by on the neurolypophysis

sncreased so that m the fifth sullilitre 1t was at least 10 tunes greater than that of the
first mullilitre withdrawn The actnaty in blood coming from the head was 4-6
times greater than that of artenal blood and the absolute difference between external
Jugular and artenal blood anndmirenic activity sncreased from 0 2 mU /ml 1 the
first nulibitre to 30 mU fml 1n the fifth milbbire of blood withdrawn The
anudiuretic substance must therefore enter the arculation in the head Later
expentments showed that thrs substance could not be detected in the blood of neuro
hypophyscctomized rats and that the anudmrenc acinaty was abohshed by treatment
with thioglycollate so it may be concluded that postenior pitwitary antidiuretc
hormone was hiberated m increased amounts during hacmorrhage

It has been suggested that the antidmurenc response to haemorrhage 15 a con
sequence of emotional disturbance, but since in the present expeniments the blood
was withdrawn from anaesthetized animals it 1s improbable that emotional stmuh
were invohed
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Effict of slow hacmorrhage upon blood pressure and antidurctic act sty in external pugular blood tn rats
anaestheuz d with ctter pentobarb tone and u ethane © 5! tlood{10ag was w thdsmwn at
40 ant e als

@ U vasopressn/mi blood
blood pressurc mm Hg

InTig 2 the results are shown of typieal experments in which blood was with
drawn more slowly from rats anaestheuzed with ether pentobarbitone and urethane
Blood 0 5ml per 100g body weight was withdrawn at 4 mmn ntervals from an
external jugular ven and when a sample of Blood was taken for anuduretic assay an
cqual volume of rat blood was simultaneously returned to the ammal via a femoral
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The second approach, which we have rdopted, 1s to measure the changes n the
amounts of the hormone 1n body fluds Noble & Taylor (1953) cstmated the anty
diuretic hormone content i urine 1 men After blood withdrawal, they found ant
duurettc actvaty 1n urine of only those subjects who famnted during blood withdrawal
and nonc 1n the urine of subjects who remuned conscious

In the expermments I 1m about to describe we have followed the changes m anu
diuretic 1ctivity 1n blood during hiemorrhage A disadvantage mherent 1n this type
of experiment 1s that the effect 1s observed of only that fraction of the Liberated hor
mone which 15 present n a symple of blood and therefore only great changes m
hormone sceretion can be detected On the other hand, the demonstration of 1
creased 1mounts of the hormone m blood gives the most direct and unequivocable
evidence of increased hormone secretion

e Ext jugular vein 2l Common carotid artery
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Frgure 1

Lfect of hacmorrhage in rats anaesthetized v th ether on the antidretic potency of external jugular
common carotid blood The interval bet ecn the withdray al of each ml was go sec
Antidiuret ¢ poteney of blood (mU vasopressin/ml )

Figure 1 shows
at go sec Interval
anaesthetize

Ordi ate

4bsassa ml of blood

110

(Gunsburg & Heller 1953)

and

the antidiuretic potency of successive millilitres of blood withdrawn
Is from a common carotid artery or an external jugular vemnrats
d with cther The anudiretic potency of the blood from both sources
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detected n the first sample of external jugular blood In all expersments with ethanol
anacsthesta, the antidwretic potency of the blood increased during haemorrhage,
reaching 5-10 mU vasopressin per ml Three experiments were performed on rats
anaesthetized with chloralose, 1 two, no antiduretic activity (1 e less then 200 U /
i) could be detected i the external yugular blood even after removal of 3 0 ml
blood/100 g body weight In the other rat {the experiment illustrated), the laghest
anvdwretic actimty was less than 2 0 mU finl blood The blood pressure fell by
20 mm Hg or less each time blood was withdrawn from rats anaesthetized with
chloralose whereas with other anaesthetics sooner or later, the blood pressure fell
suddenly by 40 mm Hg or more, and the increase n blood antidiuretic activity was
associated with this fall in blood pressure It 15 possible therefore that the lower
activity 1n blood during haemorrhage n chloralose anaesthesia 15 due to an altered
pattern of blood pressure change rather than a specific effect upon the neurchypo
physial system or peripheral receptors linked to that system
The antidwretic activity of blood during haemorrhage 1n ethanol anaesthesia was
only shightly lower than that found i experiments when ether pentobarbitone or
urethane were used Ethanol can prevent the release of antidireuc hormone m
other circumstances but 1t does seem that the description of ethanol anaesthesia as
functional neurohypophysectomy (Dicker 1953) 1s not justified m this connexion
Figure 4 shows the changes in anudiwretic activity of external yugular blood follow
g a single rapid removal of approximately 40 per cent of the blood volume mna rat
anaesthetized with pentobarbitone 5 5 ml of blood was withdrawn 1 2 mm from
a femoral artery and the artery was then connected to a blood reservoir in which the
blood level was 44 5 cm (equivalent to approx 36 mm Hg) above the ammal s
heart During the subsequent 25 min a further 0 5 ml of blood transfused out of the
ammal but the blood pressure did not change The antidiuretic activity 10 a sample
of external jugular blood taken 4 mun after the removal of blood was 25 times
greater than that before haemorrhage The antudiwuretic hormone concentration then
fell rapidly and 12 mun later was of the same order as that found 1n blood before
haemorrhage Thus fall was followed by a second rise in the blood antidwuretic activaty
The essential features are similar to those of the slow haemorrhage expertments
The liberation of antidiuretic hormone 1n the first place followed closely upon the
fall 1n blood pressure and there was a sccond increase 1 the hormone concentration
i the blood (m this case) after 20 min of hypotension
These findings mdicate the liberation of very large amounts of antidwretic
hormone from the pituitary during haemorrhage and that the discharge of the hor
mone 15 more closely related to the fall in blood pressure than to changes 1n blood
volume This may of course apply only to the massive discharge of the hormone
under our experimental conditions Concentrations of antidiuretic hormone m the
venous cffluent from the head of the order of 10-20 mU /ml blood are certainly
tigh enough to suggest that the hormone could have a sustaming effect on blood
pressure during haemorrhage This conclusion 1s supported by the findings of Frieden
8. Kellar (1954) who mcasured the volume of blood which 1t 15 necessary to remove
from dogs wn order to lower the blood pressure to 40 mm Hg and found that
dogs with experimental diabetes nsipidus this volume of blood was signuficantly less
than in normal ammals It has been suggested that the hberation of antidiaretc
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vemn The blood pressurc was recorded from 1 femoral artery In these experiments

we observed up to 100 fold increases in the antidruretic potency of external jugular
bleod Before haemorrhage m the first sample the antidwretic activity was 0 1-0 3
mU  vasopressin/ml blood The first big increase in antidiuretic acuwity (about
5-10 fold) scemed to occur after the first pronounced fall in blood pressure, te a
fall of 50 mm Hg or more In somc experiments, the blood pressure fell and the
anudiuretic activity rose after the first haemorrhage, but 1n others nather change
occurred untl after three wathdrawals of blood This was followed by a continuous
wmcrease m the antidretic activity of the blood or the activity remamned unchanged
until 8-12 min after the first increase, when 1t agan rose abruptly In experiments
sath these anaesthetics (ether, pentobarbitone and urethane) concentrations
equivalent to 10-20 mU vasopressin per ml blood were usually found after §
haemorrhages and the highest concentration we recorded was 26 mU /ml blood

Ethano) Chloralose
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rats in which the carotid sinuses were denervated 1n addition to bilateral vagotomy,
the amounts of antidiuretic hormone werc lower than those found 1n rats with these
nerves mtact However 1n these expeniments, every time blood was withdrawn, the
blood pressure fell in steps of less than 40 mm and the charactenstic sudden collapse
of blood pressure was not observed It 15 therefore not possible to conclude that m
this experiment we had destroyed a speaific nervous pathway through which changes
1n blood pressure are transmitted to the pitwitary since the pattern of blood pressure
change duning haemorrhage had been altered However, the results obtained with
vagotomized rats may be pecuuar to this species Blood hosman & d Amour (1955)
have shown recently that although pulmonary depressor reflexes can be elicited mn
rats theresponscsare not abolished (asin other species) by ection of the vagus nerves
A connexion betw een stretch receptors in the left aunicle and pulmonary vemns with
unne flow has been demonstrated by J P Henry O Gauer and their co workers
(Gauer Henry, Sicher & Wendt 1954 Henry Gauer & Recves 1956 Henry &
Pearce 1956) If these changes i unne flow which are associated with the state of
filing of mtrathoracic blood vessels are indeed determmed by the neurohypophysial
antidiuretic hormone such receptors could be 1nvolved 1n the release of the hormone
during haemorrhage The present experiments have not given decisive mformation
on this pomnt, possibly because of the peculianty of the rat mentioned above How
ever a few years ago Professor Heller and I (Ginsburg & Heller 1953) found that
blood taken by heart puncture from anaesthetized rats had greater antidwretic
activity than could be accounted for by the activities 1 venous blood We thought
then that this might have been due to the release of antidwretic hormone by
puncture of the myocardium or alterations of the pressures within the intrathoracic
arculation
These findings of a connexion between intrathoracic stretch receptors and urme
flow are not entirely consistent with some older observations For example electrical
stimulation of the central vagus hiberates hormones from the neurohypophysis while
actvation of the intrathoracic stretch receptors which increases impulse actwity
vagal fibres, has what would appear to be the opposite cffect—it induces a diuresss
Indeed at present there 1s little or no evidence for the view that the changes in
unne flow associated with these stretch receptors are determuned by postertor pitmt
ary antidiuretic hormone—although an alternative might be hard to find
After we had shown that during haemorrhage 1n rats large amounts of antidiuretic
hormone are Liberated from the posterior pituttary we mvestigated the effect
of haemorrhage upon vasopressin and oxytocn contents of the neurohy pophysis
The oxytocic and vasopressor activities i extracts of glands from rats anaesthetized
withr ether ethanol and chloralose were not different from those from unanaesthet
1zed rats which had been Lilled by decapitation and slow haemorrhage of the
anaesthetized rats did not affect the hormone contents i the glands The ratio of
Pressor to oxytocic activity m all extracts was not sigmficantly different from 1 o
Figure 5 shows the results of similar expertments 1 rats anaesthetized with pento
barbitone and urethane In the extracts of glands from rats anaesthetized with
urethane, the vasopressin content was less and the oxytocin content was more than
in those from unanaesthetized rats and the ratio of pressor to OXYloc1C activity was
of the order of o 5 again, bleeding did not affect the activities of the gland extracts
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hormone 1n response to a fall in blood pressure might account for the antidresis
assoctated with syncope and with vomiting (Andersson & Larson, 1954) Admins
tration ofhistamine and veratrum alkaloids also provohe the hiberation of ant
diretic hormone and these too may be responscs to the fall in blood pressure
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Frgure 4
Effect of raprd haemorrhage on blood pressure and antiduret ¢ actnaty n external
Jugular blood 5 5 ml blood was withdrawn n two minutes and the blood pressure
mamntamed at 33-37 mm Hg
® @ mU sasopressin/m! blood
blood p essu ¢ mm Hg

Insiew of the evidence that following electrical sumulation of the vagus nerve there
15 liberation of posterior pituitary hormones (Chang Chia Huang & Lim 1939,
Andersson 1951) anobvious way in which this response could be mediated 1s through
an increase 1n chemoreceptor or baroreceptor impulse activity 1n afferent vagal fibres
However 1n experiments on rats in which both vagi had been divided 1n the nech
the ncrease in antidiuretic activity m blood during haemorrhage was not prevented
and was again assoclated with a sharp fall in blood pressure During haemorrhage m
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the posterior lobe so that the hormones are transferred m ncreased amounts from the
gland mnto the arculation and trophic simuli which increase the amounts of bio
logically active matenalin the gland Ames & van Dyke (1950) found an increased
vasopressin content m the postertor pitwitaries of rats which had been deprived of
flud for g days, but 1in most investigations the hormone content of the neurohypo
physts has been found to decrease under conditions or after treatment which would
ncrease hiberation of hormones from the gland However close exammation of some
of these results leads to the conclusion that trophic sumulation of the neurohypo
physial hypothalamic system also occurred The normal rate of antidiuretic hormone
secretion has been esttmated 1 dogs to be of the order of 1—5 mU /hr (Shannon
1942) and 0 3-1 2mU /hr 1n rats (Dicker 1954) assuming that the vasopressin
content of the postenior lobe does not vary greatly from day to day this rate must
be approximately equal to that at which the hormone store 1s normally replenished
In Hild & Zetler s (1953) experiments after restoration of access to water m dogs
which had been thusted for 14 days, the vasopressor potency of neurchypophyses
ncreased at a rate of 2 7 units/day 1 ¢ the rate of repletion was 20-100 times greater
than normal More strihing perhaps, are the results of Dexter, Stoner & Green
(1954) who showed that following depletion by ATP injection the antidiuretic
activity of rat posterior piturtaries was restored by over 200 mU (one thurd of the
content of 1 normal gland) in 30 min 1€ 330-1 300 times faster than the normal
rate Similarly Rothballer (1953} found that painful stimuli in rats caused almost
complete depletion of neurosecretory substance 1n the neurchypophysis withm a few
minutes, after 2 hr the normal content of neurosecretory matertal was restored Since
the activity 1n the hypothalamus 1s small compared with that 1n the pituitary reple
tion at such rates cannot be explamed solely on the basis of increased rate of flow of
the axoplasm current {Scharrer & Scharrer 1954) Such stimuli must also increase
the rate at which active matertal 1s formed 1n hypothalamic nucler The amounts of
active substances 1n the neurchypophysis are determined by the rate of repletion as
well as by the rate of hormone release and the turnover of hormones by the gland
may be independent of the level at which they are stored Change in the hormone
content of the gland 1s therefore not a rehiable index of secretion
The liberation of antiduretic hormone during haemorrhage appeared to occur 1n
two stages The first discharge of the hormone was associated with a fall 1n blood
pressure and the second one occurred after 10-20 min of sustained hypotension We
thought that the second mcrease m the concentration of antidiuretic hormone 1n
blood might be due to the liberation of substances such as ATP or ferntin which
could stimulate the further release of antidiuretic hormone
To test this hypothesss blood was tahen from a rat during sustamed hypotension
and 1ts antidiaretic effect when given 1nto an mternal carotid artery was compared
with 1ts effect after intravenous admunstration We found that the antidiuretic effect
was the same when the blood was given by either route However when o 5 ml of
4 5 per cent NcCl solution was mjected mto the carotid there was no inhibition of the
dwresis This disturbing observation demanded further myestigation
The iyections were given to unanaesthetized rats through an extertorized poly
ethylene cannula inserted mto an external carotid artery between the ongs of
the occipital and superior thyroid arteries The tip of the cannula was placed close
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Effect of anaesthesia with pentobarbitone and urethane and the effect of haemorrhage on the oxytocun and
vasopress o contents of rat neurohypophyses
oxytocn
“asopressin

In rats anaesthetized with pentobarbitone the oxytocin and vasopressin contents of
the gland extracts were less than in the unanaesthetized controls with greater deple

tion of oxytocmn so that the ratio of pressor to oxytocic activity was now of the order
of 2 0 In gland extracts from rats which had been bled under pentobarbitone an

aesthesia, both the axytoun and vasopressin contents were significantly greater than
1n glands from anmmals which were only anaesthetized although the ratio of pressor
to oxytocic actiity remamed at about 2 0 Smnce haemorrhage under these cond

tions undoubtedly causes liberation of antidiuretic hormone mto the blood, this
finding can be explamed only by mcreased repletion of the hormones stored m the
gland It may therefore be necessary to distinguish between froprc sumult which affect
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Figure 7
Effect of slow injection (30 sec ) of hypertome NaCl solution on ur ne flow n unanaesthetized rat
(a) 30 wU sasopressinin o gml o g per cent NaClay
(8) 30 pU vasopressin tn 0 3ml 4 5 per cent NaCl 1y
() 03ml o0g per cent NaCl mto left nternal ca ot d
{d) 0 3ml 4 5 per cent NaCl nto left 1nternal carotid
{e) 60 pU vasopressinin 0 3ml 4 5 per cent \aCl1y

‘When hypertonic solutions were mjected more slowly the interference with ad
mnmstered Pitressin was absent or not promment Figure 7 shows the results of an
experiment m which the water load was d by water ad ration by
mouth When 30 or 60 U of Pitressin were given in 4 5 per cent NaClsolution and
the injection given over 30 sec there was no mterference with the antidruretic re
sponses but agamn when a hypertonic NaCl solution was mjected wto an nternal
carotid a brief enhancement of the diuresis occurred without any indication of an
antidwress In this experiment the absence of an antidiuretic response cannot be
attributed to interference with the effect of the hormone on the kidney

These findings 1n rats are not n agreement with those of Verney (1947) m his
experiments on dogs Verney did not investigate the effect of rapid 1ntravenous in
Jection of hypertonic solutions on the antidiuretic responses to njected vasopressin
mn hus dogs but judging from the effects he obtaned following intracarotid injection
of hypertomc solutions the amounts and rates of his injections did not interfere with
antidiuretic responses

The effect of continuous 1ntracarotid infusion of hypertonic NaCl solution 1s shown
on Fig 8 The urine flow mcreased durmng mtracarotd wmfusion of 1 8 per cent
NaCl When the hypertonic salt solution was infused ntravenously together with
Pitressin the anudiwretic effect of the Pitressin was mashed so that the urine flow re
covered even while the Pitressin administration continued but there was a definite
antidwretic effect during the first ten mnutes of infusion In this eaperiment NaCGl
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to the carotid bifurcation and uts wall bloched the ongm of the occipital artery
Injections made 1nto this cannula are driven nto the internal carotd by the force of
the artertal pressure The cannulae were nserted, under ether anaesthesia, 4-5 hr
before the experiment
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Figure 6
Lffect of rapid njections (5 sec) of hypertonic NaCl solution on ur ne flow 1n unanaesthetized rat
(a) 300 pU 1asopressin 1n 0 4 ml 0 g per cent NaCl1 s
(8) 300 sU  asopressinin 0 4 m! 3 6 per cent NaCl iy
{c) o 4ml 36 per cent NaClinto right internal carotid

Figurc 6 shows the results of one of our first experiments In a rat with cannulie mn
the bladder esternal jugular vemn and an external carotid artery a hugh water load
was mamtained by mntravenous mfusion of a 1 per cent solution of dextrosc In
travenous tnjection of 300 ¢ U of Pitressin 1n 0 g per cent NaCl given mn 5 sec had a
typical antidwrenc effect lasting 1o-15 min When the same dose of Pitressin was
given 1n 3 6 per cent NaCl solution the antidwretic cffect was mashed During the
two minutes follow ing the injection, the urine flow was almost doubled and thereafter
fell to shghtly below the imtial rate to which 1t returned about 10 mun after the in
jecuon When hypertorue NaCl solution was given nto the night internal carotid
the urine flow 1ncreased for about 10 mmn without any mdrcation of an antidiuretic

effect
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was infused at the rate of 12 5mg [hg /mun 1ncreasing the osmotic pressure of
the mternal carotid blood by 15 5 per cent For companson when Verney, 1 one of
his experiments infused a hypertonic NaCl solution into a common carotid 1 a dog
gving 11 0 mg NaClfhg /min and increasing the osmotic pressure of the blood by
18 o per cent profound and long lasting hibiion of unne flow was produced
Figure g shows that results essentially sumilar to those obtamned during infusion of
NaCl solution were also obtained during intracarotid infusion of hypertonic solutions
of sucrose In this expenment an 1sotonic sucrose solution was infused mnto the
night internal carotid for 10 mun causing a shght enhancement of the diuresis This
was followed by an intracarotid infusion of 31 8 per cent sucrose at the same rate
which we calculated would increase the osmotic pressure of the caroud blood by
14 5 per cent The rate of urine flow was more than doubled The third intracarotid
nfusion gaven in this eaperiment was also 31 8 per cent sucrose but the infusion rate
was reduced so that the animal received the same total quantity of sucrose as during
the first 1sotomic infusion The increase 1n osmotic pressure here was 3 o per cent
Agan there was a shight enhancement of the diuresis very sumilar to that obtaned
dunng the infusion of 1sotonic sucrose
These findings appear to be in direct contradiction to the findings 1n dogs by
Verney (1947) Ames Moore & van Dyke (1950) and Abrahams & Pickford (1954)
At first we considered the possibility that the mjections were not in fact entering the
mternal carotid artery and the cerebral circulation During intracarotid injection or
mfusion of strongly hypertonic solutions the rats showed signs of excitement and dis
comfort rotation of the head and jaw moyements remuniscent of chewmng were
frequently observed These effects did not occur afier ntravenous admmistration of
hypertonic solutton About 2-3 seconds after intracarotid mnjection of Evans Blue in
albino rats, the retina was seen to be momentarnly suffused with blue dye The best
evidence that the injections entered the internal carotid was obtained by jecting
#Na o 3ml ofa o g per cent NaClsolution contaming 200 micro curtes of 22Na was
mjected 1nto an mternal carotid or an external jugular ven 1 30 sec  1mmediately
after the completion of the injection the rat was decapitated The brain was divided
medially and the distribution of radio activity was determuned 1 each half When
#Na was mjected as we believed mto the night mnternal caroud artery the radio
activity on the night side of the brain was greater than on the left ssde The biggest
differences were found 1n the temporal lobes and the least in the medulla When
travenous mjections were given much smaller amounts of radio sodium were found
1n the brain and there were no marked differences between the right and left sides
Whatever else these results mean they do indicate that mjections given by our
technique do enter the internal carotid artery and so reach the brain before general
mixing with the airculating blood
The explanation of our findings 1s a formidable task and we have always constdered
that they may be artefacts without physiol ] sig For ple 1t 15
possible that osmoreceptors 1n the bed of the internal carotd artery are not respon
swve to stmulation under the conditions of our experiments The animals had been
operated under ether anaesthesia only 4-5 hr before the experiment and this could
have altered the sensitivity of the osmoreceptors When the amimals were water
loaded it was noted, as mught be expected that the delay before the onset of water

121



mi urine per min

ml urine per min

M CINSBURG AND L M BROWN

044
034

024
0l

Figure 8
Lifect of continuous mfusion of hypertonic NaCl solution on urine flow 1 unanacsthenzed rat
{a) 18 per cent NaCl at 0 2 ml /min 1nto night internal carotid
(8) 40 U vasopresin in 0 2 ml 1 per cent dextrosefmin 1nto left external jugular vein
(¢} 40uU vasopressn in 0 2ml 1 8 per cent NaClfmmn 1nto Jeft external yugular vein
(d) 1 8 per cent NaCl at 0 2 ml /mun 1nto left external jugular vein
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Figure g

Effect of contnuous infusion of hypertome sucxose solution on ur ne flow in unanaesthetized rat
(a) 10 6 per cent sucrose at 0 17 ml fmin  nto nght internal carotd
() 31 8 per cent sucrose at 0 17 ml fmin wnto nght anternal earotd
(c) 3t 8 per cent sucrosc ato o6 m! frun  nto nght internal carot d
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(1

water loading Such observations cannot be explained by the osmoreceptor theory
and 1t has been proposed that there re ‘volume receptors which are sensitive to
changes 1n the arculatng blood volume Secretion of hy potonic urine can be induced
by procedures which increase the effective circulating blood volume, while ant1

duuretic effects are produced when the effective arculating blood volume 1s reduced,
without increasing the plasma osmotic pressure It was at first difficult to concerve
the nature of these volume receptors but 1t 1s possible that they may be the

trathoracic stretch receptors described by Henry and his colleagues (Henry, Gauer
& Reeves 1956, Henry & Pearce (1956) They point out that volume changes could
be sensed by some part of the airculatory system with greater than average distenst

bility and suggested that the low pressure parts of the mtrathoracic carculation could
play such a role Many of the procedures which, without changes 1n toncity, result
i mcreased unne flow and for which volume receptors had been postulated, lead
to engorgement of the intrathoracic vessels and conversely that procedures which
cause anudiuresis lead to reduced filling of these vessels However as I pomnted out
earlier there 15 as yet no evidence that the changes in urine secretion associated with
activation of these stretch receptors are d dent upon the diuretic hormone

P

Following the injection of hypertomic soluttons according to one theory the
ncrease in plasma osmotic pressure will tend to mcrease antidretic hormone output
whle according to another view the expansion of the extracellular fluid volume will
affect the intrathoracic receptors m such a way as to enhance dwresis In the
physiological counterpart—uwater deprivation—this paradox 1s not encountered the
plasma osmotic pressure will tend to increase without a stmultaneous expansion of
the extracellulr flnd volume
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diurests was greater than normal, ndicating that antidiuretic hormone had been
liberated during the anacsthesia and operation The antidiuretic hormone content
of the posterior pitwitaries of such operated animals was not less than normal, at the
tume of the experiment but 1t 15 possible that the hormone 1s not 1n a physical state ot
position 1n a gland which has been recently depleted to permut its discharge into the
crculation
A second possibility concerns the concomtant secretion of oxytocin Abrahams &
Pickford (1954), found that following ntracaroud njection of hypertonic NaCl m
dogs the amounts of antidiuretic hormone hberated were only about one thirtieth of
the oaytocin simultaneously released Fraser (1937, 1942) has shown that oxytocin
preparations increase the diuresis rate in water loaded rats (but not 1n dogs) and that
oxytocin (given 1n excess) can prevent the daretic resp to ad. ed vaso
pressin If) after osmotic simulation 1n rats there 1s preponderance of the oxytocic
principle n the secrction from the piturtary then 1t 1s possible that an antidiretic
responsc may be obscured
Other effects due to the injection of hypertonic solution 1n water loaded rats may
prevent the secretion of antidiuretic hormone or prevent the hormone from affecung
urme flow For example as we have shown, intravenous administration of hy pertonic
solutions interferes with antidsuretic responses but thus alone cannot account for the
failure of the intracarotid mjections to cause antidiurests However 1n expeniments
of this type elevation of osmotic pressure 1n one arterial bed and not mn others 1
entirely contrived by the experimental situation and could not occur normally It
must be shown, I think that imcreases in the osmotic pressure of renal artenal blood
do not impair antdiuretic responses to 1dentical and simultaneous increases i €aro
tid blood osmotic pressure Such conditions must come perlously close to those which
have been found by def Greco & de Wardener (1956) to result 1n the production of 2
druresis of hypotonic urine which 1s not inhibited by Pitressin Such a diuresis may be
responsible for the interference with antiduretic responses which we observed dunng
mfusion of hypertonic solutions although 1t 1s just as Likely that increases i the
tonicity of the urine and changes in GFR are mvolved
The expermments of Chambers Melville Hare & Hare (1945) m which they
showed that mtrasvenous mjections of very large amounts of NaCl in hypertontc
solution cause greater increases n urine volume in diabetes nstpidus dogs than m
normal dogs go some way to meeting these criicisms However, 1n eapeniments of
this type 1 normal antmals or human subjects there seems to be an unduly great
delay between the admimstration of hy pertonic solutions and the onset of antidiuresis
An osmotic duresis induced by the salt docs not seem to be the sole explanation since
for example 1n experiments by Kleeman Rubini, Lamdm & Epstemn (1955) the
free water clearance was not reduced tn water loaded subjects until 3o mmn after
cessation of an mtravenous mfusion of 5 per cent NaCl solutton of 1 hr duratron
Duning the last five years numerous mvestigators have shown that diuresis of a
hypotonic urine 1s not solely dependent on the dilution of electrolytes in plasma anld
may benduced even by administration of sl htly hypertonic solutions For example
Borst and hus co workers {(Blombert Gerbandy, Mollysen de Vries & Borst 1951)
found that the first effect of infusng shghtly hypertonic solutions nto ?ccumbelllt
subjects was the production of a hypotonuc urine simular to that obtamed after simple
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Feuell Dr Gumsburg has given us many possible reasons why the results he got should
differ from those of Verney and 1t 1s quite clear there are an enormous number of
factors mnvolved here, making 1t very difficult to find one s way amongst them A
few pornts did occur to me while Dr Ginsburg was talhing The first relates to the
blood distribution e ought to be quite sure that the blood was reachmng the brain
There 1s great vanation between ammals 1n this regard In the dog, for example
usually only the most anterior part of the hypothalamus recerves carotid blood and
the rest of the brain postenior to 1t 1s supphied by the vertebrals In the goat on the
other hand, as Dr Andersson and I have recently discovered, the whole of the bram
15 supplied by bloed from the carouds I believe the rat has quite a good vertebral
supply so that there mght be somethuing here that should be looked at further
although your experiments with radio active sodium did suggest that carotid blood
was reaching the hypothalamus and hence this argument 1s met I wonder whether
the dextrose may be responsible for the discrepancy It will be remembered that
Verney found that dextrose failed to release hormone when used to raise the osmonc
pressure of the blood and I behieve he did entertain the 1dea that there may actually
be an interference with the output of the hormone or 1ts release directly due 1n some
way to the dextrose or to the msulm released by it 1n addition to the deatrose beng
an neffective osmotic stmulant Could this factor affect your expenments® Those
unanaesthetized rats, I suppose must be restramned n some way 1 wonder if
emotional disturbance and relcase of adrenaline mught be intesfering at the hypo
thalamic or renal level In experiments on the dog using intracarotid mfusions of
sodium chlonde I think you could get a masking of the effect of the antidiurenic
hormone when the quantities released are very small by a direct osmotic or filtration
cffect upon the hidney Sometimes during the pertad of mfusion of hypertonic solu
tions mnto the carotid the unine flow rises during the ten minutes infusion period and
antidiuresis only appears if at all after you stop the infusion Under your expert
mental conditions these factors might be of greater importance Finally there 1s the
question of the water load In the expertments which I showed the other afternoon
when Dr Andersson and I had kept a dog hydrated for ten days we didn t actually
do that to look at the neurosecretory matenal for we are novices mn the study of
neurosecretion We really wanted to sec whether the resp to mntr: d inft

of hy pertonic solutions were the same before and after this period of hydration We
found when we gave a previously effective intracarotid ijection that there was no
response after the prolonged period of hydration

Grnsburg ‘To deal first with Dr Lloyd s pornt I think that the conditions of his ex

peniments are so much different from ours that little can be gruned by comparing
them at the present moment To turn to Dr Jewell s pomt about the distribution of
the injection 1n the brain we did find more radio sodium m the right hypothalamus
than 1n the left side when the mnjection was made mto the right mternal carotid
artery also [ think that Damel Dawes & Pritchard (Philos Trans B 237 173 1953)
have shown that in the rat the anastomotic arteries are 1bsent and thus mternal caro

tid mjections in rats have a better chance of reaching intracranial receptors than n
dogs Rats produce unne rather quichly and after oral admmstration of water 1t
15 very difficult to keep a sufficient water load i the ammal That 1s why we used
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Duscussion
Chairman G W Harris

Llgyd Wehave a few expertments on the injection of hypertonic solution 1n rats which
were done quite differently from those of Dr Ginsburg These weren ammals which
had been dehydrated for 48 hr With moderate dehydration of this degree we
found an imncrease 1n antidiuretic activity 1n the hypothalamus When the ammals
were given hypertomc saline very rapidly—so rapidly indeed that a number had
convulsions—we found a decrease 1n the antidiuretic hormone content of the neuro

hypophysis I wonder if 1t was a question of the amimals being anaesthetized or 2
question of the very rapid njection not permitting miung with the rest of the car

d or else acting as a non specific stress
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of Pitressin 1s measured by the rate of urine flow, because unless the rate of solute
output 1s known 1t 15 impossible to deduce whether a change i unne flow 1s due to a
change 1n the level of arculating antidiuretic hormone or to a change mn solute
output Usually these tests are done with the understanding that solute output re
mams unchanged If this ption 1s false then changes in urine flow cannot be
used as an indication of posterior pituitary hormone activity It 15 then necessary to
measure both the solute output and the concentration of the unne over a range of the
former which 1s the same both before and after the expenimental situation under
study

Sloper Dr Ginsburg s suggestion that hacmorrhage may provohke the hiberation of
large quantities of vasopressin 15 of great mnterest to me because 1t may explan a
cunous finding which Dr Adams and I have made in the human hypothalamus after
hypophysectomy Now 1t 15 known that in a wide variety of animals neurosecretory
matenial accumulates above the cut pitwitary stalk This accumulation 1s rarely
marked before about the fourth day after operation—Dr Stutinshy has a particularly
wide expentence 1 this field—but i the human only 32 hr after hy pophysectomy
we have found a marked accumulation of neurosecretory matenal above the cut
pitwmitary stalk Now 1n man there 13 a good deal of haemorrhage during the hypophy
sectomy and I wonder if the seventy of this haemorrhage could account for the
apparent rapidity of the mobilization of this neurosecretory material

O Connor 1 would like to refer to the earher part of Dr Ginsburg s paper—that deal
g with the effects of haemorrhage and refer to experiments on the dog Rydmn &
Verney (Quart J exp Plysiol 27 343 1938) found that bleeding about g0 ml from
the femoral artery produced inhibition of water diuresis That was 1n dogs m which
the kidneys were denervated mvolving a partial destruction of the sympathetic
nervous system Certamly the splanchmc nerves had been cut and I do not re
member whether also the lumbar sympathetic chawns were also removed Some years
ago I tried to expenment on the effect of haemorrhage on water diuresis in dogs with
sympathetic system mntact and found that bleeding up to 150 ml from the jugular
vemn had no effect on water diurests I have not gone any further than this as there
seemed to be no problem to investigate

I can also say that occlusion of both caroud arteries 1 the conscious dog does not
produce an infubition of water diuresis—rather m fact a smaif ncrease m urme
flow—s0 that 1t appears that release of antidiuretic hormone cannot be mediated
through the carotid sinus baroreceptors

Gnsburg T wonder whether withdrawal of even as much as 100 m! of blood from a
vem 1n a conscious dog would have much effect upon blood pressure

O Connor 1 don t know anything about the change of blood pressure the pulse rate
fell rather than increased

Heller When Dr Ginshurg removed relatively small volumes of venous blood one
or two millilitres in rats he couldn t show any ncrease of antidiuretic activity in the
blood He had to remove quite considerable volumes which are not comparable to
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deatrose infusions However, we did a number of experiments with water loading by
mouth which showed that the dextrose was not interfering, we used water loads
rangmng from 2-8 per cent of the body weight and the results obtamed didn’t seem
to depend on the water load The animals were not restramed 1 any way, they were
placed 1n wooden boxes with Perspex lids which do not quite cover the whole of the
box top so that there 15 a little shit at one side, the tubes connected to the various
cannulae in the ammal pass aut through this shit and the rats can turn round and
move about mside the box as they wish I was very interested to hear, however, that
1n dogs you have occasionally obtamned results rather ike ours

Prckford T thought that was a very fiscinating account and 1f you really have found
a use for vasopressin per se 1t 15 really important and mteresing Dr Jewell has already
made some of the points that I had i1 mind and a number of others as well There1s
one on which I have personal experience and that s on the question of aniesthetizing
ammals only a few hours before making observations When I was wanting to mahe
observations on water diresis under light choralose anaesthesia with the prtutary
exposed so that I could mampulate 1t, first of all I exposed the pituitary under ether
tn the morning and then [ praceeded to make the observatsons in the afternoon, but
found that unne secretion and the responses of the pituitary simply were not normal
within a few hours of administering ether, so I then started domg my preliminary
operation on the previous day leaving a good twentyfour hours for recovery 1
thinh your suggestion correct that ether anacsthesia may have something to do with
the difference between your results and those obtamed n dogs The other question
concerns these intrathoracic receptors which are probably baroreceptors We have
a small bit of evidence that they are concerned 1n antdsuresis, 1t 1s based on the
results of ijecting 5 hydroxytryptamune mnto different parts of the circulation If
you mnject 5 hydroxytry ptamine 1nto a fore imb vemn so that 1t reaches the mtra

thoracic viscera first, then 1t produces 1ts greatest antidwrenc effect

Ginsburg It 15 always possible that the recent operation and anaesthesia mterfered
with the responscs of the pituttary, but we found as you could see, that at least the
unne fow and the responses to injected Pitressin were not abnormal m the recently
operated amimals

Cole ¥ would ke to mention two pomts from my own work which may have some
imterest i connexion with Dr Ginsburg s paper I have been using rats with an
idwelling cannula m the external jugular ven and gave them constant infusions of
1sotonic Krcbs bicarbonate solution over a period of eight hours These animals
develop a very marked increase of urine flow and sodium excretion This ncreased
urine flow 15 sightly reduced by giving Pitressin intravenously i doses up to 200 mU
This to my mind, tends to suggest that a diuresis caused by an expansion of the body
fluid volume 15 not inhubited by the antidwretic hormone

The second pomt 1s that a similar infusion of twice 1sotomie hrebs solution caused a
significant mcrease of urine volume, and naturally sodium excretion Clearly there
was a marked diwresis under condttions where an ncreased output of antiduretic
hormone would be expected

¢
de Wardener T am a httle bit confused about these experiments 1n which the activsty
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nfusion can be enurely attributed to the effect of salt loading on either the solute
concentration 1 urine or on G F R

Craaatto 1 was very mnterested in Dr Ginsburg s observations We were able to show
m cats which were under the mnfluence of a continuous infuston of hypertonic sodium
chloride solution that when they were given a rather high dose of Pitressin there was
an enhancement of the diuresis which was dependent upon an ncrease mn blood
pressure

Morel \We have done some experiments mn rats i which we followed the changes
m urme flow and the changes 1n sodium output by measuring radio sodium n the
urnmne by a continuous method We injected hypertonic sodum chlonde solution
rapidly followed by a volume of distilled water to make the whole injection 1sotonic

We obsersed an antiduretic effect with an enormous increase 1n sodium concentra

tion typical of antidwretic hormone release When the sodium chloride was given as
a single 1sotonic injection there was a dwretic response without an increase in the
sodium concentration n the urine We have done the same expeniments 1n amimals
with diabetes msipidus produced by hypothalamic lesions and they did not show thus
response and we thinh that we have sumulated the neurchypophysis by the mcrease
n osmotic pressure

Ginsburg I was aware of and rather worrned by Dr Morel s (Bull bol France Belg
Suppl 39, 1955) experiments as his results seemed not to agree with our own We
repeated Dr Morel s expernments and when the experimental conditions were exactly
the same as his we got the same results That 15 1n rats anaesthetized with pento
barbitone rapid ntrasenous mjection of g 0 per cent NaCl solution folloned by
distilled water produced an antidiuretic response (Morel also found that ammonium
chlonide solutions produced greater antidiretic effects than those following injection
of NaCl solutions of the same tomcity ) However 1n unanaesthetized rats we found
that the rapid mntravenous myection of g o per cent NaCl followed by distilled water
had a diuretic effect which was not distinguishable from that obtained after a single
slow 1njection of the same amount of NaCl 1n an 1sotonic solution Also we found 1n
the unanaesthetized rats that while 1sotonic NH,Clinjected slowly increased the urine
flow myection of strongly hypertomc NH,Cl mduced a series of violent convulsions
On the other hand when we repeated these experrments 1n rats anaesthetized with
pentobarbitone the rapid intravenous injection of hypertonic NaCl was followed by
an antidiuresss In the anaesthetized rats there were some respiratory changes follow
mg the injection The animal either stopped breathing for a few seconds or the
respiration became so rapid and shallow that we could not see respiratory movements
We thought 1t would be interesting to see what happened to the blood pressure under
these conditions Firstly 1n unanaesthetized rats after rapid injection of hypertontc
NaCl solution the blood pressure rose by about 10 mm The rats were then an
aesthetized and the 1njection of hypertonic NaCl solution now caused a sharp fall in
blood pressure of about 45 mm I would suggest then that the antidwresss under
these conditions 1s indeed due to anndwretic hormone but that the hormone 1s
released as a result of the fall n blood pressure and not by osmotic stmulation
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those m Rydin & Verney’s experiments on dogs or perhaps even to those 1 Lewss s
(inn roy Coll Surg Engl 13,36 1953) cxperiments in man

Chalmers Lewis Pawan and I (Chalmers, Lewss & Pawan, § Physiol , Lond 117,218,
1952) did some experiments 1n man 1 which we put venous cuffs on the legs remov

wg from the cffective circulation about 700 ml of blood by trapping 1t 1 the legs

}\c nel»ier had any evidence of antidruretic hormone release except when the subjects
ainte

Heller That 1s the same result as that obtained by Professor Noble

Chalmers Yes In man short of famting, we did not get any releasc of antidiretic
hormone With regard to the effect of hypertonic saline infusion i man under the
condittons of the Hichey and Hare test that 1s 2 5 per cent sodium chlonde mtra
venously up to 1 total of 700 ml 1 about 40 mun , you usually get an antidwuretic
effect although this 1s opposed by a sharp nse of G F R and by the osmotic duuresis

I alker Did T understand Dr Ginsburg correctly that afier ether when you bleed out
a rat you get an increase 1n the vasopressor actvaty m the neurohypophysis?

Ginsburg That happens in pentobarbitone anaesthesia It did not change n ether

I alker Dr Martini and I have been doing some experiments and we have found 1
dogs rather lugher figures for antiduretic activity mn the prtuttary than say Dicher &
Tyler (F Plyswol , Lond 120 141 1953) These dogs happened to have been bled out
under ether and I was hoping that that might be the explanation

Garrod When Dr Cates and I were using the Hichey and Hare test we encountered
a case of primary polydipsia who showed only a mimmal antidiuretic response to the
mfusion This patient was excreting enormous quantitics of chloride at the ime and
we discovered later that she had been on a very high salt mtake It 1s possible for an
osmotic duresis to mash hiberation of antidiuretic hormone or the effect of Patressin
A few days later the patient responded quite normally to Prtressin

Sauwper 1 would just like to add something along these lines as far as the rat 1s con

cerned There the filtration rate 1s extremely labile and a very shght changen G F R

will change the sodium load to the distal tubules tremendously Have you deter

mined sodum or osmotic excretion during these dwresis? In a rat loaded with lots of
hypertonic sodium large doses of antidiuretic hormone will give you an enhance

ment of druresis and not an antiduresis

Gunsburg 1 am quute sure that one of the possibilities as I have mentioned 1s that
changes 1n tonicity of the urine or the G F R obscure antiduretic effects In our ex
periments We Were measunng unne flow at one minute intervals and the very rnpxd
changes which occurred did not permt the use of clearance techniques In any casc,
we falled to observe anudwress following intracarond mmyection of hypertome
solutions 1n ammals 1n wlich we could show that 1dentical salt loading did not
abolish the antidwretc effect of Patressin although it was modified Therefore I do
not think that our failure to get anudwreuc responscs durnng the intracarotid
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During the last half century 1t has become more and more obvious that the hypo
thalamo neurohypophysial system plays a very important role m the regulation of
water metabolism Most of the experimental work and the majonty of chinical ob
servations made have stressed its importance i the contral of the conservation of
water by the hidney but the possibility that the hypothalamus may also control
water mtake has been considered much more rarely Thus the polydipsia seen after
an terruption of the supraoptico neurohypophysial tract or after lestons n the
ventral hypothalamus has 1n most cases been shown to be secondary to a preceding
polyuria (Rachter, 1935 Fisher Magoun & Hethermngton 1938 Fisher, Ingram &
Ranson 1938)

Various theories have been formulated to explain the cause and the origmn of the
sensation of thirst The observauon that fluid deprivation causes an increased serum
osmotic pressure m the dog led Mayer 1n 1900 to suggest that thirst 15 1n some way
related to hypertonicity of the milieu interieur About twenty years later Leschke
(1918) reported that the mtravenous mjection of strongly hypertonic NaCl solutions
used as a treatment for pul y bleeding ly causes intense thirst m the
patient Arden (1934) observed that whereas mngestion of hypertome NaCl or
NaHCQ, solutions gives rise to strong thirst ngestion of the same volume of an
equally hypertomic potassium salt solution does not have this effect Similarly
Gilman (1937) found that elevation of the osmotic pressure of the blood caused by
ntravenous injections of hypertonic solutions of NaCl causes a much greater wntake
of water i the dog than an equivalent rise obtamned by the mjection of urea Since
Cannon s (1918) dry mouth theory has been more or less disproved (Montgomery
1931 Bellows & van Wagenen 1939 Steggerda 1939 Archdeacon, Presnell &
Walton 1949 and others) these and other observations have made 1t very lihely
that the mam factor responsible for the elicitation of thirst 1s a relative dehydration
that 1 a deficit of water relative to certamn extracellular electrolytes It has however
remained open to discussion as to how and where 1n the body a relative dehydration
becomes mamfest as an urge to drinh The sensation of thurst has thus been thought
either to be of general origin or to onginate from special thirst receptors localized
somewhere mn the body

Since the classical studies of Verney (1947) 1t has been generally accepted that
osmoreceptors localized i the hypothalamus control the conservation of water by
the hudney by regulating the release of anudwretic hormone from the neurohypo
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Martim In connexion with what Dr Ginsburg said about the relationships between
buffer nerves and antidwretic hormone secretion, I want to emphasize that we have
observed that i dogs after ilateral vagatomy and scction of both carotd sinus
nerves, the amount of antidretic activity in the cercbospmnal flud 1s increased
This augmentation of antidwretic hormone secretion maybe of some importance m
mamtaning the nise of blood pressure generally observed in debuffered dogs
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physis Wolf (1950), on the basis of an osmometric analysis of thirst i man has
suggested that the sensation of thirst oniginates in the same or stmilar osmoreceptors
as those which Verney had found to regulate the release of antidiuretic hormone from
the neurohypophysis Earlier than this, however, evidence had been given that the
hypothalamus was in some way involved i the regulation not only of water excretion
but also of water intake Baily & Bremer (1921) had found that lesions i the hypo
thalamus of dogs sometimes produced polydipsia an the day of operation, although
polyuna did not appear untl the next day Also a few chinical cases have been re
ported i which polydipsia did not seem to be the consequence of a preceding polyura
(Fulton & Baily 1929 kourilshy, 1950 and others) Some of Hess s (1932) expert
ments also implied that the urge to drink may ongmate from the hypothalamus
Thus Brugger (1943) reviewing these experiments in which clectrical stimulation
of the hypothalamus 1n cats had caused 1bnormal hunger noted that in some m
stances the ammals had shown a preference for mulk as contrasted to meat which
suggests that they mught lso have drunk water if 1t had been offered to them

POLYDIPSIA ELICITED BY INTRAHYPOTHALAMIC INJECTIONS
OF HYPERTONIC SALINE

That hypothalamic stmulation can cause polydipsia was ulumately shown mn the
goat (Andersson, 1952, 1953) Andersson (1951} had found that tracaratid injec
tions of hypertonic saline could cause milk ejection n the lactating goat This ob
servation led to a study of the effect of mtrahypothalamic mjections of o 1 to 0 2 ml
of 1 5 to 2 per cent NaCl solutions on water intake and 1t was found that ijections
made medially 1nto a fairly wide area i the hypothalamus often caused drnking of
large amounts of water This polydipsia was followed by a polyuria which, however,
did not commence until about two hours after the mgestion of water Later, Anders
son & McCann (19554) obtamned the same effect from njections of much smaller
amounts of hy pertomc saline (less than o o1 m! of a 2 or 3 per cent NaCl solution)
given in approximately the same region of the hypothalamus The man disadvantage
of these mnjections was that the effect could not be easily repeated The same authors
(19554, b) thercfore tried electrical stimulation using Hess s {1932 1949) techmque

POLYDIPSIA INDUCED BY ELECTRICAL STIMULATION

In general the results of electrical simulation showed that this was a convenient and
effectrve way to study hypothalamc polydipsia m the goat experimentally induced
drinking could be repeated at will and the area concerned i the response could be
more closely locahzed than in the injection experiments The arca was found to
extend from the dorsal into the ventral hypothalamus, to have 1ts anterior pole
approximately at the level of a transverse section through the antenior commussure
and to reach postersorly as far as to the tract of Vieq d Azyr (Fig 1 black and open
circles) The latency penod before the onset of drinhing was short—in many cﬂsc;
only about 5 sec —and the ammals stopped drinking a few seconds after the end ol

stimulation As a rule they drank continuously during the periods of sumulation and,
by prolonged stimulation could be mduced to drink volumes of water up to 40 per
cent of their body weght within short periods of time, an overhydration which was
scen to produce haemolysis haemoglobinuria and other signs of water intoxication
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The appearance cf a goat mmediately alter 1t had drunk 151 [ wate following electrical sumulation of
the d nling area n the hypothalamus
B shows the same goat the follow ng mormng wh n most cf the water had been elum nated
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(Plate 1) When tested during such periods of sttmulation the ansmals would accept
a weah muxture of urine and water but would refuse to drink a more concentrated
solution Also, m other ways, the character of the poly dipsia seen 1n these expenments
gave the mmpression that the stimulus did cause 1 conscious urge to dnnk Thus the
animals went to the water by themsclves esen when 1t was placed in the opposte
corner of the pen

From these observations, tahen together with the remarhable reproductbility of
the polydipsic effect the question arose whether the goats could get conditioned to
the hypothalamic stmult Andersson & Larsson (1956) therefore made attempts to
condition the polydipsic effect of electrical sumulation m the hypothalamus of the
goat In spite of up to 110 combtnations of neutral and electrical stimuls, the neutral
stimul alone never caused the ammals to drinh—they did not even show any interest
i the water offered However electrical stimulation of the dninking centre com
bined with neutral sumuli never failed to evoke drinking of water afier a very short
latency pertod

INHIBITION OF WATER DIURESIS AND MILK EJECTION
AS RESULTS OF HYPOTHALAMIC STIMULATION

In most of the experiments done by Andersson & McCann (19556) to ‘map the
locahzation of the dnnking area of the hypothalamus, the effects of sumulation on
water dwresis and on the flow of milk from cannulated teats were also measured
Stimulation 1n the antenor part of the ‘drinking arca was found to cause mhubition
of water dwresis of neurohypophysial type and gection of milk simultaneously with
polydipsia (Fig 1 black aircles) Sumulation m its posterior part did not seem (0
cause any release of hormone from the neurohypophysis (Fig 1 open crcles)
Stimulation within or in regions adjacent to the parasentricular nucler did not cause
drinking of water but did produce mnhuibition of water diuresis and ejection of nulk
(Fig 1 honzonal section 2 black crescents) Simlarly stmulation within the
supraoptic nuclel or in the vicmity of the supraoptico neurohypophystal tract,
caused as expected mhibition of water duresis (Harns 1947) and mulk gjection
(Andersson 1g51 Cross & Hams 1g51) but faed to produce polydipsia (Fig 1
honizontal section 3 black crescents) The wmhibiuon of water diuresss seen n these
expenmments lasted from 45 to 60 mm Dunng the penod of inhibitton there was a
marked rise 1n the urinary concentration of Nat h+ and Cl- and 1n speafic gravity,
the total amounts of electrolytes excreted showed less consistent changes Usually
more Na+ and Cl~ was excreted duning the peniod of inhibition, but sometimes there
was no obvious mcrease or even a small decrease Increases in the excretion of potas
sium were even less consistent There was no sigmficant change n endogenous
creatinine clearance dunng the period of inhibition

Milh ejection which was always combined with annidiuresis began one to two
munutes after the onset of shmulation but since 1t was only visually determined byr
the mncreased flow of milh from the cannulated teats no quantitative measure O
the response could be obtained from the experniments
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DISCUSSION

The expeniments described 1bove indicate that the hypothalamus plays an important
role i the regulation of water ntake, but they do not show whether the hypo
thalamic drinking area 1s really essential for the development of an urge to drink A
number of clintcal cases have been reported 1n whom mjury to the basal portion of
the brain was followed by increased plasma sodium and chlonde concentrations
“Thus finding has been interpreted by some worhers as the result of damage of either
a thust centre (Enstrom & Licbman 1953, Elliot 1955 Rothballer & Dugger,
1955} or a centre regulaung the electrolyte metabolism (Welt Seldin Nelson,
German & Peeters 1952 Cooper, 1953) Further Stevenson (1949) and Stevenson
Welt & Orloff (1950) have reported a decreased ratio of water to food intake a
decreased response to water loads and moderately elevated plasma sodium con
centrations in rats with hypothalamic obesity These findings were nterpreted as
indicating the existence of a state of hypothalamic hypodypsia  Sull more strhing
are results brefly reported by Witt Keller, Batsel & Lynch (1952), who found that
the extension of the lesions of diabetes insipidus dogs dorsally and laterally may
result 1n temporary or even permanent adipsta Their adipsic dogs ate and took tasty
fluids bike mulk and broth but refused to drink water even when they became severely
dehydrated Similar expeniments were later done by Andersson & McCann (1956)
Having determuined the localization of the drinking area in the hypothalamus of the
goat they tried to mnactivate as much as possible of the correspondmng part of the
bram 1n dogs by electrocoagulation without destroying the supraoptic neurohypo
physial connexions Such lesions caused permanent hypodipsia or adipsia lasting up
to 14 days after the operation the ammals in contrast to the absence of thirst
ate and drank milk and broth readily when offered The degree of hypodipsia seemed
to be roughly proporuonal to the extent of destruction of the same area of the hypo-
hal which on lation evoles dninking in the goat However no correlation
was found m these experiments between the adipsia and the eventual presence of
diabetes msipidus
Thus strong evidence 1s now available that an essential thirst centre 1s located m
the hypothalamus since stumulation within a well defined hypothalamic region pro
duces dunking whereas destructive lesions 1n the same region result n a marhed
decrease in water intake
The thirst receptors seem to be localized 1n the portion of the hypothalamus out
lined by the response to electrical sumulation but the physiological sumulus has not
been determined The osmotic stimuli discussed on p 132 may have activated thirst
receptors in the hypothalamus but 1t cannot be ruled out that the polydipsia seen
after intrahypothalamic imjections of hypertonic sahine was due to a non specific
effect Further 1t 15 not clear from our results whether the regulation of water intake
and that of water excretion mnvolves distnct groups of receptors If all the presumed
osmoreceptors 1n the hypothalamus have a dual function m the regulation of both
water intake and output one would expect that their stmulation would induce both
drnking and a release of antidiuretic hormone from the neurohypophysis Both drink
ing and mhibition of water diuresis were mndeed found after stimulation of the rostral
portion of the drinking area Thus 1f the osmoreceptors have a dual function they
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Pobydipsia, antidwuresis and mulk efection caused by bypothalamic stimulation

Electrical sumulation of the paraventricular nuclet or adjacent sites caused inhibition
of water diuresis and milk ejection, but no drinking of water
‘The significance of these results 1s discussed
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would be expected to hie n that region In thus case the ciudal portion of the ‘dnnk
ing area’ from which antidiuresis could not be clicited nught represeat fibres passiog
from the receptors to hugher centres or may contain ‘thurst receptors' of another hind
A second explmation would be that there are two groups of osmoreceptors m the
hypothalimus, 1 ¢ one group concerned with the consenvation of water by the hidneys
and the other with water inthe The two groups would then be localized m two areas
which overlap i the region where both dninking nd inhibition of water duresss can
be evohed by stunulation Tiurdly since sumulations 1n or adjacent to, the para
ventrecular nucles caused inhibition of water diuresss, the mhibition of water diuresss,
which was obtamed 1n the region where drinking could also be induced may have
been due to stimulation of fibres running from the paraventricular to the suprd
optic nucler andfor to the neurohypophysis The results presented do not allow a
dectsion between these and other explanauons

The fact that anudwresis could be obtamed when stmuls were applied within the
parnentricular nucle or in their viesmty, 15 at vanance with Harris s (1947) findings
1 the rabbit that such sumuli do not cause inhibition of water diuresis

Mtk egection was always seen combined with mhibition of water dwresis This 18
consistent with the hypothesis (Abel & Nagiyama 1920) that only one hormone 15
released from the neurohypophysis or that both antidiuretic and oxytocic hormones
are released together The observation (Andersson, 1951) that intracarotid myections
of hypertonic saline can cause milk ejection 1n the goat and the more thorough
studies of Abrihams & Pickford (1954) showing that a vanety of stimuli (such a8
emotion ntracarotid or mtravenous myection of hypertonic saline solutions or of
acetylcholine} inhubit water diuresis by liberation of antidiuretic hormone and also
cause tncreased uterine activity in the dog may also be interpreted as supporting the
unitary hypothesis However although mulk ejection could easily be demonstrated by
observing ik flow m the goat no conclusions could be drawn as to the amount of
oxytocte wctivity responsible for this effect

Milk ejection caused by electrical sumulation 1n the paraventricular region, has
also been desenbed by Cross {1655) m the rabbit but only afier adrennlectomy
Cross (1953) showed 1n the same species that ndrenaline bloched the response of the
mammary gland to oxytocin by a penipheral action He found that sumulation near
the paraventricular nucler also actvates the sympathetico adrenal syvstem, and that
this 1n turn 1nhbits the response of the mammary gland to oxytocin It may be that
stmulation of the paraventricular nuclel 1n the larger bramn of the goat does not
actnate the sympathetco adrenal system sufficiently to cause peripheral bloching
of the mammary response

SUMMARY
Injections of hypertonic sodm chlonide solutions mto and electrical stumulation
within a fairly wide region of the hypothalamus, were found to mfiucc polydipsia
in the goat Electrical sumulation of the antenor portion of this ‘dninking arc]:;
caused mhibition of water duresis of the necurchypophystal type and also m
¢jection simultaneously with the drinhing of water Antidwresis and milk CJ?C!I(&"
were not observed when the posterior part of the dnnking area was stmu ater
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Electrical suimulation of the paraventricular nucler or adyacent sites caused intubition
of water diuresis and nulk ejection, but no drinking of water
The sigmificance of these results 1s discussed
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Dauscussion
Chatrman G W Harns

Follyy Dr Andersson spoke of adipsia and referred to dogs which would not dnnk
water He also said that these dogs drank milk and simce mulk contains some 87 per
cent water 151t correct to speak of these animals as being adipsic? I should also hke
to ash Dr Andersson 1f he used the horns of the goats to support hs electrodes

Andersson It 1s not necessary to use goats with horns We find, however, that the
horns protect the electrodes
The dogs referred to by Dr Folley were hyperphagic that 1s they ate ravenously
and we interpreted the mtake of milk as eating rather than drinkimng We reduced
some dogs to a severestate of dehydration but they would sull not take water although
they would take mulk
ly-
G I Could Dr Andersson relate the region he sumulated to produce poly
g:ars':;'wnh that reported by the Yale group (Delgardo & Anand dmer J Plysiol
17}; 162, 1953) which resulted 1n change of feeding habits 1f I remember correctly
(hc; sun')\ulalcd 2 hittle more laterally
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Andersson Yes, a hittle more laterally and more postertorly It 15 possible to see the
combination of both effects 1n that there are points which give simultaneous drinling
and eating responses However, drinking and eating responses can be obtamned 1n
dividually at other points, showing that the areas concerned are at least partly
separated

Sawper 1 want to report an nteresting phenomenon noticed ongmally 1n my labor
atory some years ago by Gordon Gilbert who has since pursued this work i the
Department of Anatomy at New York University He found that centrally located
lesions 1n the region of the posterior commussure 1n the rat that 1s i an area quite
distinct from that described by Andersson mn the goat, cause complete adipsia

Lestons which overlapped the sub commussural organ, whatever that may be cause
the rats to cease dninhing water and, if allowed, to dehydrate themselves to death

They would, however take milk if offered and this could provide the necessary fluid

On withdrawal of the milk, however, they would agam refuse water

Harris, G 1Y This 18 a most 1nteresting observation I believe the sub commussural
organ has a neurosecretory function Perhaps Professor Bargmann would comment on
this

Bargmann There 1s a considerable amount of Gomorn positive substance n this area
but 1t 15 not necessanly the same as that found in the neurohypophysis I have no
information whether 1ts secretion or release 15 evoked by vanous stimuls

Cross T should like to record my adnuration of the excellent simulation expeniments
of Dr Andersson He has extended the use of the Hess techmque to unanaesthetized
sheep and goats and has obtained new information about special aspects of ruminant
phystology, n addition to contributing to our hnowledge of the physiology of the
neurchypophysts

With regard to the induction of drinking by hypothalamic stimulation I would hike
to ask Dr Andersson 1if he feels confident that the goats really feel thursty or whether
the response might result from activation of motor mechamsms In his film 1t ap
peared that the latency of the drinking response grew less with repetition of the sumull
until 1t became so short as to make 1t seem unlikely that the animal had time to ex
perience thurst subjectively before starting to drink again

Dr Andersson s experiments appear to be the first demonstration that shimulation
of the paraventricular nucler may cause release of antidiuretic hormone It seems
clear moreover from his results that such stimulation also releases oaytocin as shown
by milk ejection Some of my own experiments agree with the latter finding Explor
atory stumulation of the hypothalamus 1n a series of rabbats has so far yielded twelve
anumals 1n which histological reconstruction of the sttmulation points indrcates that
localized stumulation of the paraventricular nucleus induces release of oxytocn as
shown by either jection of milk or by the contractile response of the oestrogenized
uterus in sufu

It might throw some light on the problem of what 15 released from the neuro
hypophysis and on the role of the paraventricular and supraoptic nucler mn deter
munmng this 1f simultaneous recordings were made of antidiuretic and milk gjection
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(or uterine) responses following locabized stimulation of these nucle, and the effects
compared with injections of vasopressin and oxytoan

Indersson 1t 15 of course impossible with certainty, to mterpret whether the goats
expenence a sensation of thirst However, we think 1t likely since 1 most cases they
rcuvely search for water

There 15 a ficilitation of response on repetition secn as a decrease  the latency
penod It has been suggested to us thit this may be a conditioned reflex by which the
animal le1rns to respond to the Light signal comeident with switching on the electrical
sumulus We have invesuigated this experimentally ind h1ve found that the amimals
do not become conditioned sn this way

Daly There s wsuffictent tme T take 1t for the mouth o be dry

{ndersson That 1s so and one can prolong the drinking even though the mouth 1
bemng bathed with water

Dale There 15 no effect on the salivary secretion?
Indersson 1 do not think that could show so quickly
Dale Ne

de 1t ardener Tt nught be possible to nvestignte the difference between milh and water
by 1pplying cocaine to the tongue and nose

Jewell It seems likely that these dogs were attracted to mulk as a food 3nd not as 2
drink since the dogs which Dr Andersson and I overhydrated would show 2
distuact aversion to water but would accept milk

Garrod Dr Andersson s elegant experiments hate shown that polydipsia can be
obtumed by stmulating the 1pproprate hy potbalamic centres Is there any evidence
that swmiar effects may result from lestons 1o the hypothalamus 1n goats or any other
species This 1s an mmportant problem n climeal medicine hounlshy (Ret neurol

745 264, 1942) has described a case of primary polydipsia in which there was a hypo

thalarmc Iesion without a comcident neurohypophysial defect

Andersson T think this was an almost 1solated observation of a chromc condition It
wAs a ¢yst pressing on the hypothalamus otherwise there are only a few observations
of an acute nature

Noble Dr Andersson s experiments evidently show that m some circumstances one
can lead an amimal to water and make him drink! Do you have any mformation as
to whether the antenor pituntary 15 essential for the maintenance of drinking follow
ing sumulation as seen mn the goats 1 your film?> Has the hypophysectomized goat
been studied?

Cowre 1 have hypophysectomized a few goats and the ammal attendnnts have rsc
por:ed a great mcrease i water consumption for a few days after the operation So
{1r, however, no measurements of water intake have been made
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Conditions under which posterior prturtary
hormones ncrease sodium and potassium
excretion by the kidney

by

F P BROOAS and M PICKFORD
Department of Physiology Unuersity of Edinburgh

A “UMBER of workers have noticed that whatever the sumulus they apphed to the
posterior pituntary the gland hiberated simultancously both the oxytocic and vaso
pressor factors (Harris 1955) The methods of sumulation and the species of ammal
used have vaned, so have the proportional amounts of the two substances but
every instance more oxytocin than vasopressin appears to be released Oxytocin 1s of
further mnterest 1n that it has been assigned a role only in one sex 11 mammals 1 role
which may never be played or at best only intermittently A number of attempts
have been made to determine whether oxytocin has a more general actnaty than that
on the uterus and mammae for instance 1n the control of hidney function In ther
mvestigations most workers have used oxytocin n doses comparable with the anti
duwretc dose of vasopressin and have obtained negative results However Dicher &
Heller (1946) reported that when given subcutaneously to rats in doses of 3 mU /100
g of rat glomerular filtration rate {(GFR) and renal plasma flow (RPF) were mn
creased and Gl reabsorption diminished Taking recent worh 1nto account it seemed
destrable to re examine the effect of vasopressin and oxytocin on the hidney using
larger doses of oxytocin than previously and also sice the two factors are always
liberated together to test whether when given simultaneously they show mutual
enhancement or nterference The observations to be described then had as therr
object a fresh study of the effect of vasopressin and oxytocin on the volume of urine
excreted on 1ts Na and K content and on the clearance rates of diodone and creat1
mmne and also the discovery 1f possible of the natural conditions 1n which the two
substances are released to produce any effect noted

METHODS

The observations were made on consclous dogs both during water diuresis and at
resting rates of urine flow Vasopressin and oxytocin were grven erther as single in
travenous mjections or as mntravenous infusions at a rate of 6-7 ml solutionjhr A
number of experiments were done using Pitocin and Pitressin {Parke Davis and Co )
and a number using highly purified vasopressin (both the arginne and lysinevaneties,
though almost entirely the former) and highly purified oxaytocin The punified sub’
stances were generously suppled by Dr du Vigneaud The doses of oxytocin used
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were chosen on the basis of nformation obtained by Abrahams & Pickford (1954)
who found that the ntracarotid injection mto a 12 Lg dog of a small volume of
hypertonic NaCl solution induced antidiuresis equivalent to that followng the n

travenous njection of 3 mU Pitressin and, at the same time, an increase i spon

taneous uterine activity equivalent to that following the myection of 8o-100 mU

Pitocin, 1 ¢, apparently 25-30 times as much oxytocm as vasopressin was released as
a result of 1n ormotic stimulus In the following experiments, then, vasopressin was
used mn antidwretic doses, namely for a single ntravenous mjection 02 t0 0 4
mU /hg body weight, and for mfusion at the rate of o 01~0 02 mU Jhg /min

oxytocin was grven 1n doses of 2 5 to 15 mU jhg body weight for single injections or
miused mtravenously at the rite ofo 1 to 0 2 mU /hg /mn Clearances of creatimine
and diodone were measured by the method of Pickford & Rutchie (1945) or by the
techmique of a priming njection followed by a mamtaming mfusion Agam the
volume nfused was at the ratc of 6 to 7 ml /hr Na and k analyses were made by
means of an EEL flame photometer The dead space of the unne collecting system
was reduced as much as possible and 1n a number of instances the external part of the
uretheral catheter was emptied at the end of each urine collection period by blowmng
awr through it from a T piece wnserted at the site of emergence of the catheter from
the vagina As far as possible, 1n all graphs correction has been made for dead space
of the urinary system

RESULTS
The earhiest experiments compared the effects of single wmnjections of Pitocn and
Pitressin On some occastons 1t was found that Pitocin greatly increased Na eacretion
during water diresis whereas Pitressin did not have thus effect (Fig 1), (Brooks &
Pickford, 1956) When the punified oxytocin became available 1t was scen that this
substance never mncreased Na cxcretion during water diuresis (Fig 2) It became
necessary, then to determme whether synergism between Prtocin and ats vasopressor
contaminant was responsible for the positive effect seen or whether either Pitoan
or Puressin contamned some other active fictor Both preparations therefore were
tested after treatment wath thioglycollic acid, NaOH ascorbic aad and trypsin All
these agents destroyed any actmaty previously present and did not unmask one
hitherto concealed Thus the enhanced excretion of Na sometimes seen during water
duurests after an mtravenous mnjection of Pitocin was difficult to explan unless some
samples of Pitocin contamn a greater than usual amount of vasopressin and there 1s 2
synergism of the two active substances
A careful study of the effect of single injections of vasopressin and oxytocin (Fig 2)
on Na excretion during water diurests suggests that although these substances do not
strihingly mcrease the excretion of Na or K they do prevent the steady fallin output/
min which 1s the rule mn simple water diuresis (Fig 5) On the other hand when oxy
tocin 15 njected at resting rates of urine excretion 1t has a marhed effect on Na ex
cretion and a defimte one on K excretion (Fig 3) In ssmilar aircumstances vaso
pressin only shghtly mcreased the rate of N1 excretion but did 1n the mstance shown
i the graph clearly increase the excretion of . The positive action on K excretion
was not always secen The difference n the cffects of oxytocn and vasopressin does
not depend on the dose given As others have shown, small doscs of oxytotin have
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Postersor pitwitary hormones and renal N and K exereton
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“The eff ct of Putocin and of Puocin phus - opre.sta oa clearances of d odane and creats

mine at a low rate of urine flow 4 \Thisbe 15kg) Ploom mfused nwavenousty

dunng 1 ¢ indicated at rate of MU Amin Retated clearance values abo < wl [min

B {Jes 1kg) 75mU Piovin plu 2 mU vasopreain wnject d intea enously at ¥
Related ciearance values abore n wl fmis

no discoverable action on renal activity 40 or 20 mU vasopressin only transitanily
re for one or at most two unme samples increased the excretion of both Na and K
This action of vasopress could not be diff d from the diate effect of
strongly antidwiretic doses of adrenahine or 5 hydroxytryptamine There 15 then, a
clear difference between the action of single myections of vasopressin or oxytoain cn
Na excretion, and between the effects of oxytocin at fast and slow rates of unne

ow However when VasOpresstn was nfused dunng water dwiresis the results
arffered from those of a single injection As can be seen i Fig 4 1t dud then cleasly
inerea e the excretion of both Na and k. These results are i agreement wath those of
Anslow and Wesson (1955) It scems that vasopressin needs more time to produce
1s effect on Na than does oxytocin

The next step was to see whether oxytocin and vasopre sin given simultaneously
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F P BROOARS AND M PICRFORD

had an action different from that of cither given alone The cffect of the two given
together 1 a single mjection during water druresis varted, at umes the increased
clectrolyte excretion was mmnnmal, but the normal {all in rate of excretion was pre
vented (g 5), at other times there was an mcrease i rate of excretion of Naand h
never scen during diurcsis followng the injection of cither oaytocn or vasopressin
alone (F1ig 6) Atalow rate of urme flow the two factors injected together mamntamed
a tugh level of Na eacretion not seen i therr abscnce nor following vasopressin
alone (Fig 7) but not as great 1s that follow g oxytocin alone

Measurements of the clearances of diodone and creatinine brought out another
difference between the actions of oaytocin and vasopressin and also showed the
exstence of an 1ntagonism  Previous worhers hiuve found that the vasopressor
fraction of posterior pituitary extracts given m antidiretic doscs does not alter either
RPF or GFR (Maxwell & Breed, quoted by Smuth 1951 Secllwood & Verney,
1955) InFigs 84 1nd ga1s shown the invanable effect of oxytocin on renal clearances
1 dogs regardless of whether 1t was mjected during water diuresis or at low rates of
urine flow The clerrance of creatinine was unaffected whilst that of diodone wasn
creased by 75-100 per cent  whether the oxytocn was given as a sigle mtrayenous
mjection or as an infusion At fairly high rates of urine flow the errors mn clearance
calculation due to renal dead space are small compared with those during low rates
of unine flow Nevertheless the magmitude of the increase mn diodone clearance 15
such that 1t cannot be discounted by any possible error due to dead space Further
the mcrease begins too early to be easily explaned by a process of cell storage of
diodone In the example given and 1n other mstances too there was always about the
same proportionate mcrease m diodone clearance Here then was a second differ
ence between the effects of oxytocin and vasopressin on the hidney The antagonsm
between them was seen when the two substances were mjected stmultaneously
Durning water diresis 2 mU vasopressin entirely suppressed the increased diodone
clearance which would be expected to follow the mtravenous mjection of 25 mU
oxytocin alone (Nig 85) Fig gb shows that at a low rate of urine flow 2 mU vaso
pressin cancelled the expected action of 75 mU Prtocin on diodone clearance It
follows from this then, that the observed fact that during antidiuresis of pitustary
origim the clearances remain normal does not controvert the possibility that oxytocin
15 at the same time released in amounts equivalent to 75-100 mU This means that
the Iiberation of such large amounts of oxytocin may well be a fact and not mercly
apparent

This analytic aspect of the problem obviously sull needs more work, but 1t was of
mterest to pass to the next stage and see if sumuli presumed to actnate the posterior
prtwtary induced unnary effects which could be eaplamed by the information so far
obtamed The stimulus chosen was an osmotic one viz the mnjection of hypertonic
sucrose solution in the 0 89 M ration used fully by Verney (1947) The
intravenous route of ad ration was used b until the present time no dog
with a carotid loop has been avarlable The intravenous route 1s not wholly satis
factory since to nduce antidiuresis moderately large volumes of sucrose solution hal\c
to be imyected and may well have some peripheral action in addition to that on the
The observations must be repeated using small volumes of sucrose
d 1nto the carotid artery Figure 10 shows the effect of mnjecting

hypothalamus
solution mjecte:
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The eff et of o B9  sucrose solution on urine flow and \a and K excretion

1n a dog with diabetes ins pidus {Meg 20kg) 20 ml sucrose solution

wnjected intravenously at 3 The amount of k. excreted was constant
and oo small to be worth recording

hypertonic sucrose solution during the course of a water diuresss There was a passing
Increase in Na and K excretion following the injection Figure 10 also shows that C1
excretion was unaffected Figure 11 shows an example of what occurred at low rates
of unne flow Not 1n all instances was the icreased excretion of Na and k as marked
as 1n this particular case, but 1t was always defimte The events following the in
travenous 1njection of hypertonic sucrose solution then are not unlike those which
stﬂy:c)sccn following the simultaneous njection of oxytocn and vasopressin (Figs

and ¥

There 15 yet another indication that one or both posterior lobe hormones arc 1m
Portant 1n the excretion of Na In a dog with diabetes msipidus following section of
the supraoptico hypophysial tracts the injection of Pitocin at high or low rates of
urmne flow induced normal effects thus during water diuresis no mcrease m Na
excretion followed the injection (F1g 12) but at resting rate of urme flow both Na
and K excretion increased {Fig 13) However themntravenousinjection of hypertomc
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Posterior prtuttary hormones and renal Na and & excretion

when the rate of urme flow was low had effects on Na and K excretion not unlike
those due to the admnistration of mixtures of oxytoan and vasopressin

7 A dog with dinbetes 1nstpidus responded normally to mtravenous injections of
oxytoem, but showed no mcrease m Na excretion following intravenously admim-
wstered o 89 M sucrose solution, either at hugh or low rates of unine flow

We wish to express our deep gratitude to Dr du Vigneaud for gifts of highly
purified oxytocm and vasopressin
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Dascussion
Chairman G W Harns

Sawyer I think 1t 1s an extraordinarily 1nteresting suggestion that oxytocin may have
7 physiological role m the regulation of renal function Demunbrun ef o/ (Demun
brun heller Levhoff & Purser Amer J Physwl 179 429 1954) reported that large
doses of oxytocin restored depressed renal functions n dogs with surgtcally induced
diabetes msipydus They hasve not reported however on the use of synthetic oxytocin
Ths 15 tmportant f we are to rule out the possibility that the effects they observed
were due to contamination with anterior lobe substances since their dogs showed
some evidence of mild adenohypophysial msufficiency

Your hypertomc sucrose mjections gave mereased sodium excretion at low urme
flow Areyou sure tlus 15 not the result of an osmotic diuresis? It would be interesting
tosec1f the equivalent experiment could be done with equi osmotic concentrations of

ﬁrea to promote osmotic diuresss without stmulatmg liberation of antidruretic
ormone
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sucrose solution, which, had the dog been normal would have wncreased Na
excretion was wholly without thus effect (g 14)

The above results do not give an answer to the question whether the action of
oxytocmn 1 the hidney 15 1 physiological one Also, these obsers wions tell us lttle of
the mode of action of the hormones on N1 excretion, nor why K 1s sometumes defin
1tely affected 1n the same sense as Na and 1t other times not at all or m an opposite
direction But the obsers 1tions on clearances do give one piece of positne forma
tion that an increase in Na cxcretion follow ing oxytocin administration 1s not directly
related to a change m plisma flow as measured by diodone clearance The negatiie
response to hypertonic sucrose solution of the dog with diabetes msipidus adds to the
evidence that posterior lobe hormones must play some part mn control of electrolyte
excretion There 15 no evidence that oxytocin 1s ever Iiberated almost alone
amounts suflicient to increase Na excretion on the contrary, such e 1dence as has
been obtamned 1 these experiments suggests that the hormones act 1 concert,
oxytocin being perhaps the more rapidly acting as far as Na excretion 1s concerned,
and vasopressin far the more powerful for water retention If oaytoan and vaso
pressin combine together to nid the body of Na and at the same time retan water,
this activity would be useful at certaun stages of dehydration

Unul more 1s known about the proportional amounts of oxytocin and vasopressit
released by a single species 1n response to different types of samuli further discussion
can be no more than speculauon

SUMMARY

1 Observitions were mide on dogs of the effect of the oaytocic and \asopressor
factors of the posterior pituitary on the rate of urine flow on the excretion of sodium
and potassium and on renal clearances of diodone and creattmne both durnng water
drurests and at low rates of urine flow Vasopressin was used 1 antidiuretic doses an!
oxytocin 1n concentrations 20 to 30 times greater

2 Highly punfied oxytocin given as a single mtrayenous injection or as an tntra
venous nfusion during water diuresis had lttle or no effect on the excreuon of Na
or K Ifadministered when the rate of urine flow was low oxy tocin greatly increased
Na encretion 1nd sometimes also that of k

3 Highly punfied vasopressin given as 1 single intray enous 1njection during water
diuresis or when the rate of urine flow was low did not strikingly merease the €x
cretion rate of Na Occasionally the excretion rate of K was increased Given 1s an
ntravenous mfusion during water diurests vasopressin mcreased the cxcretion rate
of both Na and k !

4 If the purified substances were mjected together dunng duresis or when the
rate of unine flow was low the result was a sustaned and moderate or sometimes &
marhed, Increase 1n excretion rates of both Na and k

5 Measurements of diodone and creatinmne clearances showed that at hlgl; or
low rates of urmne flow the administration of oxytocin was followed by a period when
the diodone clearance mncreased by 75-100 per cent though creatinine clcaran?c
was unaffected When oxytocn and vasopressin were admimistered sumultancously
as no subsequent change m either diodone or creatinine clearance

TE Wi
tth The ntravenous mjecton of o 8g M sucrose solution during water diurests or
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Fu.patnck There s just a possibibity that this discrepincy may be even larger 1n that
your observations do not take mto 1ccount the possible antagomsm between vaso
pressin 1nd oxytocn on myometrial response I ke observed that a prehminary
dose of \asopressin inhibats the response of the uterus to a subsequent dose of oxytocn
m the bovine and in man Other wuthors have reported stmilar findings (Wernstein &
Triedman, {mer J Obstet Cynec 29, 93 1935)

Hams G 1V There are some observations which show that vasopressin inhibats the
response of the rabbit s uterus to administrauon of oxytocin (Harns 7 Plysiwol 107,
436, 1948 and Neural Control of the Petutary Gland London, Edward Arnold) I believe
the evidence mdicates that tlus ts an action on the blood vessels of the uterus rather
than direetly on the muscle cells

Dale There 1s a pomt of general physiological importance here How far are we to
interpret the intra arterial injection of small doses of marhedly hypertonic saline as
grvng a physiological stimulus? If they do we must conclude that the effect 15 not
to produce as nught teleologically be enpected a preferential liberatton of ant

diaretic hormone but to produce, at the same time 20 or 30 times as much of the
oxytocic hormone

Pukford T do not think one can call an mira artenal mnjection of sodium chloride
physiological On the other hand this work raises the possibality that oxytocn itself
has a physiological action on the hidney

Dale You cannot however be sure, I think that you are really reproducing the
normal more gradual effect of a mild dehydration, such as we may get betw een meals
or between drinks

Pukford If oxytocin does facilitate sodium excretion 1t could 1n muld dehydration
tend to delay the onset of thrst

Heller In diabetes msipidus there are, so far as I know no very pronounced changes in
the electrolyte metabolism In adrenal sufficiency on the other hand the disturb
ances are profound If the neurohypophysial hormones are of physiological 1m
portance one would expect some alterations in diabetes msipidus

Putford One possibility 15 that oxytocin 1s concerned with rapid changes and not
slow changes

Dale So far as evidence goes the anudiuretic effect that 1s to say the production of
urne in the normal volume and concentration 1s the one function aitributable to
the neurchypophysis which 1s regularly m action and necessanily physiological

Without st we become mstmd diabetics ¥ the effect of arterral hypertonic mjections
1s really o proper representation of what 1s happening physiologically we have to
accept I suppose, the fact that the neurohypophyss 1s putting out 20 to 30 times as
much oxytocn as vasopressin And since by defimtion the balance m umts betw een
ytoen and vasopressin in the gland remaimns something ike 1 1 that must mean

that the manufacture of oayton 1s going on 20 to 30 times as rapidly as that of

vasapressin That would be an extraordinary and a profoundly important physio
logical conclusion
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Puhford T thank the results 1n the diabetic dog with a normal functioning kidney,
showmng that 1t did not respond to sucrose answered the last pomnt of Dr Sawyer

Sawper What was the urine flow rate?

Prckford Not hugher than 1 5 ml /mun T think it was about 1 6 ml per mm Thees
pe 1ments of Keller e al are very interesting but they did use big doses and they did
perform 1 terribly mutiliting operation to produce diabetes and I don t see how they
could 1void imparing antertor lobe function Lhey admut that there were changes
n the reproductive system 1nd that the dogs were blinded Both these things suggest
disturbance of anterior lobe function

de 1t ardener Is there an cifect of oxytocin on cardiac output?

Pukford T know of no evidence of this T have scen no change in blood pressure after
the intravenous mjection of Prtocin 1 large doses mto anaesthetized ammals Ths,
of course, grves no mformation on cardiac output

Chalmers 1 would like to report two observations on patients with diabetes nsipidus
m which we found that the resting clearances of mnuhn nd p anunolippurate were
not far below normal One patient a man aged 50, had an mulin clearance of go
ml/min and a p aminolippurate clearance of 450 m the other a boy of 20, the
clearances were 115 and 455 respectisely We infused Prtocin at the rate of 1 m

per mun for an hour—we perhaps should have used higher doses 1n view of Dr Pick
ford s observations—and 1 the case with the higher mitial clearances there was no
change whatever during or after the infusion In the other case durng the nfusion
there was at first no change but later this patient showed a febrile reaction 1n which
the PAH clearance rose from 450 to 1 300 without change 1n the inulin clearance

Croxatty We made observations on rats using a special preparation of Pitocm (pre

pared by Parke Davis and Co ) which contained only a small amount of vasopressi
(less than 3 per cent ) In both normally hydrated rats and n hyper hydrated rats
it elicated a diuretic response with a striking increase i sodrum excretion In another
series of expertments oaytocin was injected after having been exposed to the action
of various proteolytic enzymes The diuretic and natriuretic effects, as well as the
uterotonic effect were destroyed by chymotry psin but not by trypsin The doses of
oxytocin given were 25 mU and 50 mU per rat

Pickford 1 think 1t important to mterpret changes in sodium excretion after oxytoct

n terms of what we believe to be physiological doses

Garrod ‘Wath regard to the striking difference in the amounts of vasopressin and oxy

toctn which Dr Pickford said were released I would ask her on what evidence this

was based

Puchford That was based on the simultaneous observation of spontaneous utering

actwvity and unine flow during water diurests mn the same ammal, after the intra
otid myection of 1 2t0 1 4 ml of hypertonic saline Matching the responscs with

Zi;mcm and vasopressin (Pitocn and Putressin} required about 8o mU Pitocin and

3 mU Pitressin
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11 scems to be 1 well established fact that in the mammahan hidney the antdwretic
hormone acts cluefly by mcreasing the rite of water reabsorption so that the osmotic
pressure of the unme 1 rassed abos e that of the plasma With appropriate doses of the
hormone full antidwrests 1s obtuned 1 most species without sigmificantly altering
filtration rate Some modifications of solute reabsorption may ensue but the creased
urine concentration 1s due in the first place to the greatly dimmished urine volume

Oddly enough 1n the 1bsence of antidwrettc hormone the kidney 1s not produzing
what would seem to be the easiest thing to produce An sotomc urme m & normal
Jadney 1 the result of 1 moderate antdruretic action With no antidruretic hormone
curculating 1 the body as in water diuresis urinary osmotc pressure ts reduced well
below ssotonsaty If therefore we want to approach the antidwretic mechanism for
mstanee by mucropuncture studies we ought Lo start at the bottom of the problem
imvestigating the conditions of water diurests first

Unfortunately 1t 15 rather difficult to produce 2 good water dwresis i an an

b 1 and lap d animal The chotce of the anaestheuc 15 one of the
important factors Aleohol 15 one very good anaesthetic which i the rat does not
mterfere with water dwresis However 1t 1s not sutted {or the purpose for another
reason it very apprectably depresses the freezing pomt yet on biological membranes
1t does not scem to exert an osmotc actvity So any fud contamng alcohol may be
biologically hypotonic whereas the physical determination seems to reveal hyper
tomscsty Finally I got acceptable results with mirivenous iyections of Inactm which
15 a thuobarbiurate manufactured by Promoata (Hamburg)

Even with a perfect apaesthetic the kaparatomy and the preparation of the kadney
for mcropuncture are vers hhely to wtesfere with water dwiresis This dfficulty has
finally been overcome by applymg the following teckmque (Wirz 1955 1956) The
kudney of male rats 1s approached by a lumbar mcision The adipose tissue 1s care
fully removed from its dorsal face For the sucropuncture the argan 1s supported
by a httle cup whach by means of a stalk 1s firmly attached to the heated amumal
board The advantage of tis method 1 that 1t ase1ds any handling of abdommal
organs and that it affords an efficient smmobilization of the Lidpey by simple
means With this mothod osmotie U/P ratios of as hittle as 0 2 may be obtamed

The procedure otherwise 15 yery sumilar to that deserbed by Walker & Olner
{1g41) except thatn the present nsesigation the Letz Ultropak MICFOSCOPE nas
used nstead of an ordwary binocular instrument Osmotic pressures of tubular
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Puckford Thats so, but 1s yet we do not know whether these effects are physiological
or merely pharmacological

de [Wardener When you s1y 20 to 30 times as much you refer to activaty but s that any
indicition of the 1mount mn nulbgrammes®

Dale That must mean almost the same thing, because, according to Professor van

Dyhke, pure oxytocin contuns about 500 mU /mg nd pure vasopressin about 60
mU /mg

de Wardener There 1s a further point The concentration of the urine 1s greater after
dehydration than after the admimistration of vasopressin I wonder 1f this difference
1s due to oxytocin

Puckford One of the things we ntend to do 15 to dehydrate ourselves and then try the
effect of vasopressin, and then of vasopressin plus oxytocin, and see whether we can
increase our urine concentrations up to the levels we get i dehydration Also Vogt
(Brit J Pharmacol 8, 193, 1953) has shown there 1s very little oxytocin 1n the hypo
thalamus of the dog and 1t all appears on the way down to the posterior lobe Ve
thought of removing the posterior lobe and trymng to nid the dog of all oxytoct
and sull have some vasopressin about

Cole 1 wonder 1if anyone has a measure of the rate at which admnistered oxytocit
disappears from the circulation Heller and his co workers (Heller & Urban, J
Physiol 85,502 1935 Ginsburg & Heller F Lndocr g, 283, 1953) have shown that
myjected vasopressin 1s removed very rapidly and if the rate of removal ol oxytocid
1s considerably slower 1t might help to 1ccount for the apparent lugh ratio ofoxytocin/
vasopressin i cases where the liberation of these hormones from the pituntary 18
mhibited

Heller That 1s an aspect in which we arc nterested but which we have not yet been
able to mvestigate since the methods of esumating oxytocin 1n blood have not b“g
adequate Bisset and Walker have recently improved the situation mn this respect an
they can perhaps help us

Walker By our method (J Plystol 126, 588 1954) 1t 15 possible to measure oxytoct
when added to blood and also we believe the level of endogenous ox)ytocim, but
we have not yet tried esttmating oxytocin n blood after administration of the com
mercial extract to the ntact animal

Bernstein Has Dr Pichford considered whether any of her results could be cxpl;unc(:.
as dwrnal? Further has Dr Pichford any observations concerning the effect o
'y

vanations in sodium mntahe?
Pickford Diurnal varation 1s eliminated since all procedures were done at the same
ume of day on each occasion We are currently investigaung the vanation of sodium
intahe m this respect but we have too few observations as yet to draw conclusions

>
van Dyke Was there any difference betwcen the excretion of sodium and of chlorde
Puckford The chloride excretion was always qualitatively simular to that of sodim
although perhaps not always of the same magnitude
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different parts of the nephron 1s still somewhat arbitrary For convenience I under
stand by distal convoluted tubule the segment which begins at the point where the
ascending hmb of the loop of Henle touches the glomerulus of the same nephron
and wiich ends at the nearest bifurcation of the collecung duct This segment 15
probably not identical with the part of the nephron referred to as distal system by
most phystologsts
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Figure 1

Detal tubular flud/plasma atos (7FJP) and v eteral unne/plasma rauos ([P,

of total m lecular concentrat on n the concentraung (@) and the dituung (Oy

rat hadnes The st <f MUCRPUNCLE e 15 g1 en as per cent of the length of the
dustal con olut d tulule (F om Wiz 19,6 }

The re ults are shown m Fig 1 The open arcles relate to expenments with
anmmals m water diresis and hypotomic unnes the black dots to antidiurenc
expeniments with osmotic U/P ratios well above 1 o

The mc t striking fact 1s thatin the concentrating hidney distal con oluted tubule
fluid nct only 15 not hypertonic but even very definitely hypotonic particularly 1n
the beginmng of this segment The results of Walker ef af (1941) are thus fully con
firmed Owing to the small number of successful distal punctures these authors were
rather cautic us as to the significance of therr results In the hght of the new facts those
early firding are hughly significant and so 15 the statement that 1t w ould appear that
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flurd, ureteral uninc and systemic plasma were deternuned by our MICTocryoscopic
method (Hargitay Kuhn & Wirz 1951), which 1s ssmilar to that described by Ramsay
(1949) This method has a number of advantages over that of Barger (1904) hitherto
used by mucropuncture specialists Its accuracy 1s nearly as good as that of the Beck

mann method on a macro scale The cryoscopy 15 performed 1n the same quartz
capillary tube wluch previously had served for the micropuncture Therefore any
evaporation or condensation which might occur dunng a transfer from one tube to
another 15 a priont excluded Finally the amount of flud required for cryoscopy 1s
so mnute that it ¢1n be drawn from any tubule at once This avoids prolonged col

lecting pentods the blocking of the tubule by o1l and the hazard of contaminating the
sample with fluid from higher up or lower down the nephron

RESULTS

Proximal con oluted tubules

As to the locaton of the antidwretic actiaty 1t has been presumed by most
nvestugators of recent times that the proxamal comvoluted tubules have nothing to
do with 1t Water reabsorption n this part of the nephron 1s regarded as a passne
process secondary to an active reabsorption of solutes Water seems to follow part
passu the actively reabsorbed glucose sodium chlonde, &c¢ leaving behind an es
sentially 1sotonic tubular flud

Eapenimental evidence so far has only been provided for the concentrating hidney
by Walker Bott Olner & McDowell (1941) but the same 1s also true for the diluting
organ during water dwresis (Table 1) The number of expeniments 1s not very large

TabLe I

Proximal tubular flndiplasma ratwes (TF|P) and ureteral unwne[plasma rafios (UIP) of total
molecular concentration The site of puncture 15 guen as per cent of the len th of the proximal
conoluted tubule

TF/P LiP Site
{per cent )

I or o 41 20

1 00 025 28

099 020 30

097 020 37

0499 026 42

but the results are so clear cut—the osmotic tubular flurd/plasma ratio was c]ssc
to umty 1 every single expenment even at very low {ureteral) U/P ratios—that
there 1s no need for extending these experiments further

Distal comoluted tubules
By the use of the Ultropak system 1t has become possible to disunguish quite
definutely distal from proatmal convoluted tubules iz z1z0 The denommation of the
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Those who are familinr wath the matter will have noticed that the explananon [
have given to the new findings 1s 1lmost identical with that of H W Smuth (1951)
and of Wesson & Anslow {1952) Trom their clearance studies these authors have
concluded that there must exist in the mammahan hidney three separate sites and
three different mechanisms of water reabsorption This hypothesis has now been
corroborated 1n 1ts essentials, 1 few modifications and specifications may be added
on the strength of the new experimental facts The first process of water reabsorption
(T o of these authors), amounung to approxmately seven eighths of the filtered
water, occurs m the proximal convoluted tubules It 1s visualized as an obligatory
but passive process consequent to the proximal reabsorption of about seven eighths
of the filtered solutes, leaving the tubular content essentially 150 osmouc throughout
the length of the proximal convolution This has now been demonstrated to be true
not only for the concentrating but also for the diluting kidney—at least as far as the
Pproximal convoluuion 15 accessible from the renal surface No sign of even sight hypo
tomaty hns been encountered in the present mvestigation It seems that osmotic
equilibrium 1s mamtamed all along the proaimal convoluted tubules

Secondly we have to assume a facultative water reabsorption (T4 o) m what
Smuth calls the ‘distal system  This part of the reabsorptive process 1s facilitated by
the anudiuretic hormone It compnses the water osmotically liberated by distal
sodium reabsorption (7%} and f present, leads to an isotonic distal tubule flmd
Hence 1t 15 probably a passive process too The present experiments demonstrate
that 7%, must be located mn the convoluted part of the distal tubules This site
1s not quite identical with that of distal sodum reabsorpuion T% apparently
takes place already mn the loop of Henle

Finally there must exst a site of hy perosmotic water reabsorption ( Ty o) necessanly
lower down m the nephron which abstracts water to concentrate the 1sotomc
tubule fluid above the osmotic pressure of the plasma This hyperosmotic reabsorption
must take place even beyond the nephron in the collecting ducts as no hypertonicity
Sas cver been demonstrated to occur before the cortical branchings of the collecting

cts

There 1s however still at least one important pomnt of controversy between New
York and Basel left as a bags for discussion The ultmate process promoting Ty o
1s considered by H W Smith and his group to be located 1n the epithelium of the
collecting ducts whereas we think that the collecung ducts play but a passive part

and that the leading system 15 the hair pan counter current system provided by the
loops of Henle

If water was removed from the collecting ducts by an active process located 1n the
collecting duct epithelia, the interstitial fimd and the blood 1 the vasa recta of the
Papilla would have to become hypotomc with respect to systemic blood This
hypotomicity might admattedly be very shght 1if the blood supply to the papilla was
large as compared to urmne flow But such a process could never induce the papillary
blood to become hypertonic which according to micropuncture studies on the papilla
of the golden hamster 1t 1s {Wirz 1953) Since these experiments are well known to
some of you I can report them briefly The golden hamster has a long papilia pro
truding mto the ureter where 1t can be eaposed tn z1ra It has been demonstrated that
blood drawn by mucropuncture from papillary blood vessels has practically the
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the site of chloride reabsorption must be proximal to that of water Water re
absorption however scems to catch up with the reabsorption of solutes at the end of
the distal convolution In most cases the tubular fluid 1s strictly 1sotonic throughout
the last third of this segment In one case 1sotomcity was not quite reached, but the
tubular fluid/plasma ratio was never greater than 1 02 Thus there 15 no sign of an
active process of water reabsorption up to the beginming of the collecting ducts

In the diluting hidney on the other hand the hypotoniaity of tubular flud 1
mamtained (perhaps cven enhanced) throughout the length of the distal conyoluted
tubule At the end of the segment the hypotontcity m most cases 1s not qute as pro
nounced as in ureteral urme It 1s questionable however whether this pomts to a
further solute reabsorption 1n the beginmng of the collecting ducts Alternatiely
since ureteral urine 15 the composite product of some 30 000 nephrons this finding
may be due to 1 somewhat different diluting capacity of different renal umits

In short 1t may be stated that the diluting process occurs before and possibly along
the distal comvolution It 1s completed or nearly so at the beginning of the collecting
ducts The concentrating process on the other hand must in some way mclude the
collecting duct system

DISCUSSION

Apart from the possibility of water secretion 1 the distal segment which would have
to occur even 1n antidiuresis ind for wiich I do not see any reason the hypotoniaity
of the tubular flmid at the beginming of the distal convolution shows that there must
take place between the end of the proxmmal and the beginmng of the distal comolu
tion a copious active reabsorption of one or more solutes without or with less than an
cqunialent amount of water For lack of other evidence we may tentatively assume
that this 1solated solute reabsorption 1s located 1 the ascending limb of the loop of
Henle

As to the substance or substances whose reabsorpton causes the hvpotomcaity of
distal tubule iwd T agree with H W Smuth (1951) and with Wesson & Anslow (1952)
that the only solutes available for reabsorpuon m sufficient amount are sodium
concenably the 1ctive part and chloride as a concomrtant anton These eaperiments
may be taken as a factual demonstration—and to some extent location—of what these
authors call 7¢, Along the segment concerned with distal sodium reabsorption
poor water permeability must exst 1n both the diuretic and the antidiuretic state
But only 1n water diuresis does this impermeability obtain throughout the entire distal
convolution By the action of the 1ntidiuretic hormone the distal convoluted tubules
apparently become permeable to water allowing the tubular content to become
1sotonic with the surrounding mnterstitral flud There 15 no sign however of an actie
water reabsorption 1n the distal convoluted tubules Even n severe anudresis at
(ureteral) UJP ratios as huigh as 7 the cortical tubules show an 1sotomic content at
best
In the absence of antidiurctic hormone on the other hand, the epitheliae walls
must be virtually impermeable to water not only in that part of the loop and the distal
convolution where hypotoniaity 15 produced but also i the collecting duclts, \\hlc}xl'z
the hypotonicty 1s mamtamed Thus only 1s 1t explamable dmlt (l(\ic ur;x;gntz\l:.:mn
hadney 1n the same hypotonicstate w hich 1t already attained in the dista.
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Those who are famuiliar with the matter will hwve noticed that the explanation 1
have given to the new findings 1s almost :dentical with that of H W Smuth (1951)
and of Wesson & Anslow (1952) I'rom their clearance studics these authors have
concluded that there must exist in the mammalian hidney three separate sites and
three different mechamsms of water reabsorption This hypothests has now been
corroborated 1n 1ts essentials, a few modificitions and speafications may be added
on the strength of the new expertmental facts The first process of water reabsorption
(71 o of these authors), amounting to approsimately seven eighths of the filtered
water, occurs in the proaimal convoluted tubules It 1s visualized as an obligatory
but passive process consequent to the proaimal reabsorption of about seven eighths
of the filtered solutes, lcaving the tubular content essentially 1s0 osmotic throughout
the length of the proximal comvolution This has now been demonstrated to be true
not only for the concentrating but also for the dilutng hidney—at least as far as the
proximal convolution 1s accessible from the renal surface No sign of even shght hypo
tomcity has been encountered m the present investigation It seems that osmotic
equilibrium 1s muntained all along the proaimal convoluted tubules

Secondly we hwe to assume a facultatne water reabsorption (7% ) m what
Smuth calls the *distal system  Thus part of the reabsorptive process 1s facilitated by
the antidiuretic hormone It comprises the water osmoucally liberated by distal
sodium reabsorption (7% ), and 1f present, leads to an isotonic distal tubule flud
Hence 1t 15 probably a passive process too The present experiments demonstrate
that T} 5 must be located 1n the comvoluted part of the distal tubules This site
15 not quite 1dentical with that of distal sodium reabsorption 7T¢ apparently
takes place already 1n the loop of Henle

Finally there must eassta site of hy perosmotic water reabsorption { Ty o) necessarily
lower down 1 the nephron  which abstracts water to concentrate the wsotonic
tubule fluid abox e the osmotic pressure of the plasma Ths hyperosmotic reabsorption
must take place even beyond the nephron 1n the collecting ducts as no hypertonicity
l&as ever been demonstrated to occur before the cortical branchings of the collecting

ucts
There 15 however sull at least one mmportant pomnt of controversy between New
York and Basel left as a basis for discussion The ultumate process promoting Ty o
's considered by H W Smuth and his group to be located 1n the epithelum of the
collecting ducts, whereas we thin that the collecting ducts play but a passive part
and that the leading system 1s the hair pm counter current system provided by the
loops of Henle

Ifwater was removed from the collecting ducts by an active process located n the
collecting duct epithelia the interstiial flurd and the blood 1n the vasa recta of the
papilla would have to become hypotome with respect to systemic blood This
by potonicaty mught admuttedly be very shght 1f the blood supply to the papilla was
bal:)giias compared to unine flow But such a process could never mduce the papillary
of (‘;e to k;;:ccme hypertome which according to mucropuncture studies on the papilia
soms ugfo en hamster 1t 15 (Wirz 1953) Since these experiments are well known to

trudn, ‘)nolll }Ilcan report them briefly The golden hamster has a long papilla pro
100dgd 0 the ureter where 1t can be exposed mzuo It has been demonstrated that
rawn by micropuncture from papillary blood vessels has pracuically the
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same osmotic pressure as the urine which 1s formed simultaneously The experments
mclude osmotic UJP ratios between 1 0 and 2 It has been concluded from these
experiments that 1n the concentrating hidney the whole of the papilla becomes
hypertonic including the contents of the collecting ducts and the extracellular flurd

Earher experiments (Wirz, Hargitay & Kuhn 1951), using the method of direct
cryoscopy of hidney slices had led to the conclusion that the contents of both limbs of
the loops of Henle also were hypertonic in the papilla of concentrating kadneys From
these results the course of osmotic pressure along the nephron and collecting duct
was outhned as i Tig 2 The objection has been made that the results of direct

Frgure 2
Variation of osmotic pressure in a single nephron
and collecting duct as computed from direct
cryoscopy of the rat hidney (From Wiz
etal 1gs51)

cryoscopy mught be partly influenced by diffusion post mortem Apparently these
expertments farled to disclase the slight hy potonscity at the beginming of the distal
convoluted tubules of concentrating kidneys which was demonstrated by mucro
puncture studies But even if the cryoscopic readings showed nothing but an average
freezing pomnt depression 1n any single shice, they would be conclusive at least in one
respect Freezing pomnts as low as —4 3° G have been recorded m the papillac of
antiduretic rats It 1s very improbable that so hagh an average osmonic pressure could
be the result of a mixture of the hypertome content of the collecting ducts and of
the 1sotenic contents of loops blood vessels and nterstices

A different line of approach was followed by Ullnch Drenchhahn & Jarausch
(1955), who investigated the osmotic behaviour of shices tahken from various depths of
fresh dog hidneys By extrapolation they computed the osmotic pressure of a saline
solution with which the shces would be n osmotic equilibrium In concentrating
hidneys they found a steady mncrease of osmotic pressure from the cortico medullary
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boundary towards the up of the papilla These results are sigmificant tn two respects
Firstly as 1t 15 the cells that will shrink or swell they demonstrate that the intra
cellular compartment too 15 mvolved 1n the osmouc straufication of the renal
medulla Secondly the last shices 1n all expeniments on concentriung hidneys show
within the limit of methodical errors, the same osmotic pressure as the urine which
was formed immediately before the ammal was hilled  Thus the epithelial cells of the
collecting ducts scem to be 1n perfect osmotic equilibrium with the urine within

The same authors found the sodium concentration of such slices teo to mncrease
with the depth of the renal medulla Final concentrations of up to 425 mEq sodium
per litre of tissue water were found, about four times the sodium concentration of the
urne This suggests the exstence of high 1onic concentration gradients between the
different compartments combimed with an absence of high total molecular con
centration gradients

The results of these worhers recall the earhier experiments of Ljungberg (1947)
who demonstrated an mcrease of chlonde concentration mn the medulla of rabbit
hidney Here agam the average chlonde concentration of shices from the deeper parts
of the medulla was well above that of both the urine and systenuc plasma or whole
blood According to Ljungberg s terpretation these findings ndicated an actnve
chlonde reabsorption from the collecting ducts He assumed that the chlonde con
centration of the extracellular fluid was the same mn the renal medulla as in other
parts of the body An alternative view was offered by H W Smith (1951) namely
that a high ntracellular concentration of chloride might be nvolved n the re
absorption of water to form a hypertonic urine He suggested that water might duffuse
mto such an mtracellular system by osmotic pressure Assuming an mterstitial flmd
of normal osmotic composition this interpretation would leave the question open
how the water, once 1n the epithelial cells would be disposed of

THE HAIRPIN COUNTER CURRENT SYSTEM

There 15 only one explanation which covers all the known facts and moreover grves a
satisfactory reason for the existence of the laops of Henle 1n the mammalian hidney
This theory 1s based on the combimation of a flow along a tube that doubles back upon
1tself (hairpin counter current) and an active process setting up a (small) osmotic
pressure difference between the two limbs of this tube the content of the descending
limb being (sightly) hypertomc The concentrating effect of this system starts being
muluplied as soon as the (shightly) hypertonic content of the descending hmb 1s
Carried by bulk flow around the bend into the ascending limb  The lower ends of
both limbs now being equally hypertonic the osmotic pressure difference between the
two limbs 15 momentanily abolished If the active osmotic process continues a new
osmotic pressure difference 1s set up the content of the lower part of the descending
ltmb now being twice as hypertomc as in the first step Ths fluid 1 again transported
"}1‘10 the ascending limb agam abolshing the osmotic pressure differences between
;ttdllwu limbs and so on Finally a steady state arses the flud entering the system
- ¢ upper end of the descending hmb bemg more and more concentrated towards
€ harpin bend and rediluted on 1ts way back up the ascending hmb  Osmotic
Pressures many times higher than the mitating single effect may be produced
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The theory w1s developed both mathemaucally and expenmentally with the help
of a worhing model by Hargrtay & Ruhn (1951) The primary difference in osmotic
pressure mn the model was brought about by a head of hy drostauc pressure apphed to
the descending imb  both limbs sharing a common membrane of semipermeable
matenal The sigmficance of this model has often been misjudged It was not meant
to demonstrate by it that the renal concentrating mechanism might be operating by
means of physical forces alone The hydrostatic pressure was chosen by Hargitay &
Kuhn as 2 ssmple and well defined driving force to produce a small osmotic pressure
difference across a semipermenble membrane The model was to show that this small
osmotic single effect may be multiplied 1f 1pphed to 1 counter current system,
resulting 1n final osmotic pressures several times higher than the single effect
alone

It 15 not bikely that in the hidney the driving force 1s 1 hydrostatic pressure differ
ence as 1 the model The osmotic pressure difference between the descending and
the ascending hmb of the loop of Henle 1s probably brought about by an actne
cellular transport mechanism, cither driving water from the descending limb across
the intersuices mto the ascending limb or by a process moving one or more solutes
m the opposite direction—or a combination of both

In any cnse the result of the counter current mechamsm would be a milieu of
mcreasing hypertomcity towards the tip of the renal papilla Besides the loops of
Henle two other systems are passing through the same mikeu They ascular system 1s
anatomucally arranged as a number of hair pin tubes extending more or less deeply
mto the medulla All the bloed 1rngating the medulla enters and leaves the medull2
at the coruco medullary boundary 1 ¢ 1 an essentially sotomc regron In betwcenit
may adapt itself to the osmotic pressure of the surroundings by a passive uptahe (on
1ts way down) and release (on its way up) of osmotically active solutes Hence the
finding of hypertonic blood by micropuncture of the papilla of the golden hamster

The second system passing through the medulla 1s that of the collecting ducts Here
too a passive adaptanon to the hypertomic milieu 1s assumed, not by an uptahe of
solutes but by a passive transfer of water according to the osmotic pressures Unlike
the vasa recta the collecting ducts do not turn back to the cortex, and this unne
concentration 1s final

The precise nature of the process imtiating the counter current concentrating
mechamsm must be left open to further mnvestigation The present results however
may help by gniang a tentatne description of the antidiuretic mechanism m the mam
mahan ludney

The distal sodium reabsorption (7% ) mught serve a double purpose Firstly
the removal of a large part of what sodium 1s left over by the proxamal system, and
secondly the facultative imtiation of the counter current concentrating mechanism
If an active sodium transport was at work all along the ascending hmb of the loop—
and the present results seem to pomt m this direction—the extracellular flud of the
medulla would as a first step, become shightly hypertonic Tius alone would not
suffice to get the concentrating mechamism gomng For this the crucal point 15 the
entering at the hairpin bend of 1 (shightly) hypertontc solunon into the ascending
Limb In other words, the contents of the descending hmb would h1ve to be granted
osmotic equilibration with ther (shghtly) hypertonic surroundings
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One mught assume that n the absence of antidretic hormane the descending
limb 1s impermeable to both water and solutes Its cantent would then stay 1sotome
as 1t was at the end of the proximnl convolution In this case renal function would
proceed as 1f there was no counter current system, distal sodium reabsorption com
bined with a watertight distal convolution and collecting duct, leadmng to large
volumes of hypotonic urine

The osmotic equibibration of the descending imbs with their surroundings might
be facilitated by the antidiuretic hormone by opeming pores to allow a passiv e transfer

1 ot

l water

® ()

Figure 3

Tleaction (ftt antidiur tichormone 1 suggested as fac Liatng a fassive transfer « £ at rat
¢ different s tes u the neph cn and collecti g duct \for deta Is see text)

of water (Ing 3 &) or sodwm (chlonde) or both If the pores were opencd for water
we would have to assume yet another site of facultative water reabsorption mn the
descending himb of the loop This water would combine with the sodium tchlonde)
turned out by the ascending himb and be carrned away by the medullary blood If
the pores were opened wide enough to allow an nward movement of sodium
(chionde) we would have to assume a rearculauon of part of this salt through the
foo
I?hls hypothesis has the advantage that no other function would have to be at
tributed to the antiduretic hormone than that of opering the pores to allow a passive
transfer of water (and possibly some solutes) It was first shown by Sawyer (1951)
that in the frog shin the action of postpituitary extracts consists 1n lowering the
barrier to osmotic entrance of water rather thanin Promoting any transport actvity
Also hoefoed Johnsen & Ussing (1g52) concluded from tracer experiments on the
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1solated toad shin that the action of neurohypophysial hormones could be explamed
entirely by an increase in pore size 1n some layer of the skin Although the actne
prinaiple wfluencing the water uptahe by the anuran shin 1s possibly not 1dentical
with the (mnammalian) antdiuretic hormone, 1t seccms to be an attractive hypothesis
that the same purpose—the conservation of body water—1s achicved by the neuro
hypophysis in mammals and amphibians by mnfluencing very different tissues butn
cssenuially the syme manner

In the mammalian kidney the sites of such action would be g, ( cc Fig 3) the
descending hmb of the loop allowing the tubular flud to reach equilibrium with the
hypertonic extracellular flutd and thus inducing the counter curreat concentrating
mechamism b, the distal convoluted tubules, allowing water reabsorption to catch
up with distal sodium reabsorption and finally ¢, the collecting ducts, where a
passive transfer of water to the hypertomic surroundings would concentrate the unne
above 1sotonicity
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The location of antidiuretic action 1n the mammalian hudney

Duscussion
Chairman H Heller

Heller 1should like to congratulate Dr Wirz on his elegant work I think I am right
1n saying that the only other workers who have succeeded 1n domng micropunctures
1n the mammalian hidney were Walker and his group and you of course have been
able to get 2 great deal more mformation about the distal tubule

de TWardener T want first to add my own congratulations to Dr Wirz The observation
that has delighted me most 1s your finding that when the unine in the ureter 1s hyper
tomc that in the distal tubule 15 hypotonic As you said Walker and hus co workers
also obtained simular results on three occastons but I thunh I am night in saymg thatin
these expersments the flurd 1n the distal tubule was not as hypotonic as i your own
My pleasure 1n this finding 1s that 1t fits so admurably with the results of some of our
own experiments

McCance (7 Physiol (Lond } 104, 196 1945) first showed and this has been con
firmed on many occasions that in a dehydrated man or amimal the adminstration of
a substance which has then to be excreted 1n the urine causes not only a rise 1n solute
output but a simultaneous mncrease i urine flow and a fall in urine concentration
towards that of plasma It has been suggested that these changes are due to ann
creased flow of 150 osmotic tubular fluid into thatsite m the tubule where concentration
tahes place so that the concentration of the urine 1s now 1pproaching that of plasma
There 15 the ption 1 this expl 1on that such an osmotic drurests muiated
at any level of hypertomeity however mnor should be accompamed by a fall in
urine osmolanty towards plasma

Dr del Greco and I however have recently demonstrated that this assumption
1s not warranted and that n fact 1f an osmotic drurests 1s initiated tn man when the
urine osmolanty 1s only shghtly above that of plasma  there 1s a fall i urine osmolar
1ty below that of plasma the urine becoming hypotomc (del Greco & de Wardener
Chn Sct 14,715 1955) To explan this phenomenon 1t seemed reasonable to suggest
that when the unine 1s hy pertonic there 1s somewhere 1n the tubule a site where the
tubule flnd 15 hypotonic—a hypothesis first put forward by Shannon (¥ exp med
76, 371 1942) It appeared therefore that the concentration of the urne not only
depends on the level of arculating antidiuretic hormone and 1ts action on the collect
ng tubules but also on the rate at which hypotonic flurd 1s being dehivered to this
stte

If this was correct 1t followed that 1t should be possible to make a hypotonic unne
hypertonuc by reducing the solute output This we have found 1s a correct deduction
(del Greco & de Wardener 7 Physiol (Lond ) 331, 307 1956) We performed the
experiment 1n animals made resistant to the effect of Pitressin by large and rapid ex
pansions of the extracellular volume (Wesson Anslow Raisz Bolomey & Ladd Amer
J Physil x62,677,1950) and which were therefore passing hy potonic urme Changes
m solute output were produced by aortic occlusion by means of an indw elling aortic
nflatable rubber balloon Upon mflating the balloon the solute output fell and the
unine became hypertonic upon deflatng the balloon the unne agam became
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1solated toad shin that the action of neurohypophysial hormones could be explamed
entirely by an ncrease m pore size i some layer of the skin Although the actne
prnaiple influencing the water uptahe by the anuran shin 1s possibly not 1dentical
with the (mammalian) antidiuretic hormone, 1t seems to be an attractiy ¢ hypothesis
that the same purpose—the conservauon of body water—is achieved by the neuro
hypophysis 1n mammals and amphibians by influencing very different tissues but
essentially the same manner

In the mammalian hidney the sites of such action would be a, { ce Fig 3) the
descending limb of the loop, allowing the tubular fluid to reach equiltbrium with the
hypertonic extracellular flmd and thus mnducing the counter current concentraing
mechanism, & the distal convoluted tubules, allowing water reabsorption to catch
up with distal sodium reabsorption, and finally ¢, the collecting ducts, where a
passive transfer of water to the hypertonic surroundings would concentrate the urine
above 1sotomcity

REFERENCES

Barcer G (1904) A micr 1 method of d lecular weights J Chem Soc 85, 86

Harcitay B & huun W (1951) Das Multiplikationsprinzip als Grundlage der Harnhonzen
trierung tm der Niere & Elekirockem 55 539-58

HARGITAY B huns W & Wikz H (1951) Eine mikrokryoshopische Methode fur schr Kleme
Losungsmengen Experientta (Basel) 7 2,6-8

IoErOED JonnseN V & Ussing H H (1952) The contributions of diffusion and flow to the passage
of D O through living b Effect of hypophyseal hormone on 1solated anuran
skin Acta physiol Seand 28 60—76

Ljuneeerc E (1947) On the reatsorpticn of chlondes i the kudney of the rabbit Ada med Scand
Suppl 186

Ramay J A (1949) A new method of freezing point determinaticn for small quantities J xf
Bl 26 57-64

SawyEr W H (1951) Effect of pesterior pitustary eatract on permeabilty of frog skin to water
dmer J Physiwol 164, 44-8

Ssaret H W (1951) The hdnes Stucture and function 1n health and disease New York Oxford Unner

sity Press
Urrrict k] Drencamany F O & Jarausau b H (1955) Untersuchungen zum Problem
der Harnkonzentrierung und Pllvgers Arch ges Plystol 261, 62-77

WaLkER A M Borr B A Ouner J & McDowrL. M C (1941) The collecuon and analysis
of flud from single nephrons cf the mammalian kidney Amer 7 Physiol 134, 580-95

WaLkeR A M & Ouver J (1941) Methods for the collectien of fluid from single glomerult and
tubules of the mammalian hidney 4mer 7 Physiol 134 562-79

Wesson L G & Anstow W P (1g952) Fffect of osmotic and mercurial dress on simultanccus
water diresis Arer F Plystol 170 2, ,~69 .

wirz H (1953) Der osmotische Druch des Blutes in der Nierenpapille Helv physiol pharmaco

la 13,
w::[za xl{ ’(213395,) Druchmessung 1n kapilaren und Tubult der \uere durch Mikropunktion Hel

[ cta 13 47-9
\\f:';m}la“z;':g; Der os::nguschc Druck 1n den corticalen Tubult der Rattenniere Hele fhysiol
i Acla 14 353-62
“Mf"?;w Harcitay B & hunv W (1951) Lokalisation des b &P
Nuxe durch direhte hryashopic Hels Hipswol harmacol fetay 196-207

166

m der




The location of antid: action in the lian kudney

of about 50 grammes and golden hamsters grow so quickly I'have obtained a species
of desert rat  Mertones shaut which has a papilla similar to that of the golden hamster
Bat what I have been doimg up to now 1s breeding them

Sawyer We bave another species of desert rat the Mongohan gerbil  VMeriones
unguiculatus which also has a long thin papilla and presumably long collecting ducts
Thus species 1s capable of biving without weight loss on a diet of dry oatmeal without
water The closely related African gerbil Gerballus gerbillus has recently been reported
by Burns (Endocrinology 58, 243 1956) to be capable of surviving on dry grain as
can the kangaroo rat (Dipedomys) and the jerboa A number of desert rodents such
as Dipodomys, Meriones Gerbillus Jerboa and Perognathus also have long renal papillac
as Sperber (Zool Bidr Uppsala 22, 1944) has pomnted out The gerbil breeds very
casily However, the man who 1s breeding them commercially in the U S wall only
let us have males
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hypotonic within 1-3 min Dr Sawyer tells me that Dr Berlmer has recently com
pleted almost 1dentical experiments and has obtamned very similar results

I think these obserations fit very nicely with the findings of Dr Wirz that, some
wherc in the tubule, the urine 1s at all times hypotonic

Heller There 1s a question which I might ask Dr Wirz and Dr Sawyer at the same
tume what 1n your present schemes 1s the significance of the thin loop of Henle?
Homer Smuth has suggested that 1t might be an equilibrating region—where
150 osmoticity 1s obtuned Do you agree with this concept®

Wirz Homer Smith suggested that proximal tubule fluid might, at times at least, be
hypotonic This does not seem to follow from the experiments of Walker ef al They
however have worhed exclusively on concentrating kidneys and many of ther e
pertments were done during osmotic dwrests In my seres I have never seen a hypo
tonic proximal tubule flurd even at low urcteral urine osmotic pressures, and without
the use of osmotic diuretics I therefore do not see any need for further equilibration
m the thin hmb

Sauper There arc two data I want to get clear about in connexion with several critic
1sms which have been levelled aganst your work You do not think that i your
sections there could be post mortem diffusion of water because your freczing pomnt
depressions were so lugh Is that nght?

Wirz 1 dont see how a freezing pont depression of more than 4 G could be at
tributed to a muxture of an 1sotonic fluid and one which m this case would have to
be much more hypertome A freczing point depression of 4 C nearly corresponds to
the osmotic ceiling of the rat

Sawper Would you also consider the possibility that the high osmotic pressure could
be due to the hydrolyss of intracellular substances such as ATP which are described
by Conway (Conway, Geoghegan & McCormach, 7 Piysiol (Lond ) 130, 427 1955)
as occurring 1n renal tissue even at o° C ?

Wiz In cortical tissue shices we always found freezing pomnt depressions close to
0 56° C which you would expect from 1sotomc flurds Furthermore this objection
would certamly not apply to the findings—by other workers—of high sodium and
chloride levels

Sauper You have determned the osmotic pressure of blood taken from renal vessels
i the Lving animal Is the blood flowing when you draw these samples?

Wiz Yes

Puckford There s one quesuon I would like to ask about the blood vessels Do you
ever sec any change in the size of the blood vessels during the effect of antidiurctic
hormone? Can you judge the size of the blood vessels which run parallel to Henles
loop? I thinh 1t has been suggested that constriction or dilation of these vessels 15
one of the factors involved

¢ not managed to do but which ought to be i estigated

lward You can only do these expenments with animals
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The antadiuretic action of neurohypophysial
hormones . Amphiba

WILBUR H SAWYER

Department of Physiology \euw York Unuersity College of VMediane and the Mount Desert Island
Buological Laboratory

Tue importance of the neurchypophysts in the regulation of the water metabolism of
mammals 15 well known However an mcreasing body of evidence reveals that the
neurohy pophysial hormones are also concerned with water balance in the Amphibia
These hormones act not only on the skin but also on the kidney and urinary bladder
1 mntend to speak principally about neurohypophysial action on the kidney and wilt
argue that the antidiuretic response 1n this organ resembles that 1n amphihan skin
with respect to the fundamental mechanism of action Because the shin 15 readily
accessible to direct study the action of neurohy pophysial hormones on this organ has
been the subject of numerous studies which have afforded us considerable nsight
1nto the mechanisms nvolved

Neurohypophystal hormones markedly increase the rate of water uptake through
the skin of the frog and toad Here water uptake appears to be a passive process
activated by the osmotic gradient between the body fluds and the external medium
(Sawyer 1951a) The skin however does not behave like 2 simple homogeneous
semipermeable membrane The net influx of water 15 several imes that predicted
from the measurement of total flux if 1t 1s assumed that the entire area of the shin 15
available to diffusion and that influx and outfux are directly proportional to water
concentration on the respective sides of the skin (Hevesy Hofer & Krogh 1935
Capraro & Bermim 1952) hoefoed Johnsen & Ussing (1953) pomnt out that 1t 1s
unnecessary to mvohe active water transport to explamn this discrepancy 1f 1nstead
the skin 1s concerved as a system m which osmotic flow occurs through minute pores
Neurchypophysial hormones mcrease the net flux of water without proportionately
mcreasing the total flux (Capraro & Bermini 1952) This 1s most readily explained
by assuming that the hormones dilate the pores

Professor Ussing at the Colston Research Society Symposium two years ago
adduced substantial evidence m support of his pore theory from an exammation of
the permeabulity of toad skin to sotopically labelled thiourea (Ussing 1954) The
thiourea molecule 1s considerably larger than water and normally penetrates toad
shin at a slow rate Neurohypophysial hormone increases the rate of flux mn both
directions the increase 1n flux of thiourea being much greater than the increasen the
flux of water This s best explained by assuming that the neurohypophysial hormone
diltes pores that are normally barely large enough to admit water but too small to
admit thiourea The influx of thiourea 15 more rapid than the outflux even when the
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concentration 1s the same on both sides, but this phenomenon, 1 Usang s view
merely reflects the fact that thiourea 15 swept through the pores i the stream of the
osmotic mflow of water

The pore theory has been supported by Garby & Linderholm (19,4) on the basts
of the effects of aminophylline on the relative rates of flux of urea and electrolytes
through frog shin

The pore theory suggests 1 possible mterpretation of how neurohypophysil
primciples may act on other semipermeable membranes No data previously available
indicate whether 1t 1s applicable to the kidney, but the evidence presented herc pomts
m that direction

The older view 1n mammahian physiology held that the neurohypophysial anti
duretic hormone acts on the mechanism responstble for the elaboration of hypertontc
urme On this basis we once believed that the change 1n the permeabihty of frog
skin could not share 1 common mechamsm with the response of the mammalian
nephron (Sawyer 19514) But we now have reason to revise this opimion raducally
On recent evidence Professor Homer Smith (1956) has argued that the antidretic
hormone may not be necessary for the activation of the concentrating mechanism,
an mterpretation which agrees with the observation that hypertomic urmne can be
produced n the apparent absence of this hormone (Shannon, 1942, Levhoff
Demunbrun & Keller, 1954, Berliner & Dawvidson, 1956)

Turning to the amphibian kidney where the urine 1s never hypertonic to the
blood neurohypophysial extracts are known to ncrease the tubular reabsorption
of water (Pasqualim 1938 Sawyer 1955 Jancsé, 19552, 19556 Sawyer, 1956)
Here we have an opportumity to exammne neurohypophysial action on the nephron
1n the absence of a mechamism for elaborating a hy pertonic urine

Two large amphibians, the North American bullfrog Rana cateshiana and the
South American toad, Bufo mannus have provided matenal for these studies The
basic technique consisted of cannulating both ureters through a ventral abdommnal
masion with fine polyethylene tubing The tubing was brought out through the
cloaca, the abdomen closed and the ammal allowed to recover from anaesthesia
The next day ureteral urine was collected continuously from the unanaesthetized
anmmal Ureteral lation has the ad of elimmating most of the dead
space and any errors due to reabsorption through the bladder

This preparation allows one to make multiple consecutive determmations of
exogenous creatmne or mulin clearances These clearances when determned
simultaneously 1 our preparations are essentially dentical and are assumed to be
valid measurements of filtration rate (Forster 1938 Sawyer & Sawyer 1952
Sawyer, unpublished) The osmotic concentrations of plasma and urne were deter
mined by freezing point (Wesson 1952) or vapour pressure (Sawyer 1954) depres
sion These data enable us to calculate the osmotic and free water clearances
respectively (Smith 1956) The osmotic clearance (Com == Uy mVIPy ) 15 defined as
that portion of the total unne flow required to contain the urimary solutes 1 an
1sosmotic solution The free water clearance (Cyo = ¥—-C ) 13 the water excreted
1 excess of that which 1s obligated osmotically  Lhis 1s the water that dilutes urinc
below the 1sosmotic state

Neurohy pophysinl extract a

dministered m large doses to the bullfrog causes 1
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marhked decrease 1n free water clearance, even when this 1s factored by the filtratton
rate to elmunate vanable changes n this function (Fig 1) This reduction 1a free

water clearance leads to antidiuresis and to an increase 1n the osmotic concentration
of the urine this concentration approaching that of the plasma Tubular antidiuresis
15 1rregularly accompanted by a decrease in filtration rate (Fig 2) which we have
previously described as the glomerular antidwretic response (Swwyer 19515

Sawyer & Sawyer 1g52) We believe that the glomerular action 15 attributable to
specific constriction of the afferent glomerular arterioles by the neurohypophysal
hormones
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Antidwret ¢ respon ¢ of the bullf og to mammalian neu ohypophys al extract The

control snjection was dilute acet ¢ acid of the same volume and pH as the P tuitrin

solution In this example the extract did not depress the filtraton _ate (Cer) The

reduction in urine flow (V) was due to the d pression of the elatne f ¢ wate
lea ance (Cy ofCer )

The responses of the toad to neurohypophysial extract are stmilar to those of the
bullfrog The change 1n filtration rate 15 variable as n the frog and the antidiuresis
15 attributable primanly to reduction m free water clearance (Sawyer 1956)

Stmlar changes i urmary concentration and filtration rate have been descnbed
m the bullfrog (Schmudt Nielsen & Forster 1954) and toad (Sawver 1956) n
response to dehydration but the data are msuflicient to implicate the neurohy po
physis We have however demonstrated depletion of hormone 1 the frog neuro
hypophysis during dehydration (Levmsky & Sawyer 1953), an observation which
has been recently confirmed by Jancso (1955¢ 19556) and we mnfer that dehydration
evokes release of neurohypophystal hormone m the frog
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concentration 1s the same on both sides but this phenomenon, m Ussing’s view
merely reflects the fact that thiourea 1s swept through the pores n the stream of the
osmotic inflow of water

The pore theory has been supported by Garby & Linderholm (1954) on the bsis
of the effects of aminophylline on the relative rates of flux of uren and clectrolytes
through frog shin

The pore theory suggests a possible interpretation of how neurohypophysil
principles may act on other semipermeable membranes No data previously asatlable
indicate whether 1t 1s applicable to the kidney but the evidence presented here points
1 that direction

The older view 1n mammahan physiology held that the neurohy pophysial anti
diuretic hormone acts on the mechamism responsible for the elaboration of hypertontc
urine On this basis we once believed that the change n the permeability of frog
skin could not share 1 common mechamsm with the response of the mammalian
nephron (Sawyer 19514) But we now have reason to revise this opimion radically
On recent evidence Professor Homer Smth (1956) has argued that the antidretic
hormone may not be necessary for the activation of the concentrating mechanism
an nterpretation which agrees with the observation that hypertonic urine can be
produced 1n the apparent absence of this hormone (Shannon 1942, Levhoff
Demunbrun & Keller, 1954, Berliner & Davidson 1g56)

Turmng to the amphibian hidney, where the unne 15 never hypertonic to the
blood neurohypophysial extracts are known to increase the tubular reabsorption
of water (Pasqualim 1938, Sawyer 1955 Jancso 1955¢ 19556 Sawyer 1956)
Here we have an opportunity to examine neurohypophysial action on the nephron
1 the absence of a mechamsm for elaborating a hypertonic urine

Two large amphibians, the North American bulifrog Rana catesbiana, and the
South American toad Bufo marinus have provided matenial for these studies The
basic technique consisted of cannulating both ureters through a ventral abdominal
mesion with fine polyethylene tubing The tubing was brought out through the
cloaca the abdomen closed and the amimal allowed to recover from anaesthesia
The next day ureteral urine was collected contmuously from the unanacsthetized
animal Ureteral cannulation has the advantages of ehminating most of the dead
space and ny errors due to reabsorption through the bladder

This preparation allows one to make multiple consecutine determmations of
exogenous creatimne or mubin clearances These clearances when determned
simultaneously 1n our preparations are essentially identical and are assumed to be
valid measurements of filtration rate (Forster 1938 Sawyer & Sawyer 1952
Sawyer, unpublished) The rations of plasma and urine were deter
mimned by freezing pomt (Wesson 1952) or vapour pressure (Sawyer, 1954) depres
sion These data enable us to calculate the osmotic and free water clearances
respectively (Smuth, 1956) The osmotic clearance (C, ,, = Uy VP m) 15 defined 1s
that portion of the total urme flow required to contain the urinary solutes 1n a(r;
1sosmotic solution The free water clearance (Cyy g = 7—C, ) 1s the water excretes
1n excess of that which 15 obligated osmotically This 1s the water that dilutes urine

below the 1sosmotic state

Neurohypophysml extract admmstered n lrge doses to the bullfrog causes 1
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marhed decrease i free water clearance, even when this 1s factored by the filtration
rate to ehminate vanable changes i this function (Fig 1} This reduction 1 free

water clearance leads to antidiuresis and to an wcrease 1 the osmotic concentration
of the urme this concentration approaching that of the plasma Tubular antidruresis
15 1rregularly accompanted by a decrease 1n filtration rate (Fig 2) which we have
previously described as the glomerular antidwretic response (Sawyer 19515

Sawyer & Sawyer 1g952) We believe that the glomerular action 1s attnibutable to
speaific constriction of the afferent glomerular arterioles by the neurohypophysial
hormones
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Figure 1

Antidwret ¢ response of the bullf og to mammal an neurohypophysial extract The

conirol njection was dilute acet ¢ acid of the same volume and pH as the P tu trin

solution In this example the ext act did not depress the filtration rate (Cer) The

reduction n urne flow (V) was due 10 the depression of the relat ve [ ee vate
clea ance (CH o/Cc )

The responses of the toad to neurohypophysial extract are stmilar to those of the
bullfrog The change 1n filtration rate 15 vanable as n the frog and the antidmresis
13 attributable primanly to reduction in free water clearance (Sawyer 1956)

Simular changes 1n urinary concentration and filtration rate have been described
m the bullfrog (Schoudt Nielsen & Forster 1954) and toad (Sawyer 1956) m
response to dehydranon but the data are insufficient to implicate the neurohypo-
physis We have however demonstrated depletion of hormone m the frog neuro
hypophysis during dehydration (Levinsky & Sawyer 1953) an observation which
has been recently confirmed by Jancso (1955a 19556) and we infer that dehydration
evohes release of neurohypophysial hormone 1n the frog
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Morcover, there 1s clearly enough hormone present 1n the amphibian neurohypo
physis to produce antidsuresis An myection of bullfrog pitutary extract correspond
g to 1/100 of a gland produces marked antidwresis 1n this ammal (Fig 3) This
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Antidwuretic response of the bullfrog 10 mammalian

neurohypophysial extract In this mnstance the extract

caused a decrease m filtration rate The reduction

m (ree water clearance howcver accounts for the
greater part of the antdiurens

Antidiuretic response of the bullfrog to the

inyection of frog neurohypophysial extract equi

valent to 1/100 of a gland This amount of

extract coreesponded 1o a dose of 0 007 oxytocic
u fkg

extract, when assayed on the rat uterus contamned only o 4 oxytocic umts per gland
The effective antudiurenic dose 1n the frog was, therefore, only 0 007 rat oxytocic
umitsfhg It takes five to ten oxytocic unitstkg of mammalian extract to produce 1
comparable antidwretic effect A simular difference in the effectiveness of amphibiain
and mammaban extracts with respect to the frog water balance response has been
demonstrated by Heller (1941)

Simlarly, 1 dose of toad pituitary extr ict corresponding to 1/100 of a gland pro
duced as great an antidiurests in the toad as one umit of mammalian extract (Sawyer
1956) ol
This discrepancy implies class speaficity among the active neurohypophysial
principles There 1s 2 dfference with respect to one ammo acid between vasopressin
from the ox and hog (Popence Lawler & du Vigneaud, 1952), and as Heller (1955)
has mmphed, 1 greater difference between mimmalian and amphibian neurohypo
physal principles would not be surprising The fact that oxytocain 1s more effectnne
than 15 vasopressin 1 producing water balance (Heller, 1930) and antidwretic
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(Sawyer 19516 Sawyer & Sawyer 1952) responses i the frog suggests that oxy
tocin resembles the frog neurohypophysial hormone more closely than does
vasopressin (Sawyer 1955)

Thnt a physiologically active cc of the neurohypophystal extract does
not account for the difference m antidiuretic activity of these extracts mn the bullfrog
seems to be excluded by the fact that synthetic oxytocin (supphed by Dr Vincent
du Vigneaud) per oxytocic unit 1s just as active as whole mammalan extract in pro
ducmg an antidiuresss (Fig 4)

Precanous as 1t may be to doso we may yventure to diagram the possible action of
neurohypophysial hormone on tubular water reabsorption n the Amphibia (}1g 5)

If we agree that urinary water 15 wholly denved from the glomerular filtrate * 1t
follows that osmotically free water i the unne s formed by the reabsorption of
solute (chiefly NaCl) from this filtrate leaving water behind for exeretion n the
urine This requires a tubular segment capable of active solute reabsorption but
relatively rmpermeable to water In the Amphibia the renal tubule must be almost
impermeable to water throughout 1ts length during water diuress since the excretion
of osmotically free water may amount to 50 per cent of the filtered water

We need only suppose that neurchypophysiaf hormones increase the permeability
of the tubule to water to explam the observed changes in free water clearance
Jancso (19558, 19554) has confirmed the mcrease m total water reabsorption by the
frog renal tubule under the mfluence of neurchypophysial hormones and derved
evidence on the anatomical location of the reabsorptive process by observations on
the excretion of trypan blue and non reabsorbable polyvinyl polymers During antu
drurests th b esare der dascastsin ct 1s occurring only 1n a special
1zed segment of the terminal distal tubule 1mmedrately before st joins the collecting
duct and, to a lesser extent 1n the collecting ducts themselves

‘We have noted that the shin of the frog and toad shows variable permeabihty to
water Neurohypophysial extracts and synthetic oxytocin (Sawyer unpublished)
mcrease this permeability probably by increasing the size of pores (Ussing 1954)
We have recently found that neurohy pophysial extracts (Schisgall & Sawyer, 1956)
and synthetic oxytocin (Sawyer unpublished) also increase water reabsorption from
the frog urinary bladder an organ ordinarily not included in discussions of water
balance There 15 evidence, however that water 1n the amphibian bladder can be
reabsorbed (Steen 1929 Ewer 19522 Schisgall & Sawyer 1956)

The probability that the responses of the renal tubules skin and bladder mvolse
a common mechanism 1s brought out by a comparson of the effects of neurchypo
phystal hormones on these organs mn frogs and toads (Table 1) In all three mstances
permeability to water 1s increased by dehydration and amphibian extracts are more
effective than mammahan extracts In the frog the response 1s greater with oxytocin
while m the toad the response 1s greater with vasopresstn All these phenomena may
depend on the dilatation of pores though there 15 no evidence for the pore theory
except 1n the case of the skin

Tn v ew of the fact that the frog tubule can s crete urea and other solutes we cannot deny that some water
may enter the usne accompanyng such solutes (Schisgall Buxer & Sa yer 19,6) Itss al o appa ent that
water flux w Il occur n both d r ctions between tubular u me and the 13tersutial fland of the tubule 1s at all
permeable to water In th s argument we are hov ever concerned only with net flux
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Schemat ¢ representation of the relationshtp of solute reab orpt i
(To m) to the formation of frec water (Ciy o) 1n mammal and am
phibran 1n diuresis and antidiures s Neurohypophys al horm ine
1s indicated as acting to allow the pass ve real sorpt on (T o) of
water [ eed o motically by solute r absorption The portion of the
diagram labelled amph bian 15 suppo ed to include the entire
nephron The portion labelled mammal 1s it nd d to represent
only the nephron distal to the thin's gment
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‘Tasre 1

I roperties of the change in uater permeability of skin bladder and renal tubule of frogs and toads

Increase in water permeabihity

+ Ammal
| " sin ' Bladder | Renal tubule
|
Occurs 1n dehydration _I'I‘_rog ‘\ +El;‘ ‘ +E§) 3) ) +g4;
| Toad ' +(5 + +(7
Amphibian pitutary extract  Trog  +(8 9 10) \ +(9) l +(11 12)
more actne than mam ~ Toad l +{(13) ‘ I +(n
malian
Oxvtocin more active than Trog  +(10 14 15) ‘ +(9) ( +(10 16)t
va opressin
Vasopresin - more actne | Toad | +(17 18 1)} +(5) +(18 19 20)%
than oxytocin t
Synthetic oxytocn active Frog | +(9} +(9) +(1r)

Species and references as indicated by numbers i parentheses

(1) Rana piprens Levinsky and Sawyer 1953 (11) R catesbiana Sawyer this paper

(2) Frog Probably R ppens Steen 1929 {12) R esculenta Janesé 19550 19556

(3) R ¢ lesbiana Schisgall & Sawyer 1956 (13) B bufo Jorgen en 1950

{4) R clamutans Schm dt Niclsen & Forster 1954 (14) R esculenta Heller 1930

(5) Bufo regulans Ewer 19526 (15) R piprens Sawyer Travis & Levinsky 1950
(6) B regula 15 Ewer 19522 (16) R ‘catesbriana Sawyer & Sawyer 1952

(7) B ma nus Sawyer 1956 (17) B a tnarum Novell 1932

(8) R tempora 1o Heller 1941 (18) B regula s Ewer 1951

(9) R piprens Sawyer unpublished (19) B carens Ewer 19526

(10) R temporana Jorgensen 1950 {20) B manmus Sawyer & Sawyer 1952

t Total ant d uret ¢ effect measured not tubular effect alone

The interpretation given here for the function of neurohypophysial hormones 1n
the Amphibia brings this function nto line with the present interpretation of the
action of the antidiuretic hormone 1n the mammalian nephron (Fig 5} Itissupposed
by most investigators that 1n the mammal about 8o per cent of the filtered solute 15
reabsorbed by the proximal tubule the free water formed by prowmal solute re
absorption diffusing back nto the blood either here or through the thin segment
(Smith 1951) so that the urine delivered to the distal segment] 1s again 1sotomie with
the blood though reduced mn volume by four fifths Free water becomes available for
excretion 1n the distal tubule where most of the remaining sodium 1s actively re
bsorbed (Wesson & Anslow 1952 Smuth 1952) During water diuresss thus free
water diffuses so slowly through the relatively impermeable emthelium of the distat
tubule that 1t escapes reabsorption Up to this pomnt the mammalan distal tubule
bears a close resemblance to the amphibian tubule

In the mammal however during antidwresis the urine may be concentrated to
an osmotic pressure above that of the plasma an operation which involves directly

1 The terms distal's gment asu d her ndicates a funct onal port on of the nephron between the th n

s gment and the concentrating mechanism  as dehned below but cannot be ident fied as yet w th any specific
anatom cal portion of th  d stal tubul or connecting tubule n the Amphibia or mammals
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or mdurectly, the active reabsorption of water 1 contradistinction to the passive
diffusion with which we have been concerned up to this pomt Reasons have been
given for believing that this concentrating operation (7% ) 15 phystologreally and
anatomucally distinet from the mechanism of water diuresis (Wesson & Anslow, 1952,
Smith, 1951, 1952, 1956) This concentrating operation may or may not be continu
ous, but 1t removes water from the urine subject to two himttations 1t 1s imited by a
maximal rate (ml /min ) when the volume of unne delivered to 1t 1s large, while
at lower volumes 1t 15 hmited to 2 maximal osmotic U/P ratio Berliner & Davidson
(1956) have recently reported that during acute reduction of filtration rate m one
kidney in hydrated dogs otherwise showing maximal water diuresss, the urnine may
be concentrated to an osmotic level above that of the plasma, implying that the
concentrating operation proceeds independently of the presence of the antidretic
hormone

In this view the degree of urinary concentration 1n the mammal 1s determined
therefore largely by the volume of water delivered to this concentrating mechanism
We do not know how this concentrating mechanism acts, but reasons have been
given for believing that this concentrating mechamism 1s located m the collecting
ducts (Smuth, 1956) If 1t 15 supposed that the antidiuretic hormone increases the
permeability of the dist1l segment to water then during antidiuresis the volume of
water delivered to the concentrating mechanism 1s reduced and the urine 1s corres
pondingly more concentrated by the operation of the latter As matters stand, diuresis
and antidurests can then be explained in the mammal simply in terms of an increase
n permeability of the distal segment to water under the mnfluence of the antidiuretic
hormone This increase in permeability since 1t involves reabsorption of water only
up to the 1sosmotic state, could be interpreted mn terms of 2 change 1n pore size as
the evidence indicates to be the case in the shin, and as we have inferred to be the
case 1n the frog bladder and the amphibian nephron
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or ndirectly, the active reabsorption of water 1 contradistinction to the passne
diffusion with which we have been concerned up to this point Reasons have been
quven for behieving that this concentrating operation (T ) 15 physiologically and
anatomucally distinct from the mechamism of water diuresis (Wesson & Anslow, 1952,
Smuth, 1951, 1952, 1956) This concentrating operation may or may not be contmu
ous, but 1t removes water from the urine subject to two hrmtations 1t 15 limited by a
maximal rate (m! /min ) when the volume of urine delivered to 1t 15 large, while
at lower valumes 1t 1s limited to a maximal osmotic U//P ratio Berliner & Davidson
(1956) have recently reported that during acute reduction of filtration rate 1n one
kidney sn hydrated dogs otherwise showmg maximal water duresss, the urine may
be concentrated to an osmotic level above that of the plasma, xmplymg that the
concentrating operation proceeds ndependently of the presence of the antidwretic
hormone

In this view the degree of urinary concentration 1n the mammal 1s determined
therefore, largely by the volume of water delivered to this concentrating mechanism
We do not know how this concentrating mechanism acts but reasons have been
given for believing that this concentrating mechimsm 15 located in the collecting
ducts (Smuth, 1956) If 1t 15 supposed that the antidsuretic hormone 1ncreases the
permeability of the distal segment to water then during antidiuresis the volume of
water delivered to the concentrating mechanism 1s reduced and the urme 1s corres
pondingly more concentrated by the operation of the latter As matters stand, diresis
and antrdiwuresis can then be explained in the mammal simply 1 terms of an mcrease
n permeabihity of the distal segment to water under the influence of the antidraretic
hormone This ncrease mn permeability smce 1t mvolses reabsorption of water only
up to the 1sosmotic state, could be interpreted mn terms of a change in pore size, as
the evidence indicates to be the case m the skin, and 1s we have mferred to be the
case n the frog bladder 1nd the amphibian nephron
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made up entirely of thin bmb tissue In man the incidence of long loops 15 only
nhout one m eight

Sawper In following what Dr Wirz has said may I mention a fact which 1s frequently
mentioned as evidence against his theory that s the low incidence of long thin loops
in man, wnd the lack of wny correlation between the number of long loops and con
centrating ability 1n kidneys from mimmals in general His theory does not require
however that every nephron has a long loop If only one out of four or six had a
long thin loop the hypothetical counter current system would still account for the
final concentration of urine 1n the collecting ducts since the volume of urine that
must be concentrated 15 in the antidwaretic state greatly decreased during passage
through the distal convolutions

Iterz I think that the short loops may nevertheless be called loops
Sawyer Yes

de 1t ardener When the urine 15 hypertonic m the collecting ducts 1t 15 1n equilibrium
with the thin loops that 1s why the unne 1 the collecting ducts 1s hypertonic Is that
right?

T irz There cannot be much difference

de Wardener And when the urme mn the collecung ducts 1s hypotonic you suggest that
the fluid 15 150 osmotic Is that right?

Mirz My assumption 1s that in the absence of the antidwiretic hormone the descend

ing imb 1s virtually impermeable to water Then kidney function would proceed as
1f there was no counter current system The multiplying action of the counter

1current depends on the entering of a (shightly) hypertonic solution into the ascending
imb

de Wardener My difficulty 1s that you suggest that there 15 equilibrium between the
thin loop and the collecting tubules only when the kidney 15 passing hypertonic
urme, but this 1s prevented when the urine 1s hypotonc

Hirz This1s why I have to assume that the antiduretic hormone influences the water
permeability 1n the collecting ducts as well (see the last figure of my paper)

Sauyer T do not feel that 1t 15 necessary to postulate that the hormone alters the per
meability of the thin limb or the collecting duct to water If enough water 1s available
the reabsorption of water by the final concentratimg mect (Tyo)1s

under all condttions 1 which 1t can be measured (refer to my Fig 5) Itis limited by
a maximal urine osmotic pressure or by a maximum rate of water reabsorption We
have previously assumed that thus 15 an active transport of water and hke other
active tubular tran ports 1t has a maximum rate (7, o)

1 do not see that 1t 1s mconsistent with your theory 1if we assume that T, . 1s
going on continuously to the extent of say 5 per cent of the filtration rate whl;:"l(
least that much free water 15 deli ered to 1t from the distal tubule We don ¢ hase to
Ppostulate any changes in Ty o 1 diuress and antidwress If in diuresss perhaps
15 per cent of the filtered water 1s presented at this level and Ty o reabsorbs 5 per
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Dascussion
Charrman H Heller

1wz There 1s 1 shght difference 1n definition between Homer Smuth s termmology
and that which T have used Smuth calls everything after the ending of the thin
lmb distal What I have punctured 1s the consvoluted part of the distal tubule If
we allow for the differences 1n definition then Dr Sawver and I are in much greater
agreement than mght appear

Sawyer 1 entirely agree I meant to pomnt that out myself Although there 1s hypo
tonic urine i the distal convolutions, 1t does not rule out the possibility that 1t 15
1sotonic at the end of the thin imb

Dale T am snll a httle puzzled Not having followed the modern developments m
renal physiology, I find 1t a little difficult to relate these 1deas to my conception of
the structure of the nephron When you say distal hmb what do you mean® What
15 the loop of Henle doing? I got the impression that Dr Wirz and Dr Sawyer were
using the word distal in different senses

Wirz Next to the glomerulus we have what 1s commonly referred to as proximal con

voluted tubule It consists of a convoluted part and a pars recta which passes down
beneath the cortico medullary boundary In the outer zone of the medulla 1s the
begmnnng of the thin imb which may be long or ‘short The thin imb gives way
to the thick, ascending limb of the loop of Henle This segment touches the glomerulus
of the same nephron, and what I call the distal convolution starts at this pont The
end of the distal convolution 1s defined by the branching of the collecting duct This
15 a somewhat arbitrary defimtion but 1t 1s very convenient as the two end points of
my distal convolution are easily recogmzed 1n post mortem mucrodissections All
my distal’ micropunctures are located between these pornts Homer Smith would
mclude the thich ascending imb of the loop in what he calls the distal system

Sauper We use the term distal system to mean anything past the thin hmb
Dale Where does the concentrating start?

I1rz T have found by micropuncture the urine in the proximal part of the distal
convolutions to be hypotomic 1n both dwreuc and antidiuretic states In the distal
parts of the distal convolutions the unine 1s hypotonic 1n the diretic state and 150

tonic 1n the concentrating kidneys So some of the diluting process must occur some

where 1n the ascending limb, and the concentrating process somewhere lower down
1n the collecting duct

Bargmann Would 1t be possible that this segment s rather long? Maybe the ‘Haupt

stuck with brush border reaches the bend

Wirz There arc wide species differences among mammals In rats and hamsters
there are mostly what I think the antomusts call long loops 1n which the bend 15
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Neurohypophysial hormones and the mammary
gland

by

A T COWIE and § J FOLIEY
Natwnal Instuute for Research in Dayng Shinfield heading

THE phenomenon of lactation can be considered as comprising two main phases

first, the phase of milk secretion 1n which the milk 15 synthesized 1 the alveolar cells
and passed from the cytoplasm of the cells into the alveolar lumen and secondly
the phase of milk removal 1 which there 15 a passive component—passive with

drawal—and an active component—muilk ejection (for terminology sce Cowie
Folley Cross Harris Jacobsohn & Richardson 1951) These two phases were
recogmzed many years ago by Games {(1915) who remarked that mulk secretion m
the sense of the formation of the milk constituents 1s one thing the ¢jection of the
milk from the gland after 1t 1s formed 15 quite another thing Unfortunately this
distinction was overlooked by many investigators 1n the field of lactational phystology

Much confusion thereby arose and the necessity for disunguishing these two phases
was stressed by one of us Folley (19476) and again by Cowie et a! (1951) We now
propose to consider the roles which hormones of the neurchypophysis may play m
these two phases

MILKR REMOVAL

It 1s convenient to start wrth a consideration of the second phase since more 1s at
present known of the role of the neurohypophysis mn this phase In the lactating
mammary gland the greater portion of the mulk secreted by the alveolar cells re
mams within the alveolar lumen and fine ducts 2 smaller portion passing into the
large ducts and crsterns (or sinuses) This smaller portion can be immediately removed
by the action of suckhng or milking or by cannulation The physiological contractile
mechamsms of the gland play no part in the removal of this fraction of the milk and
the process may be described as one of passiwe utthdrawal The larger portion of the
mulk 1n the alveol: and fine ducts must be actively ejected from these posttions by the
mtervention of the special contractile tissue of the mammary gland 1nto the large
ducts and cisterns before 1t becomes available to and can be withdrawn by the suck

Ing young or the hand milker This process of milk gection 15 believed to be brought
about by the reflex contractton of the myoepithelum (see Plate 1} which forms a
network over the stromal surface of the alveol (Richardson 1949 Linzell 1952) In
agnicultural arcles the milk ejection process 1s commonly termed the let down of
milk The misleadmg and mappropriate nature of this term was first stressed by onc
of us some years ago (Folley 19476) and later the term mulk ejection was recom

mended by a group of workers 1 this field (Cowse ¢zal 1951 and Cowie Folley &
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cent that still leaves 10 per cent for excretion That 15 a fairly high rate of urne
flow In the presence of antidiuretic hormone however, the volume of urine delivered
from the distal tubule 1s redured and T% 4 acts to concentrate this smaller volume
to an osmotic pressure thove that of plasma Our theory presented here 1s somewhat
simpler than yours in that 1t requircs only one site of action for the antiduretic
hormone, namely the distal tubule

rz T do not see any serious objection to this T assume an impermeable collecting
duct 1n the absence of antidwretic hormone because 1n my expeniments ureteral
urine 15, 1if anything, more dilute than distal tubular flmd Thus I have some difficulty
m visulizing the passage of water in an absolutely fixed amount not dependent upon
1 concentration gradient

Sauper 1 was assumung here that 7%, proceeds continuously with or without antt
duuretic hormone There are Berliner s experiments 1n which he was able to produce
2 hypertonic urme 1 a dog 1n maximal water diuresis If he reduced the filtration
rate of one kidney to the corrcct level, he could get a definitely concentrated urine
even though the urme secreted by the other kidney was maximally dilute This seems
to be due to the fact that he has reduced the volume of fluid delivered to the con
centrating mechamsm (7% o) so that this mechamism whatever 1t may be, 15 taking
out enough water to make the urtne hypertonic Shannon, of course, saw the same
thing 1n the diabetes insipidus dog when the GFR was low, but the criticism can
always be levelled that the absence of antiduretic hormone was not complete

Cole 1 would like to ask Professor Wirz a question about the multiphication principle
he has described

In the paper by Hargitay & kuhn (& Elektrockem 55, 539 1951), there 15 1
diagram suggesting that water goes from the collecting duct into the ascending Limb
of Henle sloop 1n Professor Wirz s diagram he suggests that 1t goes into the descend
ing imb So far as the system 15 concerned 15 this of any importance or 1s the water
taken up from the collecting duct primanly removed by the blood vessels

27z 1 think m the first paper of Hargitay & huhn m which they describe ther
artificral model they had just imbs and no iterstitial spaces At that time we
thought too little of the effect of the blood circulation and only after we found 1n the
golden hawmster that the concenteaton of the blaod goes up as bugh as the concentr1
tion of the urine we became 1ware of the fact that the blood 1s an integral part of the
whole concentrating mechamsm Now I think that 1s not the ascending or the de
scending limb but mostly the blood which carries the water away



Plate 1

Sect on of part of the urface of a contracted al eolus from the mammars gland of
the goat show ng a m oep thelial cell w th nucleus ( and branching processes
1From Ruchardson 1949 )
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Ruchardson, 1954) The term ‘milk gjection’ wAs first used by Gaines m his classical
paper i 1915 and we still constder it to he the best yet brought forwrd or mvented
for use 1n scienufic Iiterature to describe this process

MILA EJECTION REFLEX
Aeuro hormonal arc
The reflex contraction of the myoepithehal cells 15 normally brought about by
the sumulus of suckling or milking Like other reflexes, this milk gjection reflex can
be conditioned In the mulhing shed the cow readily becomes conditioned to a
varety of wditory tactile and visual simul assocrated with the act of millng such

Pressure m udder cistern (mm Hg)

Hours after mitking

Figure 1

Mk pressure curve (cow) between one milking and the nevt showing the reéaction to the m lking snmulus
on mifh however being  1thdrawn  Arrows indicate application of stmulus (Redrawn from T ¢t ef 1926}

as the rattle of milk buckets washing of the udder and appearance of the milking
machines It can also be conditioned experimentally to the ringing of a bell (Graces

1952) Waller (1938) 1n his book has descnibed similar examples of conditioning m
lactating women The milh ¢jection reflex mamfests stself by a sudden rise 1 the
mulk pressure 1 the mammary gland This rise 1n pressure 1s well illustrated in Fig 1
taken from 1 paper by Tgetgel (1926) which shows the curve of increase of milk
pressure in the mammary aistern of 1 cow between one milking and the next Two
successive applications of the milking stimulus at times marked by the arrows pro

duced 2 sudden ncrease m the pressure of the milk within the cistern which soon
subsided ¢ven though no milk was withdrawn The milk gyection reflex 15 thus the
means by which the actne but unconscious partictpation of the Iactating mother
comes mto play so that the full yield of mulk can be obtained by the suckhing young
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or by the milker Exen after normal milk ejection however, the gland cannot be
completely milked out and there 1s always a small quantity of milk left 1n the gland
Ths ressdual milk can only be obtained 1f oxytocin be myected

The milk ¢jection reflex was once believed to consist of a purely neural arc but
as we shall see there 1s now much evidence for the view that the arc 1s a neuro
hormonal one the efferent component of which 1s a hormone 1 all probability
oxytocin released from the neurohy pophyss into the blood stream On reaching the
mammary gland this hormone 1s beheved to evohe the contraction of the myoepithel
um

Itisover forty years since Ott & Scott (1911) and Schafer (1913) observed that the
milk gjection reflex could be mimicked by the injection of extracts of the posterior
lobe of the piturtary Games (1915) carried out a sertes of experiments on the mlk
ejection reflex and he showed mfer aha that anaesthesta abolished the reflex mn the
nursmg bitch and that this mhibition could be overcome by the mjection of postertor
piturtary extract (Fig 2) Despite hus clear cut results which today would be inter

o] o]
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Time in minutes

Fiure 2

M 1k flow curves from a bitch under normal cond tons and unde the anaes
thesa \rrows nd cate injection of posterior ptu tarv ext act (Redrawn from
Ganes 1915

preted as strongly suggesting a physiological role for the neurohypophysis in mulk
gjection Games regarded the milk ejection reflex as a neural arc and the action of
posterior pitmitary extract as only of pharmacological wmterest It was not until
fifteen years later that Turner & Slaughter (1930) suggested that the milk gjection
reflex mught act through the posterior prtustary gland It was another eleven years
before thns possibility was further explored and 1ts practical significance reahzed

Ely & Petersen (1941) showed that milk ejection could occur n Tesponse to the
normal milling stimulus 1n the half of the bovine udder 1 which the two nerves
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Neurohypophysial hormones and the mammary gland

Tabte I

mounts of ovytoctn and 1asopressin tn posterior prtutanes of goats
{Unpublished work of \Margaret H T Dodd cited by Follev 19522)

No of goat Sex | Age ‘ \ asopressin . Oxytocn
| , 1U/mg dn tissue | IU/mg dry ussue

\on lactatn, goats

393 2 6 months 0708 08
38tz 8 1g ! 18
342 ) a 2} vears | o5 ) ob
!
i

Lactatine goats unmilked for 24 hr before autopsy
316 $ | 2vears 06 i 08
326 | 2 L 0b | 06
338 2 ) 2 08 ~07
100 2, 6} } 08 08

Lactatin goats hilled 1mmeduately after milhing out

79 ? 8 vears o7 06y

127 I 6 ~06 ~1 0
165 2 5 08 0810
291 2 3 o6 o8
232 ‘ 2 4 08 0810
222 ¥ 4 06 10
226 ] 1 028 (% o7

]

given results which are at present difficult to evaluate Stutinsky (19;3) reported that
twenty four hours after partunition n the rat there was a dramauc loss of neuro

secretory material from the neurohypophysis which did not occur if suckhng was
prevented Malandra (1955) also reported a reduction of neurosecretory matenal
mn the neurohypophysis of the rat during early lactatton Other workers have ob

served a loss of neurosecretory matenal in early lactation in the gumea pig (Collin &
Racadot, 19,3) and mn the mouse (Bnghtman 1955) On the other hand Drager &
Rennels (1955) could find no consistent alteration 1 the amount of neurosecretory
matenial i the rat neurohypophysis assocrated with partunition or lactation While
studzes on the effect of the milking or suckling simulus on the amount of hormonal
©r neurosecretory matenal m the neurohypophysts have added no convincing evid

ence 11 support of the neurohy pophy sial participation 1n the mulk ejection reflex 1t 1s
equally true that they provide no evidence against such a view

Antrduresss

Indications have been obtaned by another procedure that the milk ejection reflex
mvolves activation of the neurohypophysis The occurrence of an antidraretic effect
of the posterior prtutary type shortly after the application of the suckling or milking
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believed to carry all the cfferent fibres to the gland, had been cut Evidence was also
obtamed that both the reflex and the action of mjected oxytocin could be mhibited
by the mjection of adrenaline thus providing an explanation for the well known
observation that fear or pain may inhibit the normal milk ejection reflex It was
further shown that blood collected from cows after sumulation produced ejection of
milk when perfused through the tsolated cow udder (Petersen & Ludwich, 1942)
Petersen and his colleagues concluded that the mlk ejection reflex embodied a
neurohormonal arc and that the reflex could be imitiated by the suckling or milking
stimulus or by simuh ansing from the sight or sound of events which the cow had
come to associate with the beginning of milking It was further postulated that once
oxytocn was liberated mnto the blood stream 1t was quickly mactivated and hence
rapid milking was desirable to obtain proper emptying of the gland This work of
Petersen aroused wide interest because of its physiologieal and pracuical importance
Despite the ttractiveness of his postulates, however the experimental evidence on
which they were based w1s scanty and our colleague Mrs M H I Macaulay (1951)
reviewing the hiterature some ten years later concluded that there was nsufficient
evidence to do any more than suggest that the neural lobe participates m mik
¢jection In the last five years however more evidence has accumulated to confirm
the role of the neurohypophysis in milk gjection and we shall now briefly consider
this evadence

Hormone content of neural lobe

Attempts to demonstrate alterations mn the hormone content of the neural lobe
following the suckling or mitking stimulus have led to no clear conclusions Mrs
M H I Dodd (formerly Mrs Macaulay) in our laboratory, compared the oxytocic
and pressor hormone contents of the neural lobe of gonts hilled before milking with
those of the neural lobe of goats killed :mmeduately after milking, (Table 1) but ob
served no sigmficant depletion of either hormone (see Folley 1g9524) Subsequent
experiments both 1n our laboratory and by Denamur & Martinet (1953) suggested
that the quantity of oxytocin necessary for evoking mulk ejection 1n the goat was only
1o per cent ot perhaps much less of the total hormone content of the gland and 1t 15
therefore hardly surprising that no sigmificant depletion was observed since the small
quantity of oxytocin released may have been well within the limts of error of the
assay procedure Similar experiments in the cow by Winttlestone, Bassett and
Turner (1952) likewise failed to show any appreciable depletion In some smaller
species however (the dog, cat gunea pig and rat) a pronounced decrease in
oxytocic actinity of the pituitary has been observed during lactation by Dicker &
Tyler (1953) This observation has been confirmed 1n the case of the dog by van
Dyke Adamsons and Engel (1955) and i the rat by Professor Fromageot as he has
reported to us 1n his paper to this sympostum It s possible that the differences m;l\‘)\'
represent species vanation 1n the amount of oxytocin necessary to produce m:
gjection or 1n 1ts replacement rate following hiberation

Neurosecretory material
Histochemical studies on the varations in amount of the neurasccretory material

present 1n the hypothalamus and neurohypophysis during lactation have Iikewrse
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clectrical simultion of the hy pothitamus and interruption of nerve tracts within the
hypothalimus by electrolytic lesions Cross & Harrs (1950, 1951 1952) showed that
electrical sttmulation of the supraoptico hypophystal tract caused milk ¢ection 1n
the anaesthetized rabbit Rabbuts, moreover wath lesions in this tract failed to exhibit
milk ejection on clectrical siimulation of the tract central to the lesion and the htters
of these rabbits were unable to obtan significant quantities of milk on suckling unless
the mother was mjected with oxytocin Andersson (19514, 4) evoked mulk ejection
1n lactatmg ewes and goats by electrical stimulation of hypothalamic centres n or
adjacent to the supraoptic nucleus Andersson concluded that these responses were
undoubtedly hormonally mediated because they could be elicated during sacral
annesthesi1 or 1 denervated udder halves He further showed that blood taken from
1 goat immediately after electrical stimulation evoked a prompt flow of milk from
the cannulated teats of another lactatmg anmmal on intravenous mjection thus
demonstrating that the stmulition had caused the discharge of a mulk gection
hormone 1nto the blood stream

Posterror lobectomy

Experiments on the effect of removal of the neural lobe on the milk ¢jection reflex
have given results which are at first sight confusing Smmth (1932) m a study on the
effect of ablation of the posterior lobe on parturition n the rat observed that rats so
treated could raise their young and he concluded that removal of the posterior lobe
did not seriously affect lactation Houssay (1935) also clarmed that bitches lactated
normally after removal of the posterior lobe On the other hand Harnis & Jacobsohn
(1952) m the course of studies on the transplantation of the pituttary n the rat ob
served that hypophysectomized rats possessing functional anterior pitwitary grafts
could only rear their young if regularly injected with posterior pituitary extract In
agreement with this are the observations of Cowie (quoted by Folley 1952a) that
when the postersor pituitary 1s removed from rats on the fourth day of lactation such
rats are unable to raise therr htters unless injected two or three times daily with
oxytoem An explanation of these contradictory findings on the effect of posterior
lobectomy may be forthcoming from some recent experiments by Benson & Cowie
(1956) who have confirmed that the milk ejection reflex 1s abolished 1n the rat after
posterior lobectomy but that 1f such rats again become pregnant they then rear their
second litter without requiring myections of oxytocmn (Fig 3) In the rat at least 1t
would appear that on removal of the neural lobe other parts of the neurohypophysts
—the neural stalk or the median eminence—can take over the function of the
posteror lobe 1n the milk ejection reflex Benson & Cowie by measuring the volume
of the neurohypophysial tissue from serial sections have demonstrated that after
posterior lobectomy the neural stalk hypertrophies (Table ) This 15 1n agreement
with the findings of Stutinsky (1952) and Billenstien & Leveque (1955) who report
that after hypophysectomy there 1s an hypertrophy and reorgamization of the end of
the stall. which gradually assumes the appearance of a small neural lobe It 1s of
nterest to note that whereas there was at least a partial restoration of the milk
ejection reflex the rats continued to show diabetes imsipidus (Table m) Further
expermments are 1n progress to decide how long after removal of the neural lobe 1t 1s
before the mulk ejection reflex reappears Since Smith (1932) lobectomized his rats
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stimulus has been demonstrated n the water loaded ammal Such results have been
obtuned i the rabbit by Cross, (1950) the cow by Peeters and Coussens, {1950),
the womn by Kalliala and harvonen, (1951) and the bitch by Kallila, Karvonen
and Leppanen (1g52)
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Growth curves of hitters of {a) control rats (4) (8) rats (5) lobectomnz d on fourth

day after parturition 3nd recetvng ovytorn (0 75 U ) intraper toneally wrice

daily from day 5 to day 13 (c) same lobectomized rats in sccond lactat on but
recenang no oxytocin

lestons

Hypothalame stumulation and

"f‘hc most convincing evidence however of the intervention of 2 hormone oll' the
curohypophysis 1 the milk giection reflex comes from expenments imolving

n
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the posterior lobe possess milk ejection activity  the oxytocic fraction 15 much more
actne n this respect than the pressor fraction (for references see Folley 1954)

Howener, the activity of the pressor fraction 15 considerably more than ¢n be ac

counted for on the bass of contamination with the oxytocic factor The earlier ex

penimental evidence relating to this question was discussed by Folley (1954) whe
concluded that in view of the uncertainties associated with the present assay pro

cedures for oxytocin 1t seemed reasonable on the basis of the available evidence to
believe that mill ejection and oxytocic actiities are facets of the same biological
activity charactenstic of the oxytocic polypeptide and that both acuvities are also
possessed 1n some small degree by the vsopressor polypepuide Studies on the ughly
punfied or synthetic poly peptides of du Vigneaud have now confirmed this view (for
references see review by van Dyke Adamsons & Engel 19,55) and the discrepancies
ansing from different assay procedures are well illustrated by the recently published
data of van Dyke, Adamsons and Engel (1g,5) which show that when punfied
oyloctn 15 assayed by three different procedures (rat uterine avian depressor and
milk cjection methods) the potency 15 the same m afl cases but when punfied
rasopressin 15 assayed by these methods the potency as determined by the avian

depressor and mulk ejection methods is about three times that obtamed by the rat

uterine method

Inkibiton of mitk ejection reflex

Of great scienufic and practical interest are the experiments on the various physio
logrcal and psychological factors wiich may wterfere with or tubit, the normal
milk ejection reflex It has long been known to the farmer that fright or discomfort
can inhibit the milk ejection reflex in the cow (Ely & Petersen 1941) Climicians have
made similar observations regarding the nursing mother (\ewton & Newton, 1948)
As previously stated the possibility that sympathetic actrvity mght play a part n the
phenomenon was suggested by Ely & Petersen (1941) who found that the injection
of adrenalinc mterfered with milk ejection in the cow They behicved that the sup
Ppression was peripheral 1n nature and occurred 1 the udder Inhibition of mulh
ejection by injection of adrenaline has been reported in the sow by Braude & Mitchell
{1952) and i the rabbit by Cross (19,3) The nature of this inhibatory process has
been extensively studied by Cross (1953 1955a) who showed thatn the anaesthenized
rabbit stmulaton of the posterior hypothalamus mhibits milk ejection 1n a manner
stmlar 1o that of physiological doses of exogenous adrenaline He showed moreover
that adrenal b the mhibitory effect of posterior hypothalamic simula
tion Cross was of the opimon that constriction of the mammary blood vessels was
the magor factor involved 1n this penipheral block of the mammary response to ar
culatng oxytocm and recent studies by Linzell (1955) on the action on the myo
epithehum of topically applied drugs support this view \hile the expeniments of
Cross clearly showed that central sumulanon by causing sympathetico adren-al
wctrvrty could inhibit the milk ejection response to oxytoan Cross was careful to
Ppoint out that 1t did not necessarily foflow that this mechamism was the one normally
n action 1n the conscious animal suckled under conditions of emotional disturbance
In a further senes of expenments Cross {(19556) showed that the maimn factor 1
emotional inhibition of mulk ¢jection 1n the conscious rabbat was a central black of
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some weeks before they became pregnant it 1s likely that the reflex was at least
ptly functional by the time suckling started

TasLe 11

Folume of residual kypophysial tissue wn the rat after Fypophysectomy and  postertor lobectomy
(From Benson & Cowie 1956 )

Volume (mm %) of

Treatments !
. Anterior lobe | Intermediate Iobc{ Neurchj paphysis
i
Control rats (7) 3213023 ‘ 0164001 [ 360 01
! ! (stalk +median
emnence =
| or1oto or)
Posterior  lobectomy  killed 2 3340 31 | — ’ 0 0940 o1
immedately after aperation | !
(
Hypophysectomy killed im | — — | oog+oor
mediately or within 14 davs : |
of operation (13)
Posterior  lobectomy  killed 2 46 +0 22 (0027 mone ! o15+oor
4-5 months after operition / rat only}
(14) i

It 15 apparent from what has been said that the evrdence for the neuro endocrine
regulttion of milk gjection by 1 pathway mvolving activation of the neurohy pophysis
1S IMpressive 1n amount and 1n sum convincing

Tasre IIT

Effect of postertor lobectomy on urine production in the rat
{From Benson & Cowie 1956 )

Mean urine volume (ml ) over 48 hr period

T
After tst I After znd Before
lactation lactation killing
)
Control rats (5) “ 27425 . 22422 20420
Postericr Jobectomy (17) [ 5349 h 49+45 38440

The nature of the milk gection hormone
It 15 now necessary to consider brefly the nature of the milk grection hormone It
has uniformly been found that while both the oxytocic and vasopressor fractions from
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who suggest that the chemotransmutter for the release of gonadotrophins may be
carrted 1n the neurosecretory matenial associated with the hypothalamic nucler and
hypothalamo hypophysial tract, thus mmplymng an itegration of anterior and
posterior lobe functions In this connexion there have been m the past few years
several studies on the possible control of adrenocorticotrophin release by postertor
pitary hormones (Fraja & Martint 1952 Mirsky Stein & Paulish, 1954, Barrnett
1954 Scharrer & Scharrer 1954 Shmbusawa Saito Fulkuda, Kawar & Yoshimura
1955 and Martim & Morpurgo, 1955)

Neurokypaphysis and control of secretron of lactogemc and galactop
The fact that the suckling shtmulus as we have seen appears to play a central
role 1n the two mun phases of lactation—mlk secretion and mulk ejection led us to
speculate whether the reflex release of oxytocin mght not provide 2 hormonal hink
between these two phases This concept that the release of the lactogemic and galacto
poretic factors from the anterior lobe may be controlled by oxytocn 1s an mntriguing
one smce 1t would provide a simple explanation of how the hormonal integration and
co ordmation of mammary function s achieved The ovytocin liberated as a result
of the suckling or mulking stimulus would thus not only cause contraction of the
myoepithelum and ejection of mulk from the alveolt, but would hiberate the lactogemc
and galactopoletic f1ctor(s) from the antenor lobe which are necessary for the main
tenance of further secretion of mulk by the alveolar cells
In order to test the valdity of this concept Mr Benson in our laboratory has been
carrying out some preliminary experiments which have so far given encouraging
results (Benson & Folley 1956) One approach to this problem has been to mvest:
gate whether the rapid involution of the mammae which occurs after weaning can
be prevented by frequent injections of oxytocin It will be recalled that Wilhams
(1945) mvestigating Selyes theory has demonstrated that these involutionary
changes could be retarded by the mjection of prolactin just as they could by suckling
and 1t should therefore be possible to get a similar retardation with oxytocin 1f
oxytoan can release prolactin In Mr Benson s experiments the pups were removed
from 44 lactating rats on the fourth day of lactation Eight of these rats were kept as
controls and received daily injections of 1 ml saline intraperitoneally three times a
day The remamder were divided mto three groups of 12 and given respectively
025 1o0and 15 IU oxytoan mntrapentoneally three times a day Four of the
anmimals 1n each of the oxytocin treated groups were killed after 3 6 and g days of
treatment Four controls were killed after 6 and g days of treatment Histologrcal
sections of the left abdominal gland were prepared and classified subjectively accord
ing to the degree of glandular involution which had occurred and also by a quantita
tve procedure based on measurmg the mean diameter of the alveoli No differences
were detected between the control glands 6 days after weamng and those recerving
oxytocn for 3 and 6 days Involution was markedly retarded however 1n the glands
of the animals recenving oxytocm for g days i contrast to glands of the g day control
ammals Sections of glands of the oxytocin treated animals showed mammary alveoh
distended with milk whereas in the control glands there were only scattered 1slands
of small disintegrating alveolt which 1 many places had become reduced to clusters
of epithelial cells (Plate11) In agreement with these subjective observations the mean
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release of oxytocin since the injection of oxytocin could restore normal milk removal
during emotional disturbance Only 1n a few cases was this unsuccessful, indicating a
concomutant activation of the sympathetico adrenal system These experiments of
Cross, moreover, provide further confirmation of the essential role of oxytocin
milk ejection As Dr Cross 1s here with us he will no doubt wish to say something
about his work a1nd we will not therefore deal further with 1t

MILK SECRETION

So far we have been considering only one phase of Inctation namely milk removal
The other phase that of milk secretion, 15 a process hnown to be under the hormonal
control of the anterior pitwitary We need not here go 1nto the debatable question
whether there 15 one lactogenic factor—prolactin or a complex of factors of which
prolactin 15 only a component (for references, see reviews by Folley, 19524 5) but
we now wish to consider briefly whether there may not be an ntegration of the func
tionmng of the two mam phases of lnctation by means of the hormone(s) of the
postertor lobe

It has been recogmzed for some years that the suckling or mitking stimulus not
only results 1n the reflex ejection of milk but also results 1n the reflex liberation of the
Inctogenic and galactoporetie factor or factors from the anterior lobe It may be
recalled that the rapid involution of the mammary gland following weining of the
young was once believed to be due to the effects—perhaps chermical, perhaps physical
—of accumulation of milk within the alveoh The observations of Selye (1934) first
provided an mdication that the removal of the suckhng simulus was a more 1m
portant factor than the non removal of the secretion in causing the onset of mammary
mvolution after weaning Selye showed, wmter alia, that when the mam mulk ducts to
the nipples of the lactating rat were hgated so that milk could not be removed from
the glands, rapid mnvolution of the gland such as occurred 1 non suckled animals
did not occur if suchling were continued Selye and his collaborators suggested that
the suckling strmulus initiated a nervous reflex which elicited the secretion of prolactin
from the anterior pituitary which maintamed the functional activity and structural
integnity of the gland These expeniments of Selye have since been confirmed and
extended by several mvestigators (for references see review by Folley 19476)

The question therefore anscs as to what extent the arcs of these two reflexes
eliaited by the suckling or milking stimulus share common paths Lattle appears to be
known about the afferent neural paths but 1t 1s not improbable that a common path
15 shared s far as the hypothalamus Thereafter the route to the posterior lobe 1s
likely to be z1a the hypothalamic nucler and hypothalimo hypophystal tracts There
1s much less certunty, however about the route followed by stimuli passing from the
hypothalamus to the anterior lobe Harris (1955) considers that there 15 convineng
evidence in favour of the view that the Iink 15 a neurchormonal one achieved by the
Iiberation from nerve fibres from the hy pothalamus of some humoral substance(s) or
chemotransmtter into the primary plexus of the hypophysial portal system It s
believed that this substance 1s then carried mn the portal circulation to the antenior
lobe Vartous suggestions have been made regarding the nature of the chemotrins
mitter substance Some authorities however question ats reality (7ucherman, 1954}
One view of particular interest to us here 15 that of Benoit & Assenmacher (1953)
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the hormone with blood from other parts of the body had occurred Landsmeer
(1951) has shown that such direct vascular connexions from posterior to anterior lobe
are present m the rat Daniel & Prichard (1956) have confirmed and extended
Landsmeer s observations in the rat and are now imv estigating the vascular connextons
between the prtuntary lobes in the sheep (Daniel private commumcation) With
reference to the question of vascular connexions between the lobes of the prturtary,
1t may be noted that if the anteror lobe recen s blood rich m oxytocin direct from the
posterior lobe then m experimental studies 1t may well be necessary to inject ap
parently unphysiological quantities of oxytocin mto the general arculation i order
to achieve the physiological levels necessary for suimulation of the adenohypophysis

In the pst as 1ts name implies the mwun physiological action attributed to
oxytocmn has been its effect in suimulating uterine contractions at parturition although
Harnis (1955) has recently pointed out that unequivocal proof of this role 15 still
lacking We cin, however, now claim with some conviction that oxytocin has another
important and even better established phystological function namely 1ts role n
mulk ejection There 15 moreover as we have discussed the further possibility that
oxytocmn may be responsible for the release of the antenior prtuitary factors necessary
for milk secretion If this be so, then 1t becomes the all important hormonal factor
responsible for the integration and co ordination of mammary function This
possibnlity 15 an attractive one It has both the merit of smplicity and as we have
shown 15 capable of explaming many observations but further investigation 1s
requrred before 1t can be accepted as fact
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alveolar diameter was significantly greater 1n the oxytocin treated ammals (P<
001} While it does not necessarily follow from these expertments that oxytocmn 1s
the normal simulus to the anterior pitwitary causing the release of the galactoporetic
factor(s) under physiological conditions 1t 1s clear that this possible role of oxytocmn
requires further investigation We consider 1t unlikely that these results are due to a
direct effect of oxytocn on the mammary gland because Dr T R Bradley m our
laboratory has found that prolactin alone of a number of anterior and posterior
pituitary principles tested, including oxytocin, had a localized lactogenic effect when
mjected wntraductally into the mammae of surtably prepared rabbits Experiments
are beng planned, however, to study the effects of oxytocin 1n rats hypophysectom
1zed at the time of weaning
Ifthe above views on the role of oxytocin be correct 1t 1s reasonable to believe that
under certain circumstances the repeated mjection of oxytocin mto a lactating
animal might result 1n an increase in milk production by virtue of the release of extra
amounts of the galactopoietic factors from the anterior pitwitary In this connexion
1t 15 most necessary to distingussh clearly between apparent and true increases in
mulk yreld It has long been established that after a normal milk ejection there re
mans 11 the udder 2 quantity of residual milk which can be obtained if oxytoctn be
mjected intravenously This 1s not of course a galactoporetic effect since the extra
milk so obtained will be compensated for by a reduced yield at the next milking unless
oxytocin be again mjected (for references see review by Folley, 1947a) On the other
hand there 15 evidence that when oxytocin 1s mnjected daily over periods of ume a
true increase 1n yield 1s obtained In 1944 Knodt & Petersen reported that the rate
of dechine of the mulk yield 1n cows could be diminished if the residual milk was re
moved by mjections of oxytocin after each milking Ths effect has in the past been
ascribed to the beneficial effects on the functions of the secretory cells of more efficient
removal of mik from the alveoli thus preventing the build up of ntra alveolar
pressure Recent experiments by H G Turner {(1955) and Elliott & Brumby (1955)
however, cast some doubt on this explanation since these workers have shown in
dependently that the increase in intra alveolar pressure does not affect the rate of
secretton until some twenty hours after milling Since the cows n the experiment
of knodt & Petersen were milked at twelve hour intervals the galactoporetic effects
they observed may well have been due to the exogenous oxytocin rather than to the
benefictal effect on alveolar pressure of removal of the residual milk Increases both
1n mutk and butter fat yield of cows following regular myections of oxytocin have been
reported by Adams and Allen (1g52) Sprain Smuth Tyler & Fosgate (1954), and
Donker, koshi & Petersen (1954) It 15 also of interest to note that Donher, ¢f af
(1954) constdered that the increases in yreld observed by them were suffictently large
to indicate that some factor 1n addition to removal of residual milh must be plying
a stimulatory role, and that as early as 1944 Petersen tentatnely suggested that
oxytocin might stmulate the release of [actogenic factors from the anterior preuary
With reference to the above views on the release of the lactogenic and galacto
poretic factors from the anterior lobe 1t 1s necessary to consider the nature of the
vascular connexions betucen the two lobes If there were direct flow of blood from
the posterior lobe to the anterior lobe then conditions would be ideal as the 'mm'mrr
lobe would then receive blood highly charged with oxytocin before any dilutton o
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Zuckerman The histologicnl appearance of the tuber cinereum of the ferret 1s different
from that of the neural process What I am concerned with 1s the belief—and Dr
Pickford knows more about this than I do—that the neural process itself does some

thing 1n the sense of a chemical transformation to whatever hormone may be stream

ng down from the hypothalamus The actual structure of the neural process 1s always
different from the median emmence both before and after stalk section Does
differentiation m the morphological sense really occur in the central stump of the
stalk and transform 1t into a neural process capable of transformmng the presumed
hypothalamic secretion?

Pickford The impairment of milk ejection really does parallel experimental diabetes
msipidus, for if you do an mcomplete section of the tract or if you remove only the
postentor lobe and part of the stalk you then get polyuna for about 10-14 days
followed by recovery to a normal water output Perhaps 1n the dog the time relation
ships may not be the same as 1n the rat, but the general 1dea 15 the same Why this
temparary change should accur we da not know 1t may be a clot

T wish to ask Dr Folley if the second lactation enhances the apparent hypertrophy,
or does this occur 1 the absence of a second pregnancy and lactation?

The effect of oxytocmn on the release of prolactin 1s one thing Dr Brooks and I must
naturally take mto account m relation to sodium excretion by the kidney Does 1t
mean that oxytocin 1s domng something to the anterior lobe and thus indirectly to
the suprarenal cortex?

Coune With regard to the question of the posstble effects of the second lactation
we have not examined sertal sections from amimals after the first pregnancy but I
believe Dr Stutinshy has relevant observations

Stutinsk

1 was 1 d by the find
hear of hus results which confirm my work

1 should Like to show a slide which shows a honizontal section of the hypothalamus
from a rat neurohy pophysectomized two months before A part of the anterior lobe
1s present there 1s no pars mtermedia and the end of the stalk has enlarged This
enlarged end 15 reorgamzed and shows a normal neural lobe structure which reacted
to hypertonic saline n a normal manner

Another slide shows the structure of the neural lobe of a normal rat during labour
This lobe much y sub In the following shdes you can
see the depletion of this material which occurs twenty four hours after parturition

gs of Dr Folley and 1 was glad to

Kuckerman Is 1t a constant finding that a neural process as such 15 redifferentiated
after the defimtive one 15 removed?

Stutinsky In the rat always

Luckerman In at least two other species the ferret and monkey nothing like this
happens Once the neural process 15 destroyed 1t does not reform

G W Harns 1 am disturbed by one aspect of regeneration of the neural process
There 15 a great deal of evidence that the cells of the supraoptic and paraventricular
nucler largely atrophy and disappear after secttoning the supraoptico hypophysial
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Dascussion
Chasrman  Sir 8 Zucherman

Kuckerman Dr Tolley will of course be aware that myoepithelial cells were first
described other thain n the mammary gland Presumably the responses of the
mammary myocpithehal cells to oxytocin, described by Folley and Cowie, are not
assocrited with corresponding responses by sumiar cells 1n other secretory tissue, for
nstance, the salivary glands

When speaking of the rte of growth of young after posterior lobectomy of the
mother, Dr Folley implied that certain changes had occurred 1n the stalk which re
created from what was left of the neurohy pophystal tissue (median emimnence and the
other parts of the stalk) a new neural process, and 1 this connexion he referred to
the work of Stutinsky and others What does he really think happens to the remaining
tissue® Is there any reason why neurosecretory substances should not be emerging
from the central part of the stalk immedhately after lobectomy ? Or 1s he suggesting
that after the operation there 1s some kind of differentiation of the central stump of
the stalk which results 1n the re establishment of the same kind of cellular structure
which we find 1n the neural process?

Coute We have not been 1ble to investigate this yet We merely draw attention to
the fact that after posterior lobectomy milk ejection i response to suckling does re
turn and at the same time there 1s an hypertrophy of the end of the stalk There may
not be any direct connexion between the two things

Ruckerman Ts it concenvable that the fallure of the young to grow after lobectomy of
the mother, 1s related to the operation 1tself?

Cowie Sham operations 1n which the hypophysis 1s exposed but not removed have
no effect on the growth of the young Further, mn a few experiments, I acadentally
removed only half the posterior lobe and 1n these cases the growth curve was 1t
hibited only for part of the first lactation

G W Harns We have observed the tuber cinereum not after postersor hypophy
sectomy but after stalk section and after total hypophysectomy n rats, rabbits and
ferrets We have found that the stalk remnant and medtan eminence show thrombosis
1n the first twenty four hours after operation Together they appear as a small hard
nodule, cherry red 1n colour which 1s 1n contrast to the white hypothalamus Thiss
presumably due to the blockage in blood flow 1n the hypophystal portal vessels Ata
later date the vessels seem to recanalize and the primary plexus of the portal vessels 1s
reformed Recent observations of Dr B T Donovan and Dr J J van der WerfT ten
Bosch (Proceedings of Physiological Soctety 20-21 Apnl 1956) show that after pitwitary
stalk section 1n the ferret the median eminence appears as a globular mass nstead of
as a flat plate when view ed in sagittal section They have not yet made measurements
of the tissue volume of the tuber cmereum in the ferret but simple mspection of the
the impression that the tuber cinereum has increased in mass I wonder :f

es
shides gt the temporary inhibition of milk gjection described

these observations mght explam
by Dr Cowze and Dr Folley
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Bargmann May 1 add a detail about the connexion between the neurosecretory system
and the adenohypophysis, they are connected by special vessels in the infundibular
wall, vessels which are surrounded by thick and swollen fibres contarming neurosec
retory substance This may be the site of kiberation of hormone 1nto the blood vessels

Martim In connexion with Dr Folley s observation that oxytocic hormone seems to
stimulate the relense of lactogemic hormone we (Martim1 & Morpurgo, Nature, (Lond )
175, 1127 1955, Marti1 & de Poli, ¥ Endocr 13,229 1956) have shown, that both
the antrduretic and the oxytocic hormone may produce the release of corticotrophin
and thyrotrophic hormone These experiments appear to indicate that antidiuretic
hormone and oxytocin may act as neurohormonal agents linking the hypothalamus
to the adenohypophysis

Folley With regard to Dr Pickford s remarks about the rats in the second lactation
m which the milk ¢jection reflex had returned at least for the greater part, 1t should
be noted that the rats still exhibited polyuria

Cowze 1certainly agree with Dr Chester Jones about the difficulty of neurohypophy
sectomy 1n the rat and because of this we made careful measurements of the volume
of neurohypophysial tissue present both 1mmediately after lobectomy and several
months later We found a sigmficant mcrease 1n volume We did not measure water
ntake but immedaately after the first lactation the lobectomized rats were excreting
twice the volume of urine excreted by the controls They were stll excreting twice
the volume after the second lactation
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tract There 1re scveral people mn this room, for example, who have published
figures showing a greatly reduced number of cells in these nucler after hypophy
secto‘my It s difficult to see, therefore, 1f the hormone 1s orginating 1 these nuclet,
how ‘regeneration at a lower level in the system, that 1s at the end of the stalk, could
increase the discharge of neurohypophystal hormone It would seem better to replace
the term ‘regeneration by ‘reorgamization It certainly seems possible that the
thrombosed region of the tuber cinereum and pitwitary stalk, following stalk section
or hypophysectomy can become reorgamized in the sense that the vessels are re
canalized and the region once more takes over the function of discharging posterior
piturtary hormones 1nto the blood stream

Sloper T wish to make a plea for the more accurate use of the word ‘hypertrophy ,
for from what Professor Hurris has sard about the hypophysectomized ferret and from
my experiences with the hypophysectormzed human, I suspect that the swellings
noted by Dr Cowie 1nd Folley could have been due to infirction and oedema
processes which in themselves could 1mpede for a time the release of hormone from
neurosecretory fibres in the median eminence Certainly 1n the human, both thirty
two hours and ten days after hypophysectomy there were severe infarcts which
ascended the prturtary stalk and spread well up into the median emmence In the
human unlke the rat, the lation of retory material 1n this region
does not persist and no regeneration of the type described by Stutinshy develops In
fact, I think we m1y have been attributing too much mmportance to this question of
neurchy pophysial regeneration by which I mean the persistent accumulation of
vascularized neurosecretory tissue i the median emmence For in the human 100
and 240 days after hypophysectomy no such change occurs On the other hand
some neurosecretory material can be found m the median emmence presumably
derved largely from the caudal half of the paraventricular nucleus, where about half
the normal number of large neurones survive, many of them contaiming neuro
secretory material Since these patients did not have overt drabetes 1nsipidus, in spite
of treatment with cortisone, 1t 1s probable that they retained a fair measure of neuro
hypophysial function I believe therefore that we must attach importance not so much
to the regeneration of a neurchypophysis but rather to the persistence of some mntact
median eminence nd the survival of cells capable of neurosecretion

Zuckerman Wth reference to the duration of the effect I can report that 1n a series of
monheys subjected to stalk section diabetes insipidus ensued and 1n some cases con
tinued for a year or more

Ghester Jones In the rats the effects of neurohypophysectomy vary considerably The
best results are obtained by removal of the posterior lobe taking 1t as high up the
stalk as possible, together with mimmal disturbance of the anterior lobe It s
possible to produce permanent diabetes msiptdus n some rats with from four to five
times the normal mtake of water and with attenuation of the supraoptic and para

ventracular nuclel, 1n such cases I have notseen re growth of the neural lobe Water
be used as functional critena of the lesion produced It may be legitimate

mtake may
hat 1n rats showing no obvious antidretic hormonal effect oxytocmn

to assume t
secretion 1s also minimal
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Bargmann May I add a detail about the connewion between the neurosecretory system
and the adenohypophysis, they are connected by special vessels in the mnfundibular
wall, vessels which are surrounded by thick and swollen fibres contuning neurosec
retory substance This may be the site of liberation of hormone nto the blood vessels

AMartim In connexion with Dr Folley s observation, that oxytocic hormone seems to
strmulate the release of lactogentc hormone, we (Martm & Morpurgo, Nature, (Lond )
175, 1127 1955 Martint & de Poli, ¥ Endocr 13,229 1956) have shown that both
the antiduretic and the oxytocic hormone mny produce the release of corticotrophin
and thyrotrophic hormone These experiments appear to indicate that antidwuretic
hormone and oxytocin may act as neurohormonal agents inking the hypothalamus
to the adenohypophysis

Folly Whth regard to Dr Pickford s remarks about the rats i the second lactation
m which the milk gjection reflex had returned at least for the greater part 1t should
be noted that the rats still exhibited polyuria

Couie 1 certainly agree with Dr Chester Jones about the difficulty of neurohypophy
sectomy 1n the rat, and because of this we made careful measurements of the volume
of neurohypophysial tissue present both immediately after lobectomy and several
months later We found a significant mncrease 1n volume We did not measure water
itake but immediately after the first lactation the lobectormzed rats were excreting
twice the volume of urine excreted by the controls They were stll excreting twice
the volume after the second lactation
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SiNcE 1t was first demonstrated fifty years ago by Dale that postertor piturtary extracts
have the property of inducing contractions of uterine muscle, our understanding of
thas relationship has lagged behind corresponding advances linking the neurchypo
physis with kidney and mammary function To a large extent this may be attnibuted
to the intermttent nature of myomcmal activity especially 1ts brief actination at
parturition and about the time of mating which has rendered quanutative mvestiga
tion difficult ‘These difficulties are enhanced by our lack of knowledge of the physio
logical entera by which we should measure the functional actisity of the uterus as
an organ, this gives nise to obvious difficulues in interpreting for instance the nor
malty or otherwise of parturition m amm-ls or in women with lesions of the neuro
hypophysial system (Fisher Magoun & Ranson 1938 Harns 1955 and others)

Newton (1937) focused attention on this problem when he stated that Mere
contraction of the uterus 1s too primitive a process to be dignified by the name of
parturition , and he presented evidence subsequently extended by other workers
(Bonnycastle & Ferguson 1941 Adler Bell & hnox, 1944 Schild, Fatzpatrick &
Nwxon 1g951) that activation of the myometrium at parturition follows a co ordmated
pattern for different parts of the uterus This 1s discussed more fully below 1n relation
to the nature of uterme response to oxytocin but before embarking on this 1t 15
appropriate to consider briefly the evidence suggesting that myometnal function 15
probably under neurohypophysial control

Two main functions have been ascribed to oxytocin m relation to the control of
uterme contractility

(a) Inthe non pregnant female at the ime of mating to propel semmal flurd m 2

rostral direction

{6) In the pregnant female at term to propel the foetus(es) mn a caudal direction
Release of oxytocin 1n relation to semmal fransport

Rothschuld (1953) has indicated on the basis of the purely physical study of sperm
atozoan movement that such movement 1s essentially random in pature and that
spermatozoa deposited m the female reproductive tract cannot progress towards the
fallopran tubes unless they are impelled by some external propulsive force such as
uterine contraction

Ths 1s 1 keepmg with the demonstration 1n many species that the ascent of sperm
atozoa in the female tract occurs too rapidly to be d for by the flagell.
motility of the spermatozoa (in the rat—Hartman & Ball 1930 Blandau 1945 the
dog—Evans 1933 the rabbit—hrehbiel & Carstens 1939 the guinea pig—Florey
& Walton 1932 the cow—VanDemark & Moeller 1951 thesheep Starke 1949)

Not only 1s ascent too rapid to be d for by independent sper: an
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movement but moreover, this phenomenon 1s seen with non motile spermatozoa
(VanDemark & Moeller, 1951) Rapid ascent of semen has been demonstrated in
the absence of the male (krehbiel & Carstens, 1939, VanDemark & Moeller,
1951) which elminates copulation atself as an essential propulsive force, further 1t 1s
seen with fluids other than semen (Krehbiel & Carstens, 1939, Rowson, 1955)
indicating that the pharmacologically active substances Anown to be present m
semen (von Euler, 1937) are non essential

It 15 reasonable to conclude that the explanation of this rapid transport lies pre
domunantly, or entirely with the female and this has led to the view that sperm
propulsion after natural mating 1s effected by uterine contractions—possibly due to
the release of oxytocin Oxytocin has 1n fact been stated to mcrease the rate of ascent
of spermatozoa and other fluids 1n the 1solated perfused bovine uterus (Hays &
VanDemark 1952) and in the mntact cow (Rowson 1g955)

An 1ncrease in contractile activity of the uterus compatible with this hypothess
has been demonstrated after natural matmg, after tactile sumulation of the external
gemtalia and after mechanical simulation of uterus or cervix, as indicated in Tabler
It 1s possible that uterine contraction after stmuli such as these may be esplamed
1n terms of local organ response or very simple nervous reflexes However Ferguson s
(1941) observations 1n rabbats suggest that this may be an over simplification This
author found that stretching of the cervix results, after a short delay, m ncreased
myometrial activity simular to that seen after intravenous 1njection of oxytocn and
that this phenomenon 1s abolished by spinal section (at T 7), or by electrolytic
destruction of the prtuitary stalk

That this increased uterine activty at the time of mating may be due to the release
of oxytocin 15 supported by the observation, 1n several species, of mlh gection
accompanying mating (Hammond 1936, Harns & Pickles, 1953 Campbell &
Petersen 1953 VanDemark & Hays, 1953) Similarly manipulation of the vulva
the cervrx or the uteras m the goat (Andersson 1951) and m the cow (Tgetgel, 1926
Puana & Curto 1950, Usueli Prana & Curto, 1952, VanDemark & Hays, 19514
1953) also results in milk ejection

The concept of a neurchormonal reflex would be strengthened by the demonstra
tion of an ncrease m the concentration of oxytocin 1 the blood at the ime of mating
No figures have as yet been published although VanDemarh & Hays (1953) clamm
to have detected 1n the bovine an increase in milk gecting activaty of jugular blood
at the nme of mating We (Fitzpatrick & Hughes 1956) have recently made some
prelimmary 1nvestigations 1n cows under stmifar conditions

External yjugular blood was collected from cows mto heparimzed polythene vessels

overa two or a three minute period during which the uterus and cervix were stimu
ated manually ger rectum The blood was extracted by a modification of the methods
of Vogt (1953) and of Bisset & Walker (1954) and finally assayed according to
Holton (1948) using the superfused rat uterus Our results show that the oxytocic
potency of the blood afier our stimulation procedure ranged from 420 to 850
micro umts/mt as compared with pre stimulation values of 120 to 300 micro
umits/ml This oxytocic activity was not blocked by atropme (1xr10~%) or I)S:'E'C
acid diethylamide (2> 10-8) but was elimmated by treatment with o0 o1 M sodum
thioglycollate (Ames Moore & van Dyke 1950)
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TabtLe I

Oxylocn lif e responses

Species Stimalus | Response Author
Mare | Maung Mlk ejection Hammond 1936
Man Mating Mlk ejection Pickles 1953

Man Maung Milk ejection Harns & Pickles 1953

Man Mating

Milk ejection
Cow Mating

Milk ejection

Campbell & Petersen 1953
VanDemark & Hays 1953

|

Cow Mating Mulk ejection Campbell & Petersen 1953
Cow Mating Uterine mottlity | VanDemark & Hays 1952 1953
Bitch Mating Uterine motlity | Evans 1933
Goat Manual cervix Milk gjection Andersson 1951
Cow Manual cervix Milk ejection VanDemark & Hays 19512
Cow Manual uterus Mulk ejection Tgetgel 1926
Cow Manual uterus | Mulk ejection Piana & Curto 1950
Cow Manual uteru b Ml ejection | Usueths et af 1952
Cow Manual uterusfcervix | Milk ejection VanDemark & Hays 1953
Cow Manual sulvajcervix | Utenine motility | VanDemark & Hays 19516 1954
Rabbit | Stretching cervix Uterine motility | Ferguson 1941
Rabbit { Manual vulva Utenine motthty | hrehbiel & Carstens 1939
Rabbit | Increased intrauterine | Uterine moulity | Reynolds 1930

pressure
Cat Increased 1ntrautenine | Utenme motlity | Schubel & Gehlen 1933

pressure ‘

Release of ovytocn at parturition

That oxytocin may be hberated as an essential part of normal parturition s
suggested by the remarkable superficial simtlarity between spontaneous labour and
that induced with oxytoain This view 15 also supported by the demonstration 1n
the post parturient rabbit that electrical stmulation of the neurohypophysis results
in ncreased uterine actnaty apparently due to release of a humoral agent and
further that stretching the cervix of these ammals evokes a neurchormonal reflex
by which a stimulant substance 15 released from the posterior pitwitary gland ap
parently 1n accordance with the requirements of labour (Haterius & Ferguson
1938 Ferguson 1941 ) The reports of Dicker & Tyler (1953) and Fromageot (this
symposium) ndicating that oxytocm 1s depleted from the neurohypophysts for some
hours after labour 1n rats and dogs are m heeping with this hypothesis That oxytocin
15 iberated 1nto the arrculation during labour 1n women 15 indicated by Gunther s
(1948) observation of the expression of milk comerdent with uterine contractions

However attempts to demonstrate the presence of oxytocn 1n body furds at the
time of parturition have not grven convincing results Increased oxytocic activity has
been detected at this ime 0 urme (Cocknll Miller & kurzrok, 1934) and jugular
blood (Bell & Morrts 1934 Bell & Robson 1935) but the methods of extraction and

205



R J FITZPATRICK

assay were not specific and 1t would seem necessary for these experiments to be re
peated using the more speaific methods available now

Experiments involving removal or lestons of the posterior pituitary and 1ts hypo
thalamic relationships, have 1n some hands shawn that the neurohy pophysial system
plays some part mn parturition Thus the work of Pencharz & Long (1933) m rodents
Smith (1946) 1 monkeys, and Ranson and his colleagues m cats and guinea pigs
(Fisher, Magoun & Ranson, 1938, Dey Fisher & Ranson, 1941) showed that hypo
physectomy or electrolytic destructton of the pituitary stalk, resulted 1 prolonged
labour and 1 maternal and foetal deaths These findings, moreover, are supported
by observations of abnormally prolonged labour, 1n successive pregnancies m 2
woman with permanent diabetes msipidus (Marafion 1947)

These posttive results, to my mind, carry greater weight than the corresponding
negative reports {(Allan & Wiles 1932 Selye, Collip & Thomson, 19332 and &
Firor, 1933 Percharz & Lyons, 1934, McPhail, 1935, Dandy, 1940) which mdicate
m several species that stalk section or hypophysectomy fails to affect the course of
subsequent parturition It has been suggested that these negative results may be
explained as incomplete extirpations (Fisher et af , 1938) 1 this context the indica
tions of regeneration made i the discussion of the preceding paper of this sym
postum may be relevant On the other hand 1t has been reported that such lesions to
the neurohypophysis may occasionally result m diabetes msipidus unaccompanied
by detectable change 1n the course of parturition (Fisher et al 1938, Dey etal 1941
Dandy, 1940) Although these reports to some extent argue agamnst the participation
of the neurchypophysis 1n labour they are by no means conclusive, since effectne
delnery 1n the presence of diabetes insipidus, can be explamed mn terms of (a) com
pensation by extra uterme components at parturition, or (4) by the survival of
sufficient neurchypophystal tissue to promote labour, although msufficient to fully
control water diresis or (c) by invoking the concept of independent secretion of
oxytocin and vasopressin The last possibility 15 particularly mnterestng i the hght
of the discussion to Dr Pickford s paper at this sympostum Some such independence,
m varying degrees has been seen after natural stimulation or electrical mterference
(Harris 1948 Peeters & Coussens 1950, Cross, 1951 1955, halliala, Karvonen &
Leppanen, 1952, Abrahams & Pickford, 1954, and Olivecrona 1954}

Ovytocinase

It 1s perhaps appropriate here to recall that several workers have demonstrated
that the mcubation of added oxytocin and vasopressm with the blood of pregnant
women leads to mactivation of the hormones (von Fekete, 1930, Werle Hevelke &
Buthmann 1941, Woodbury Ahlquist Abreu Torpmn & Watson, 1946, Page, 1946
Hawker, 1g55) It1s claimed that this mactivating power 1s also present at the tume
of partunitton  If these findings apply to endogenous oxytocin i 2o this would
indicate that release of oxytocin from the neurohypophysis 15 not a factor i the
process of birth unless one nvokes the suggestuon of Usuell: ef al (1g52) that the
functron of circulating oxytocinase 1s merely to modify the duration of action of
endogenous oxytocin, thus preventing uterine spasm

Unfortunately the majonity of workers have confined their attenuon to blood
serum which 1n the light of present knowledge of non specific oxytoaic activity of
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serum, detracts from the significance of their results On this and on other pomts
Tyler (1955) has recently enticized the quantitative aspects of previous work on
oxytocmase and has remvestigated the problem with improved techmques She has
found that the ‘oxytocinase activity of human plasma decreases over the last few
weeks of pregnancy although vasopressin inactivating potency 1s unchanged
Occastonal p of plasma ‘oxy activity unul the end of pregnancy
she found to be associted with abnormally long labour A corresponding decrease in
oxytocinase actiity of tissues at the very end of pregnancy has also been reported
by Sawyer (1954) mn the rat

These more recent results change the sigmficance of oxytocinase m relation to
partuntion (Nixon & Smyth 1956) Its function, if any, may be to facilitate the
maintenance of pregnancy for the greater part of gestation this protection being
withdrawn at the appropriate time

THE NATURE OF UTERINE RESPONSE TO OZYTOGIN
It 15 of interest to consider certan pharmacological aspects of the response of the
uterus to oxytocin 1 relation to the requirements of parturition and semmal trans
port
Sensthiaty
We have been impressed by the exquisite sensitivity of the superfused uterus of the
rat 1n oestrus which responds to 25 micro umts oxytocn This corresponds to a total
dose of approximately 5 < 107" grams or 1010 molecules of du Vigneaud s polypep
tide (Livermore & du Vigneaud 194g Pierce Gordon & du Vigneaud 1952, du
Vigneaud Ressler Swan Roberts Katsoyannis & Gordon 1953 ) In Table 1 1s
mdicated mn grammes and 1n molecules the corresponding sensitivity of this prepara
tion to adrenaline nor adrenaline, acetylcholme and 5 hydroxytryptamme Only
Teports on high sensitivity to these substances have been mcluded—mn one case

TapLe I

Uterine sensthaty in uitro
(Oestrous rat uterus)

Minimum ‘ Mole

T
| Molecules
Drug concentration| cular per ml Authors
|8 fml weight ‘ i
Nor adrenahne . 7 5% 1078 170 g 7%r0!5 | Gaddum et al 1949
Acetylcholine 1 X078 163 g 7x 10 | Fletcher 1953
Adrenaline 1 x10-7 184 g4Xx10M | Gaddumetal 1949
Adrenaline 1 X10710¥ 184 3 4x 10 | Holzbauer & Vogt 1954
5 hydroxytryptammune | 2 X10-% 174 72X1012 | Garven 1956
Ovytocn
30 pU jmi 38x107! | roog 23X101% | Gaddum & Hameed 1954
100 yU fml 125X10°10 [ 1005 7 7%1010 | Fitzpatnck 1956

* This sensiv ty was exceptional
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‘exceptionl’ sensitwity (Holzbauer & Vogt, 1 954)—but despte this, 1t1s obviousfrom
the Table that sensttivity to oxytocin 15 as great or greater than to any other sub
stance, particularly when expressed in terms of molanty

In 1ue senativity to oxytocin, of a similar or even greater order to that seen i
titro, can be deduced from available figures for plasma volume and for the minmum
effective dose given intravenously 1n man, as shown 1n Table m

Tasre IIT

Ulterine sensstnaaty to ovylocin 1n 110

Calculated
Species State Dose 1v plasma Authors
Conc /m]
Man Pregnant 38 w 100 mU 30 uU Woodbury et al 1946
Pregnant 39 w 100 mUJ 30 uU Nixon & Smyth 1956
Term 50mU 15 pU ‘Theobald ¢t af 1948
Term 20 mU 6 pU Cantarow 1954
Term 10 mU 3uU Nrxon & Smyth 1956
Term 12mU 4 pU Theobald ef al 1948
Term 5 mU 15u0 Ratzan & Schulman 1955
Cow Pregnant 38 w 1000 myU 40 pU Fitzpatrick 1956
Term 250 mU 10 pUJ Fitzpatnck 1956
Oestrus 500 mU 20 pU Fuzpatrick 1956

This remarkable sensiuvity particularly at times of special interest such as parturt
tion and oestrus, carries the implication that to produce physiological responses only
very small quantities of oxytocin need to be liberated to the circulation The effec
tive concentration of oxytocin m the blood under these conditions may not be very
much greater than that of vasopressin operative in the physiological control of water
excretion

The response of the cervix utert to oxytocn

It 1s commonly accepted that the sensiuvity of the myometrium to oxytocin vanes
with changes 1n sex hormone secretion 1n an apparently purposeful manner Thus
uterine reactivity to oxytocin 1s usually mcreased when under the nfluence of
oestrogens and 1 many species depressed by progesterone (Knaus 1934, Robson,
1947, Reynolds, 1949 and others) These generahzatons have been accepted las
applying to uterine muscle as a whole Differences in response of different parts of the
organ were not considered until the observations of Newton (1934 1937) which
focused attention on the differences in reactivaty of the cornua and cervix

There 15 now wide 1greementin all species studied (Table tv) that the cervix utert
contains muscle fibres which can contract independently of those of the corpus or
cornua This applies to spontaneous contractions (karlson 1949, Adler ¢f al, 1944,
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TasLe 1V

Spectes 1n which independence of cervical contractions from corpus (or cornual)
contraclions has been described

Species Method Author
Rabbit n watro Bonnycastle & Ferguson 1941
Rabbit n Lo Adler Bell & knox 1944
Rabbit o Schofield 1949 1952
Gumnea pig n wlro Newton 1937
Guinea pig n 1120 Adler Bell & Knox 1944
Rat n wlro Newton 1937
Cat m o Adler Bell & hnox 1914
Goat mutro | Newton 1934
Cow m o Fatzpatrick 1951
Sheep Lo Fitzpatrick 1951
Monkey m o Ivy Hartmann & hoff 1931
Man 1o Rarlson 1949
Man m e Schild 1951
Man wn e ‘Weodbury et al 1947
Man 1 Litro Danforth 1954

Fitzpatrick, 1951) to those following nerve shmulation (Schofield, 1952) and to
responses to drugs and hormones 1ncluding posterior prtuitary hormones (Sauter

1948, Newton 1934 1937 Bonnycastle & Ferguson 1941 Adler ef al 1944

Fitzpatrick 1951 Schuld ef ol 1951)

Newton s early 1 uiro work showed that the 1solated cornual muscle from the
pregnant goat (1934) and the gumea pig (1937) contracted to low concentrations of
oxytocin {400 micro units/ml ) although under the same conditions cervical muscle
from the same anmmal failed to respond to concentrations roo tmes as great In
contrast adrenalme stimulated the cervix but not the cornu This reciprocal pattern
of response was also observed tn z2tr0 with cornual and cervical muscle of the partur
ent rabbit by Bonnycastle & Ferguson (1941) Such a pattern of response to oxytocin
—absolute cornual dommance—is of course that appropriate to the process of
partuniion However this ssmple relationship between cervix and cornua was not
found i 1120 by Adler et al (1934) m the rabbit gumea pig and cat Oxytocn
ehicited contractions of both cornna and cervix and although quantitative differences
were detected they were not pronounced

Our own observations are an extension of these and were made chiefly 1 rumun
ants and less extensively in pregnant women Ruminants have anatomical advant
ages over laboratory amimals (and man) m the facility and the fidelity with which
simultaneous mntracervical and intrauterine recordings can be made This account 1s
confined to results obtained 1n cows although similar results were obtained 1n sheep
and 1 a small number of observations in man The recording method used was that
described by Schild ef ol (1951) and employs small mtracervical and mtrauterine
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balloons, coupled by water transmussion, via a double co axtal cannula, to linearly
magnified mercury manometers writing frontally on kymographs ’

In the bovine, postersor prturtary hormones elicit contraction of both cervix and
corpus but the reactivity of the twostructuresvaries independently However, ths lack
of parallehsm between responses of cervix and corpus does fall into an orderly pattern
when considered n relation to the prevailing hormonal conditions of the ammal

Responses m pregnant ammals The magmitude of the response of the corpus to oxy
tocin mcreases slowly throughout most of the second half of pregnancy, and this
accelerates dramatically just before parturition No such augmentation 1s seen with
the cervix however the reactivity 1 c or even d X

Since we recorded intrauterine and intracervical pressures sumultaneously and
idependently 1t permuts us to express the magnitude and direction of the ntra
uterine pressure gradient at the height of drug action, as the algebraic difference in
the pressures in the two cavities This 1s illustrated n relation to duration of pregnancy
m Fig 1 For simpheity, only responses at one dose level are shown, simular variation

2U Ox 1v °

*
[e]

Pressure gradient in mm mercury

o
.
.
*
-0} *. *
o
.
L4 -
26 35 30 38 40

Duration of pregnancy in weeks

Figure 1
The gradient of pressure from corpus to cervix recorded after mtravenous
1njection of a standard dose of 2 U oxytocin 18 shown i relation to dura
tion of p This g enby the algebratc d between
the pressures recorded stmultaneously from the two cavities
Poxnts above the dotted zero hine (postt: e salues) indicate a greater pres
sure 1n corpus than 1n cervix ponts below the hinc (negat ve values)
mdicate the reverse
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was seen at all doses studied At mid pregnancy cervical response 1s dominant but
this decreases in late pregnancy and, in ammals studied less than thirty six hours
before delivery the pressure gradient changes in favour of the corpus These changes
are further indicated 1n Fig 2 in which simultancous cervical and corpus responses
are compared in the form of log dose—response curves for two experiments one at
mid pregnancy and the other at term (40 weeks) Thus the response of the uterus as
a whole 15 1n favour of 1 at md preg; and of expul mmediately
before partunition

30

»
[e]

Response n mm mercury
3

025 o5 1 % [ 025 o o
Dose n units oxytocin

Figure 2

Sumulianeously recorded responses of corpus (Co) and ¢ervix (Cx) are plotted aga nst
dose of oxytocin (1v ) at two stages of pregnancy

At mud pregnancy (22 weeks) the cervical responses are const tently greater than tho e

of the corpus + hulst n a cow 36 hours before deli ery the corpus responses are the greater

These findings of a chinge 1n pattern of response immediately before parturition
are m keepng with some earher results which previously have appeared contra
dictory Robson (1933) and Russell (1943) each compared the i nitro reactivity to
Prtwittin shown by strips of muscle obtained at Caesarian section from the fundus and
the lower uterine segment m man Russell found the lower utenine segment strps
more reactive than the fundal, whereas Robson found the fundal muscle dominant
Russell s matenal howeyer was obtamed from women at term but not n labour,
whereas Robson s were from women 1n active labour The dissimilar results of these
two workers may possibly be explained on the basis of a change m the pattern of
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balloons, coupled by water transmission, via a double co awal cannula, to Linearly
magmified mercury manometers writing frontally on kymographs

In the bovine, postenior prtutary hormones elicit contraction of both cervix and
corpus but the reactwvity of the twostructures vartes independently However, thislack
of parallelism between responses of cervix and corpus does fall into an orderly pattern
when considered 1 relation to the prevailing hormonal conditions of the animal

Responses n pregnant amumals The magmtude of the response of the corpus to 0¥y
tocin increases slowly throughout most of the second half of pregnancy, and this
ccelerates dramatically just before parturition No such augmentation 1s seen with
the cervix however the reactivity remaining constant or even dimmmshing

Since we recorded intrauterine and mtracervical pressures simultaneously and
mdependently 1t permits us to express the magmtude and direction of the ntra
uterme pressure gradient at the height of drug action, as the algebraic difference
the pressures in the two cavities This 1s 1llustrated 1n relation to duration of pregnancy
m Fig 1 For simplicity only responses at one dose level are shown, stmilar vanation

2U Ox Iy R
Fod +|0’—
2
s
£ .
£
3
<
S Of|-emmmemeee- B ————
S .
?3 .
% .
v
H
& -0t t.e
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Duration of pregnancy in weeks

Figure 1
The gradient of pressure from corpus to cervix recorded after ntravenous
ingection of a standard dose of 2 U oxytocin 15 shown in relation to dura
tion of pregnancy This gradient s given by the algebrarc difference between
the pressures recorded simultancously from the two cawit es
Points above the dotted zero hine (positive values) ind cate a greater pres
sure 1o corpus than sa cervix pomts below the e (negatve valurs)
indicate the reverse
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response immedintely before the physiological onset of labour, stmilar to that seen
n the bovine over the last forty esght hours of pregnancy

Response 1n non pregnant bovines In the non pregnant cow there 1s 1 marked vana
tion n reactity of the cervix to oxytoen 1t 1s low at mud cycle (luteal phase) and
Iigh during the ocstrogen phase or after admimistration of aestrogens The corres
ponding virrition n reactivaty of the corpus 1s less pronounced, so that the intra
uterine pressure gradient s lrgely a function of cervieal response This gradient 15
shown i reltionship to the ovaran cycle n Tig 3 Cervical domunance 1s marked
7t oestrus 1nd corpus dominance 1t mud cycle, 1s illustrated i Figs 4 and 5

+i5}

+10

corpus dominant

Pressure gradient in mm mercury
.

cervix dominant

S} 5 [{=] s 21
Days after cestrus

Figure 3

The pressure gradient from corpus to cervix after oxytocin 1s plotied aga nst stage of
ovanian activity in the non pregnant cow

The concept of differential reactivity of corpus and cervix to oxytocn gives two
contrasting relationships n the intact ammal At oestrus the responses combine to
favour r of uterine and propul of flud from cervix to corpus

4 mechanism appropriate to sperm ascent In contrast to this immediately before
; :nurmon the combination of responses favours expulsion of utermne contents s
P

appropnate to delvery of the young
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It s worth recalling Ferguson’s (1941) interesting cxplanation of the co ordmating
mechanism for successive births m pluriparous species This author has shown thatm
the parturient rabbit, mechanical stretching of the cervix results 1n uterie con
tracuons attributed to the reflex release of oxytocin, whilst dilation of the vagna
provokes 1 sympathetic nervous response In the same speces, 1t has also been shown
(Bonnycastle & Ferguson, 1941) that 2 utre the pattern of cervical and cornual
response to oxytocin fivours utering cmptymg whercas that to adrenaline fayvours
retention of uterne contents Thus presentation of a foetus agamnst the cervix will
liberate oxytocin to accelerate delivery, whilst its passage mto the vagna will
hiberate adrenline and temporanly retard the advance of the next member of the
htter The imphcations of this are not confined to pluriparous species, 1n particular in
man there 15 evidence that cxcessive sympathetic discharge during labour may
mterfere with the normal devclopment of fundal dominance, resulting i cervical
dystocia (Sauter 1948)

Our results, 1n another species i ziro are 1 keeping with the views expressed by
Ferguson
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Cross I would like to make a pont regarding the effect of adrenaline 1n antagomzmg
the action of oxytocin on the uterus and mammary gland which has been referred
to 1n this and 1 the previous paper There 1s no evidence that adrenahine blocks the
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shown that a negative pressure develops i the uterus of the mare at the time of
mating, in heeping with the concept of fluid being forced up the uterme tract and not
downwards

Some degree of mnhibitory response of uterine muscle to sympathetic discharge
and to adrenalme applies 1n my opinion, to most species Dr Cross suggested that
some of VanDemark s recordings of uterine contraction could be attributed to
sympathetic nervous reflexes rather than oxytoan The only known motor innena
tion of the bovine uterus 1s sympathetic and the response of the intact bovine uterus
to adrenaline at the time of oestrus, I have found to be predormnantly wmhibitory and
not contractile Cupps & Asdell (7 Ammal Sat 3, 351 1944) working with i zutre
techniques also found that when under the influence of oestrogen the uterme muscle
of the bovine was nhibited by adrenaline

Cross Some of my records of uterine response to hypothalamic stmulation look re
markbly like those published by }anDemark

Fitzpatnck In which species 1s this?

Cross The rabbut

Dale The rabbit has a purely motor mnervation through the sympathetic nerves
Cross In the rabbat the response 1s both motor and mhubitory

Dale But predominantly motor

Cross On stimulating the sympathetic centres of the hypothalamus one sees mnrial
contraction followed by inhibition

Dale 1 was refernng rather to direct sumulation of the sympathetic nerve as having
a purely motor effect

Ruckerman That must be the final path! The hypothalamus 1s a long way from this

Dale Stmulating the hypothalamus does not ulimately differentiate between a
nervou effect and a hormonal effect

Has Dr Fitzpatrick made any observations using vasopressin? Does the response
of the bovine uterus to the subsidiary oxytocic activity of vasopressin vary 1n parallel
with that of the activity of oxytocin?

Fitzpatnck There 15 an mcrease mn reactivity of the bovine uterus to vasopressin over
the last two weeks of pregnancy which 1s not paralleled by a corresponding increase
mreactivity to oxytocin Conversely the sudden augmentation of: response to oxytocin
seen immediately prior to parturition 1s not seen with vasopressin It 15 possible to
estmate the relatne potency of oxytocn and vasopressin 1n these experiments and
from mud pregnancy until the thirty exghth week (1€ 2 weeks before term) oxytocm
1s between 73 and 10 times as potent as vasopressin After the thirty-eighth weck the
ratio changes mn favour of vasopressin 1 e the ratio tends towards umty Thrty four
to thirty six hours before partuntion there 15 an mcrease i reactivity to oxytocmn
which swamps that to vasopressin so that the ratio nises to 20 to 1 or more After
partunition reactvity to oxytocin 1s lost more rapidly than that to vasopressin and
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oxytocin release that occurs during emotional disturbance of the milk ¢jection reflex
mght be due to adrenaline but there 1s no proof, 1t could equally well be due to a
purely nervous mhibiion Dr Fitzpatrick s direct evidence of the secretion of
oxytocin into the bloodstream following manual stimulation of the cervix 1s valuable
since some of the previous evidence of American workers (VanDemark & Mocller,
Amer § Physwol 165, 674, 1951) 15 not fully convincing In the cow the latent period
found by these workers was less than 10 sec which seems to be too short to be ex

pluned m terms of a neurohormonal pathway, since even mtravenously mjected
oxytocin has 1 Intent period of about 15 sec It 1s possible that the uterine contractions
recorded by the American workers could have been entirely nervous in ongm

Ferguson (Surg Gynec Obstel, 73, 359, 1941) for mnstance mn the rabhit was able to
produce uterine contractions by dilation of the vagina even after the spinal cord had
been sectioned to eliminate the possibility of reflex oxytocn secretion I have recently
confirmed this observation

Futzpatnek 1 have found n the bovine too that adrenaline may hive a dramatic
antagonstic effect on oxytocin induced uterme contraction Further this s seen both
1 1o and 1z vrtro, which ehminates the possibility of the effect being an indirect one

Dr Cross made reference to the experiments of VanDemark and lis co workers
I have no information on the latent period between mating sttmulus and myometrial
response other than that obtamed by examnation of the published tracings, and
these are not clear on this pomt

Cross 1 have heard directly from Dr VanDemark confirming that responses were
obtained 1n bovines within 10 sec of cervical simulation, both from the uterus and
from the mammary gland The milk gjection reflex in the cow usually takes some 40
sec There 1s no known nervous motor path whereby mulk gjection may be mitiated

but 1t 1s very difficult 1n this type of experiment to exclude the possibility of milk

gjection artefacts, 1ssociated with changes in the posture of the cow

Dale Are there any figures for the rate of ascent of sperm 1 the gumea pig uterus?

Futzpatnck Only of those of Florey & Walton (F Physiol (Lond ) 74, 5P 1932) based
on - fistula technique

Dale The pomt 1s that the innervation of the gumnea pig uterus as far as I know 1s
entirely inhibitory Otherwise 1t might seem more likely that 1 nervous mechanism
would explam this ripid ascent of the sperm 1t would not be so easy to imagne that
a hormone, 1n very small doses, would elicat such a co ordinated, antiperistaltic
wave, as would seem to be necessary

Futzpatrck T know of no direct evidence of such a wave of ‘antipenstalsis but I do
not see that 1t 1s 1ly impossible to der an antiperistaltic wave 1f one
accepts a response at other times 1n the form of a peristaltic wave

Dale 1t would perhaps be possible to suppose that 1f an antipenstaltic activity 15
normally present, then oxytocin might merely intensify 1t

me further evidence 1n acreement with my obseryations of a

-k There 15 50
Fitzpetnc dient 1n the uterus Mllar (dust Vet 7 28, 127 1952) has

differential pressure gra
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Release of vasopressin and oxytocin in response
to drugs
by

J ™M WALKER
Department of Pharmacology Unuerstty of Oxford

It 15 known that the neurchypophysis can be stmulated by a number of drugs
Tabler gwves a List of some of the important ones Thus ist may not be comprehensive

Taste I
Substances which release vasopressin and oyytoan

Vasopressin Oxytocn
Ether (Ginsburg & Heller 1953)
Phencbarbitone (de Bodo & Prescott 1945)
Pentobarbitone (de Bodo & Prescott 1945)
Acetylcholine (Abrahams & Pickford 1954)
Nicotine (Burn Truelove & Burn 1945)
Morphne (de Bodo 1944)
Yohimbine (Fugo 1944)
Ferntin (Baez Mazur & Shorr 1052)
ATP (Dexter Stoner & Green 1954)

B R S A

and 1t contawns only the names of those for whose sttmulant action there 1s reasonably
good experimental support At first sight the drugs m the list appear so drverse that
1t 15 difficult to draw any conclusion at all They include some but by no means all

of the anaesthetics nicotine hke drugs an analgestc and vanous others This
diversity might 1mply that thewr stimulant actions were exerted mn different ways or
even at different sites Indeed there 1s evidence that their modes of action are not
all the same for the sttmulant action of acetylcholine 1s dependent on the state of
the cholinesterase 1n the supraoptic nucleus while that of morphimne 1s not (Pickford

1953) However there 15 one fact which 1s suggestive namely that micotine and
acetylcholine (by a mcotinic action) are effecive Now we know that the ant1

diuretic hormone and oxytocin are released as it were reflexly as a result of certain
stimult such as coitus and suckiing We know also from the work of Pickford and her
colleagues (Pickford 1947 Duke Pickford & Watt 1950) that small amounts of
acetylcholine or of the anticholmesterase DFP when njected 1nto the region of the
supraoptic nucleus cause a transient antidiress It seems possible therefore that
the nucleus 1s analogous to a perrpheral 1 1 that it a
synapse at which acetylchohne 1s the transmutter and which 1s smulated b;r nicotine

The second pomnt of interest about the list 1s that very httle appears to be known about

221



R J FITZPATRICK

the ratio approaches umty agnn for a short while, before returning eventually to
the usual value of 1bout ten to one I have shown recently (F Pharm Pharmacol 8,
403, 1956) that 1n the mtact 1mimal, parenteral magnesium chlorde treatment
ncreases renctivity of the bovine uterus to vasopressin but not to oxytocin, and
1t may be relevant that there 1s a rise in the magnesium concentration 1n serum in
this species a short time before partunition (Moodte, Marr & Robertson, J comp
Path 65, 20, 1955) It 15 possible, 2lthough at present pure speculation, that this
physiological mncrease in magnesium concentraton may be related to the early
INCrease I L 1Sopressin rectivity

Croxaito 1 want to comment on the oxytocinase activaty of the blood during preg
nancy m human beings We made observations some years ago which ndicate that
this activity increnses progressively during the last month

Noble When Page (Amer F Obst Gynec 52, 1014 1946) first published his account of
human scrum 1n pregnancy inhibrting oxytocin we repeated and confirmed his ex
periments Dr A Eiger (unpublished observations) however, showed that although
incubtion with scrum apparently destroys the activity of added Pitoctn, the oxytocic
Activity returns if the mixture 1s left 1n the refrigerator overmght Thus the supposed
destruction of oxytocin 1s better referred to as a reversible nactnation We think this
probnbly indicates a pharmacological rather than a physiological process
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Substances which release vasopressin and oxplocin

Vasopressin Oxytoan
Fther (Ginsburg & Heller 1953)
Phenobarbitone (de Bado & Prescott 1945)
Pentobarintone (de Bodo & Prescott 1945)
Acetylcholine (Abrahams & Pickford 19,4)
Nicotne (Burn Truelove & Burn 1945)
Morphune (de Bado 1944)
Yohmmbine (Fugo 1944)
Ferniin (Baez Mazur & Shorr 1952)
ATP (Dexter Stoner & Green 1954)

P e L

and 1t contains only the names of those for whose stmulant action there 15 reasonably
good expenimental support At first sight the drugs in the list appear so diverse that
1t1 difficult to draw any conclusion at all They include some but by no means all

of the anaesthetics micotine bke drugs an analgestc and various others This
diversity maght imply that their stimulant actions were exerted in different ways or
even at different sites Indeed there 13 evidence that their modes of action are not
all the same for the stimulant action of acetylcholine 15 dependent on the state of
the cholinesterase 1n the supraoptic nucleus while that of morphine 1s not (Pickford

1953) However there 1s one fact which 1s suggestive namely that micotine and
acetylcholne (by a mcotinic action) are effectne Now we know that the anti

diuretic hormone and oxytocin are released, as 1t were reflexly as a result of certain
stimuli such as cortus and suckling 'We know also from the work of Pickford and her
colleagues (Pickford 1947, Duke, Pickford & Watt 1g50) that small amounts of
acetylcholine or of the anticholinesterase DFP when injected into the region of the
supraoptic nucleus cause a transient antidiuresis It seemns possible therefore that
the nucleus 15 analogous to a penipheral autonomic ganglion 1n that 1t possesses a.
synapse at which acetylcholine 1s the transmitter and which 1s stimulated by nicotine

The second point of interest about the list 1s that ery little appears to be known about
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the release of oxytocn If we had information on this pomt, we should be able to
calculate the ratio of oxytocin to vasopressin in the secretions of the gland in response
to drugs, compare 1t with the ratio in the secretions produced by electrical and physto

logrcal sumulition, and thus perhaps gain some knowledge about the mode of release
of the two hormoncs It 1s these two pomts, the behaviour of the synapse and the
release of hormones 1n response to drugs, that I want now to consider m detail

METHODS

1 Estimation of hormone content of the neurokypaphysts

It 15 possible to study the depletion of the neurohypophysts of 1ts hormones, and
this has been done with success 1n order to find out what happens when the supra
optico hypophysial tract 1s cut, when hypertonic saline 1s given or water withheld,
and under various other conditions (for references see Heller, 1955) But as Dr
Ginsburg has emphasized, the method has the disadvantage that 1t does not distin
guish per se betw een the rate of the release of the hormones and their rate of formation
for the amount of activ¢ substance in the gland at any moment must depend on these
two variables For instance, Ginsburg & Brown (1956) found that when rats were
anaesthetized with pentobarbitone and a large amount of blood was withdrawn
from the circulation, there was actually a significant inerease of pressor and oxytocic
activity 1n the neurohypophysis although presumably mn the meantime antidiuretic
hormone had been released by the gland This suggests that the formation of the
hormones had been accelerated under these conditions

2 Effects of drugs n the whole ammal

With this method, the drug 1s admmustered to the animal, and the effect of the
consequent output of neurohypophysial hormone 1s observed It 15 the method that
has been most frequently used but 1s hable to give the most misleading results A
sertous difficulty 1s that the compound which 1s being investigated may have effects
of 1ts own on the target organ (e g the kidney) which 1s being used to study the
activaty of the neurohypophysis, or it may mask m some way the action on that organ
of the hormones that are being secreted At Oxford, Dr G W Busset and I have
worked chiefly with rats, and we have found that changes i the animals blood
pressure produced by some of the drugs we were testing had distorung effects on
urme flow which compheated the antiduretic action we were studying Two ex
amples oftheimportance of theblood pressure in this regard may be mentioned First
1f nicotine 15 imyected 1nto a group of rats at the begmning of a water duresis, the
chrt of excretion of urine shows two peaks The first peak, which occurs soon after
the njection, 15 we believe caused by a nise of blood pressure, because a similar
pek can be produced by a purely pressor agent ke tyramine and because it 18
abolished 1f the mcotine 1s preceded by hexamethonium which prevents its pressor
acuon The second example 1s illustrated i Fig 1 winch shows the arterial blood
pressure and unnary flow, simultaneously recorded of a rat anncsthcnz;d with
ethanol It can be seen how exactly the pressor or depressor actions of the substances
ngected were rmatched by changes n the rate of formation of urine
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3 Estimation of vasopressin and axytocn wn body flurds

For these reasons 1t s tmportant if possible to extend results obtaned by method
2 by assaymng directly the hormone content of the body flmds Urme 15 not satis
factory smce 1t has not been found possible to get td of non spectfic substances which
contract the wolated uterus and therefore interfere with the assay of oxytoan It
seemed best therefore to do the assays on bload tself The antdiuretic hormone 15
rapudly destroyed 1n 1ts passage round the body and we have theretore done our
assays on blood from the external yugular vemr which m the rat 1s the maim path of
venous drainage from the hypophysts There 1s no lach of surtably sensitive methods
for assaymng antidiuretic hormone and the preparation we have used 15 that of Ames
& van Dyke (1952} But in order to assay oxytocm we had to evolve 1 method by
which blood was treated with acid ethanol and then concentrated by ey aporation
under reduced pressure and which allowed us to test the resulting, extract on the
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1solated uterus of the rat (Bussct & Whalker, 1954) There arc two pomnts about the
results obtained with thus method In the first place, m order to obtam sufficent
matenalon which to carry out the 1ss1ys, 1t w1s necessary to take quate large amounts
of blood Ginsburg & Heller (1953) have shown that withdrawal of blood may itself
be 2 potent simulus for production of intidiuretic hormone, and this fact complicates
the mterpretation of our findings The second pont 15 that there are present m the
extracts oxytocic factors that are not of pituttary onigm, for 1t has not always been
possible to destroy all the oxytocic ctivity by sodium thioglycollate One of these
factors, which we think w1s potassium, 1s exsily got rid of by dualysis Another factor,
however 15 sometimes present Smcc Armstrong, heele, Jepson & Stewart (1954)
showed thit 1f blood was 1llowed to come nto contact with a water wettable surface
such as glrss, a pamn producing substance was formed which was also oxytocic we
tried the experiment of collecting blood 1n syringes and beakers made of polythene

We have found that under these conditions non specific factors seldom appear This
method has been applied by Dr Bissct to experiments on man about which I hope
he will tell us 1t the end of the paper

RESULTS

We were led to do the expeniments to which I shall refer by some earlier work on
the excretion of chlorides When commercial whole posterior lobe extract s njected
subcutaneously 1nto rats, there 1s not only an antidiresis but also an increase 1n the
total chloride excretion When oxytocin 1s injected, thereis a chloruresis without an
antdwress nd the major part of the chloruretic effect of whole lobe extract has
therefore been ascribed by many workers to the oxytocic hormone I am aware that
there 15 some doubt about this, and that the whole picture 1s now ltered by the very
nteresting results which Miss Pickford hns described to us at this meeting Morcover
1t would obuiously not be possible to interpret the ncreased chloride excretion after
the admmistration of drugs without investigating the renal function of the treated
animals Nevertheless we thought 1t would be of interest to see whether 1t was
possible to correlate the size of the antidiurests produced by a drug with the level of
antidwretic hormone 1 the jugular blood on the one hand and the size of the
chlorurests with the level of oxytocin on the other Accordingly nicotine was yected
mto groups of hydrated rats water and chloride excretion was measured, and the
effects were compared with those of commercial extract It was found (Fig 2} that
nicotine 1n a dose which was equal 1n anudwretic power to a given dose of posterior
lobe extract caused a rather greater chloruresis It was possible thereforc that after
nicotine there would be both vasopressin and oxytocin present in the jugular blood
and on mnvestigation this proved to be so There was more oxytocn than vasopressin,
and the mean ratio was 1 8 though the figures vaned constderably from one amma
1o another {mean level of oxytocn 5 7 mU per ml  vasopressin 3 1 mU per ml&
see Fig 3) The levels of both oxytoan and vasopressm were sigmficantly raise
above those of the control ammals
1§, as 1 suggested earlier the supraoptic nucleus can be regarded as analogouls t“;) :
penpheral autonomic ganglhon a bloch?q agent such as hcmme}t]hom;xm x(rin(g B\Issct
expected to block the shmulant action of micotine However wt:k ;\choun D
& Walker, 1953) that even 1n large doses which completely block both pres
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CHLORIDE EXCRETION
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The effect of drugs on the chlor de excreton n rais N = n conne

H = hexamethonium P = p tu tary (posterior lobe) extract In the test

groups drugs were g en i doses of equal antd u et ¢ potency Control
groups (8} recer ed an nyect on of saline (B sset & Walker 1956 )

convulstve effects of ntcotine hesamethonum does not block 1ts antidrretic action
Some other blocking agents do not do so either (Supek & Eisen 1953) There 1s a
shight but sigmificant diminution of the chloruretic effect of nicotme when 1t 15 pre
ceded by hexamethonum {see Fig 2) but this d 10n cannot be fidentl
ascribed to a central mhibitory action for although the mean concentration of
oxytocm 1n the blood after hexamethonum and mcotine 1s lower than that after
nicotine alone the difference 1s not sigmficant at the 5 per cent level
mately o 1)

In the course of this work 1t was found that hexamethomum 1tself gwen m the
large dose of 5 mg per 100 g had an antidruretic effect equal to that of mcotine
but that this was accompanied by only a very small chloruresis {Fig 2) This anti
diuretic effect can be shown not to be due to a delay m the absorption of water from
the gut It could be of course and very likely 15 at least partly due to 2 haemo
dynamic effect on the kidney But when the yugular blood was assayed 1t was found

(P = approx1
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that the antidwretic hormone content was significantly raised above that of the
controls—raised n fact to about the value found m rats that had recers ed nicotime—
whereas the oxytoein was not altered 1t 1s possible that hexamethonium sumulated
the neurohypophy sis indrectly by causing a profound fall of blood pressure Figure
3 summarnizes these results

When we were taking the blood from the jugular veins, 1t was cons ement to have
the rats anaesthetized, and m the experiments hitherto described the anaesthetic
used was ethanol which was grven by mouth 1n a large volume of water, so that the
rats were hydrated to 1 degree similar to that of the rats in the earlier expeniments on
chlonde excretion Ethanol was chosen for two reasons Furst, though 1t interferes

6
S
4
3

n

[JoxyTocin B apw
Figure 3

Concentrations of antidiuretic hormone and oxyfocin n the Jugular

venous blood of rats under ethanol Values in mU per ml blood

N = mcotme  H = hexamethomum € = controls  (Bisset &
Walker 1956)

with the output of antidmretic hormone under physiological conditions previous
work had shown us that 1t did not 1bolish the antidiuretic effect of meotine Second
1t was thought that ethanol would not utself cause release of antiduretic hormone
In fact1t can be seen (Fig 3) that the level of hormones in the blood of these controls
was about 1 0 mU per ml This accords with Dr Ginsburg s finding that the fourth
and fifth millilitre of blood withdrawn from an anaesthetized rat have quite high
levels of anudiuretic hormone since we withdrew from 4 to 6 ml , our mean value
of 1 omU per mi does notseem unreasonable Insome more recent work, ether was
used mstead It was found that when mcotine was mjected into rats under ether, the
¢l of the jugular blood was not significantly dufferent from that the

oxytocn lev
an level of antidwretic hormone was

blood of ammals under ethanol but the me:
226



The release of vasopressin and o¥ytocin in response to drugs

1 omU per ml 1n the former 1ganst 3 1 mU per ml 1n the Intter Thus 1n these
experiments ether, which 1tself 15 known to cause release of anttdiuretic hormone,
apparently diminished the power of mcotine to do so without mterfermg with the
release of oxytocin

CONCLUSIONS

From these results certain conclusions are possible In the first place 1f hexameth
ontum reaches the supraoptic nucleus 1n what would be an effective concentration
and yet does not block the action of nicotine the synapse there must have pharmaco
logrcal properties quite different from those of peripheral nutonomic gangha Second
nicotine produces a secretion of both oxytocin and antidwretc hormone i the rat
but 1n a ratio of the former to the latter much lower than 1s thought to be usual 1n
other ammals Thus estimates of the ratio vary from about § in the rabbit (Harrs
1948) to about 20 1n the dog (Abrahams & Pickford, 1954) whereas we have found a
ratio of 1 0-1 8 There are a number of possible reasons for this discrepancy The
conditions of our experiments were different 1n that our rats were anaesthetized
whereas the ammals used by most other workers were not Agan we used nicotine
whereas others used other forms of shmulation But let us suppose for a moment that
the low ratio 1n the rat 1s charactenstic of the species Now 1t 1s not known what func
tion oxytocin hns in the male, or n the non pregnant or non lactating female animal
Dr Pickford has discussed the possibility that 1t helps to control the excretion of
sodium by the kidney In most species the amount of oxytocin which has to be given
m order to affect sodium excretion seems to be very much larger than the amount of
vasopressin which 1s antidiuretic and 1t has therefore sometimes been assumed that
this action of oxytocin 15 an mcidental one of no phystological significance But as
Dr Pickford has pointed out 1t 1s not correct to calculate doses on the arbitrary bass
of the amounts of activity m commercial extracts They should rather be calcultted
on a basts of the activities apparent when the amimal s own neurohypophysis 1s 1
action If this 1s a correct way of looking at the problem 1t might be expected that
an ammal which secreted comparatively small amounts of oxytocin would pessess a
Lidney which was sensitive to the electrolyte controlling action of the hormone It
would thus be most interesting to know how the rat s kidney reacts to small amounts
of punfied oxytocn and vasopressin

But knowledge of the actions of drugs on the neurohypophysts might have an
even wider significance Let us suppose that the hypothalamc nucler are analogous
not to a peripheral ganglion as I suggested at the beginnung but to a nuclens which
15 also part of the autonomic system namely that of the third crantal nerve This
nucleus has sometimes been thought of as bemng under continuous inhibtory m
fluences from higher levels i the central nervous system When the mfluences are
removed by sleep or anaesthesia the nucleus becomes active and the pupil constricts
A simlar set of condstions rmight apply to the supraoptic nucleus Thus 1n a conscious
ammal which was conserving water 1mpulses from osmoreceptors would heep the
nucleus 1n a state of activity and antidiuretic hormone would be continuously re
leased During a water diuresis however the nuclens would be mhibited by in
fluences from elsewhere 1 the central nervous system and in the absence of osmore
ceptor actrvity would remamn mactive The analogous situation with respect to the
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third nerve nucleus would be mn the conscious amimal i the hight, with pupil con
stricted, on the one hand, and the conscious animal 1n the dark, with pupil dilated,
on the other Under antesthesia inhubitory mnfluences would be removed and the
suprioptic nucleus would become active, crusing antidiurctic hormone to be pro
duced In the present statc of our knowledge perhaps this can hardly amount to more
than 1 fanaiful amilogy But 1t might point the way to explaning some of the earlier
work by Bonsmann (1930) for instance, who showed 1n dogs that some hypnotics
such 1 phenobarbitone preyvent the normal response to water adminstration, while
others, such 1s parildehyde, do not The cffect of an anaesthetic on water metabolism
would depend on whether or not 1t removed these mhibitory mfluences from the
suprioptic nucleus Morcover, 1 hypnotic could ensily act at two sites 1t once, 1t
could remove extrahypothalamic inhubition and thus promote secretion of neuro
hypophysial hormones and 1t the sxme time 1t might by acung directly on the
nucleus, interfere with the sumulant action of 1 drug like nicotine These two modes
of 1ction would explain why phenobarbstone which 1tself releases antidwuretic hor
moane, nevertheless dimimishes the anudiretic action of meotine (Supeh & Eisen
1953), and also why ether as we have shown though itself a releaser of antidiretic
hormone reduces the amount of the hormone released by niotmne Concenvably
morphine might be 1n the special position of stimuliting the nucleus direct, the
availible evidence suggests that 1ts action 1n constricting the pupl 1s due to a stmul
ant effect at or near the third nerve nucleus (for discusston see McCrea, Eadie &
Morgin 1942) rather than to a removal of cortical inhiition and Pickford (1953)
has shown that morphine produces antidiuresis when mjected direct into the supra
optic nucleus

All this must remain mere speculation until further work 1s done, but it may be
useful 1n suggesting the lines on which such work might profitably be undestaken
Frrst, we need rehiable information about the action of anaesthetics, based 1f possible
on a direct determination of the level of hormones 1n the blood Second, we should
know what 15 the reaction of the hypothalamo hypophysial system to newer sub
stances such as reserpine and chlorpromazine, which are thought to act primariby
on the hypothalamus I'hird we must find out more about the release by drugs of
oxytocin, a subject about which we are still very ignorant

Finally, there 1s one aspect of the problem which has not so far as I know, yet
recewved attention In the rat the neurohypophysial hormones are partly associated
like lustamine and 5 hydroxytryptamine with particles of mitochondral size
(Pardoe & Weatherall 1955) and recently Dr L Martinr and I have found that the
same 1s true for the dog It has been shown that histamune 1s released from 1ts particles
by histammne releasers (Mongar & Schild, 1954) and that 5 hydroxytryptamme 1s
released 1n the same way from 1ts particles by reserpine (Giarman 1956) It will be
very nteresting to see 1f vasopressin or oxytoin can be hiberated from their particles
by pharmacoloslcnl agents and if so whether these agents stumulate the neuro
hypophysts in the bving amimal
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Dascussion
Chavrman S S Zuck erman
Busset 1 should like to report on some clinical extenstons of this work which I carried
out with Dr J Lee Blood was vathdrawn mto a sihconed syrmge by puncture of
the internal yugular vein 1n patients at operation within 1o to 15 min of the mnduc

tion of anaesthesia with sodium thiopentone Concentrated alcohol extracts were
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ass2yed for anuidwretic 1ctiaty by mtravenous mjection 1n the Ames and van Dyke
preprration and for oxytocic activity on the isolated rat uterus The sensitivaty of
the assay rats for antiduretic hormone ranged from 10 to 30 uU /m! blood Inonly
2 of 9 cises was antidiretic actraty detected the concentrations were 12 and
20 xU /ml blood Satisfactory oxytocic assays were carrted out n 8 cases, the con
centrations of oxytocin varied from 1,200 to 2 300 pU fml blood with a mean of
1600 xU /ml The activity was abolished by sodium thioglycolate

We hope to determine whether the level of oxytocin n the blood 1s raised durimg
parturiion and lactation and conversely whether certain types of uterine mertia
and of dystoci: and panful engorgement of the breast during lactation, areassocated
with 1 deficient secrction of the oxytocic hormone

Determination of both oxytocin and vasopressin 1in a single specimen of a body
flwd my have further interesting apphications For example, assay of oxytocie and
antiduretic activity 1n the blood after damage to, or stimulation of] the supraoptic
and paraventnicular nucler reght indicate the relative 1mportance of these two
structures 1n the secretion of oxytocin and vasopressin

We wish also to determine the ratio in which the hormones are released after
stimuli such as ijection of nicotine, since Dr Pickford has shown that 1t 15 necessary
to know this ratio before determining the effects of the hormones on such functions
1s renal sodium excretion

Heller T was very mterested in Dr Bisset s remarhs [ can—to some extent—confirm
his findings on the antiduretic activity 1n human mternal jugular blood We (Heller
& Schmeden unpubhshed observations) drew blood by direct puncture of the vein
m local anaesthesia but we hasve results 1n three subjects only The antidruretic
actinity 1n two subjects was less than 20 U /ml and 1n a third case less than 11 pU /
ml I am mentiomng this not only because 1t agrees with Dr Busset s observations
but also because 1t stresses the fact that only very small amounts of antidiuretic
activaty can be expected n the blood of normal adults Results like these mahe the
statements of vartous authors that several millumts per milhilitre may be found 1
the peripheral blood of normal human beings rather difficult to understand

van Dyke What volume of blood did you take from the external jugular vem 1n rats?

18 alker We took between four and six mullilitres We were conscious of the fact that
the withdranal of such a volume would influence the hormone level but there ap
peared to be no correlation between the volumes of blood taken and the concentra
tions we found There might have been a correlation 1f we had had mformation
about the blaod pressure of the rats

zan Dybe The sigmificance of these relatively hugher concentrations of oxytocmn 13
ifficult to appraise I don t think that even the use of the thioglycollate test neces
sanly proves that the substance 1s oxytocin All 1t shows 13 that the active substance
has such a chemucal constitution that 1ts biclogical activity can be destroyed by

reduction
1 wanted also to ask what sigmificance you attach to the change m the ratio (vj0)

of the hormanes in the blood You spoke of 1ts bemg raised 1 some mstances and not

1n others
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Tf alker The answer to the first point 1s that without defimite chemical identification
we cannot be absolutely certain that the substance 1s oxytocn We think 1t s be
cause 1t behaves 1 every way that we have tried like the pituitary hormone We
have never found any m peripheral blood (though we have not done many expen
ments on this) and 1t appeared 1 jugular blood m amounts wiich did not seem to us
to be unduly ligh considering the amounts of antidiuretic hormone Ginsburg &
Heller found Finally we looked for it 1n the jugular blood of hypophysectormzed
anmnls and although 1t was still present (possibly because our hypophysectomies
were techmeally at fault) the amount was very greatly reduced If these results were
entirely due to chance, 1t scems to me unlikely that we should have such differences
betwecn one series and another

Gnshurg How do you know that you have not got any micotine in your blood extract?

Walker Because we dialysed 1t In any case, mcotine does not elicit uterine contrac
tion

Gross 1 want to ask Dr Walker whether he has measured the sodium output under
the influence of his various prtwitary stimulating agents and if so whether 1t parallels
chlonde output?

Walter We did not do that because we had no flamephotometer at hand at that trme
I think that Dr Pickford showed yesterday that chlorides move 1n the same way as
sodium

Zuckerman Do you imagune that the same nerves which are involved in neurosecretion
also transmit nervous mpulses?

Walker Yes I have always thought so

Dale Do 1 understand that you have extracted whole blood > Is there any reason for
that?

Walker We had the impression from the literature that 1f we had centnifuged the
red cells off we might have lost some of the activity We found that extracting whole
blood was quite satisfactory and so we stuck to 1t

Dale If you are extracting whole blood you are loading your extract with all sorts
of substances both from the red cells and from other formed elements 1 wonder 1f
there 1s any evidence that the hormone 1s stuck to the red corpuscle

Tuzpatrieck Using an extraction procedure similar to that of Bisset and Walker 1
found that added Pitocin 1s not absorbed onto red blood cells On the other hand
during the time required for centnfugal separation of the plasma there 1s a decrease
tn activity—suggesting that there 1s some direct inactivation

How important 1s 5 hydroxytryptamine 1n these extractions? In taking whole
blood one 1s also taking the platelets which Hardisty & Stacey (7 Physiol (Lond )
139, 711 1955) found to contamn most of the 5 hydroxytryptarmne We find that
added 5 hydroxytryptamine comes through the extraction procedure 1n sufficient
quantity to interfere with oxytocin assays on the rat uterus It may be dangerous to
use lysergic acid diethylamide 1n the final assay procedure to elumnate the effect of
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5 hydroxy tryptamine since lysergic acid diethylamide also inhibits uterine response
to oxytocin

Walker In cases where we thought that we might have had an effect from 5 hydroyy
tryptaimine 1n our extracts, we found that doses of lysergic 1a1d diethylamide which
were sufficient to abolish the effect of 5 hydroxytryptamine did not affect the re
sponses to oxytocin

Puckford If you were to allow 5 hydroxytryptamine to contmnue i 1ts contact with
the uterus, you would soon differentiate between 1t and the oxytocin because the
prchminary contraction 1s not maintuned as 1t 1s with oxytocn

Zaidt We have used 1 modification of Dr Walker s extraction procedure and I
would like to 1sh hum whether he ever found unspecific antidretic substances 1n
his extracts Professor Croxatto has mentioned that mere acidification will produce
antidiuretic activity i blood

Walker No We usually did the oxytocic assays first and 1n cases where we did suspect
a non specific oxytocic action there was no evidence of a non speaific antiduuretic
effect

Zaid: To refer to your analogy between the neurohypophysial system and the third
cramal nerve we noticed that when rats go to sleep, the urine flow often falls, and
I wonder whether this cannot also be explained by this analogy

Walker 1 do not want to go back to this analogy too much, but 1f you were to press
me 1nd ask for an answer, then 1t would be yes
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INTRODUCTION

Tats subject will lead nto compl of b h from which
clear concepts have not yet emerged We will begin therefore by outhming four
groups of widely accepted facts which serve as the basis for the problem (1) The
antidretic hormone (vasopressin) 1s the main mammahan humoral agent acting to
mhibit water excreton and prevent fluid loss through the kidney under certamn
conditions 1t enhances sodium excretion (2) The 17 hydroxy (hydrocortisone like)
hormones of the adrenal cortex depending upon cir may act erther to
enhance or inhibnt water and sodium excretion (3) The aldosterone like adrenal
hormones are the mamn humoral agents actmg to inthibit sodwm excretion and be
cause of that fact must to some degree tend to cause water retention they too how
ever can act as water dwretics (4) The secretion of antidiuretic hormone 15 regulated
1n part by the osmotic pressure of the extracellular fluids and probably to some degree
by extracellular flmd volume changes The secretion of aldosterone 1s regulated
likewse partly by electrolyte concentrations n body fluds and again perhaps by
extracellular flnd volume Unlike aldosterone the secretion of the hydrocortisone
like sterords 1s under the control of corticotrophin
These facts show that the adrenal cortex and neurohypophysis affect related
phenomena and are regulated 1n part by similar influences The problem 1s to define
the nature of the mterrelationship between them The attempt to do so began mn
1938 and has not yet succeeded fully
In 1938 Silvette & Britton called attention to some of the essentially antagomstic

actions of the neurohypophysis and adrenal cortex and emphasized their probable
functional significance In elaborating this concept (eg Corey & Britton 1941)
they dealt with gross phenomena and did not attempt to speafy the mechamsms
through whuch these overall antagomstic influences might operate * Since that time
numerous authors have dealt more or less comprehensnely with the subject m
attempts to correlate adnuttedly dufficult and conflicting data mnto comprehensible
working hypotheses (e g Lloyd 1952 Heller 1952 Pitts 1952 Montastruc 1954
Morel 1955 Chester Jones 1956) The attempts of the semor author and His
"ssociates to force knowledge from all sources as 1t exasted 1949 and 1950 mto some

It 1s now apparent that in some respects the cor
of neutohypophysial hormones (See Sect 11)

rticowds may enhance rather than antagon ¢ the acttan
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degree of coherence werc summarized n two publications (Gaunt, Birme & Exersole
1949, Guunt, 1951) Therwr suggested cause 1nd effect relations were admuttedly
tentative and tenuously bound In some respects they have proved too fragile to
withstand subsequent critical scrutiny Let us look, then, bricfly at some past work
1n the field and deal especially with more recent observations The nced for brevity
will require evaluitions more dogmatic than are justified either by the evidence at
hand or the 1uthors self confidence, unfortunttely only + fraction of the relevant
literature can be cited Since work 1n the lower vertcbrates 1s being covered by Dr
Chester Jones 1n 1 subscquent paper of this symposium, we omit all references to this
ficld Also, since 1t 15 not relevant to our main theme, no further note will be made of
the important new work of Ingle & Li (1955) implicating vasopressin as 1n essenttal
rgent n the reparr of the deficient muscle work performance of adrenalectomized
animals

I PROBLEMS CONCERNING THE NATURE OF THE
ADRENAL NEUROHYPOPHYSIAL RELATIONSHIP

The facts at hand permut the postulition of an almost mnfimite number of sites and
means of interaction between the hormones of the two glands in question Many of
these possibilities have been explored to some degree with a resultant large literature
that 1s notable for 1ts lack of agrecement Some of the questions at 1ssue follow

1 Circulating levels of antidiuretic hormone tn adrenal insuffictengy

Several mvestigators have presented evidence mdicating that increased quantities
of some circulating ntidiuretre substance (ADS) exist in adrenal wmsufficrency The
relation of this ADS to the antidwretic hormone, however, 1s not clear, largely be
cause of question concerning speaifiaty of the assay methods used (Ames & 1an
Dyke, 1952 van Dyke Adamsons & Engel 1955) and contradictory findings con
cerning facts mvolved Nevertheless questions concerning the identity of such sub
stances should not be allowed to obscure the fact that the phenomena which hae
been observed are not 1llusory Any satisfictory solution of the problem must account
for the presence mn adrenal msufficiency of an excess or easy release of some sub
stance(s) which 1n certain tests resembles the neurohypophysial antidiuretic hormone
(Birmee, Eversole Boss Osborn & Gaunt, 1950, Slessor 1951 Lloyd 1952 Leaf &
Mamby, 1952 Mirsky Stemn & Paulish, 19542 19545, Ginsburg 1954, Montastruc
1954)
B Relation of filtration rate 1o renal actions of corticords and antidwretrc hormone

It 15 generally agreed that the antidiretc hormone influences water and elec
trolyte excretion without affecting the glomerular filtration rate (G F R ) Tt1s also
agreed that the sodium retaining action of corticods can be effected independently
of the G F R There has, however, been much confuston concerning the superimposed
relation of the definite G F R mncreasing action of the corticoids to such phenoment
(Boss Birnie & Gaunt 1950, Rosenbaum Davis & Ferguson 1951, Pitts 1952
Davis & Howell, 1953, Stribling & Spurr, 1954 Skillern Corcoran & Scherbel
1956) The question 1s 1mportant because 1f some of the effects of corticoids €g
effects on water diresis, are due indirectly to changes i the G F R therc would be
no need to myoke altered function of the neurchypophysis mn therr explanation
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Otherwise 2 neurohypophystal participation might logically be suspected The nature
of the problem 1s such that defimtive evidence 1s dufficult or impossible to obtamn
view of the possibthity that changes in G F R too small to be measurable by available
methods can affect electrolyte and water excretion (Selkurt, 1954) Nevertheless
impressive evidence suggests that there are effects on water excretion attnibutable
to corticords or their lack which are not explicable by changes in renal hemodynamcs
(Rosenbaum et ol , 1951, Sala Serem & Ballabio 1951 Stribling & Spur 1954
Skallern, et af , 1956, Dingman & Thorn, 1955 Dustan Corcoran & Farrell, 1955
Tkkos, Luft & Olivecrona, 1955 Garrod Davies & Cahill, 1955) This does not by
itself implicate participition by the neurohypophysts as several authors concerned
have pomnted out but does open a door to such possibilities An additional comphicat
g factor in such studies 1s that experimental worh on hypophysectomized anmals
and 1n human subjects with diabetes insipidus have a well known Lmitation of lack
of certainty that neurchypophysial f 18 pletely abohshed (cf Sect
B3)

The concept that the decreased tubular reabsorption of water (increased free-
water clearance) sometimes clearly associated with the admimstration of corticords
represents a direct tubular action has not fared well 1n recent studtes (e g Shillern
etal 1956) Alternatively 1t has been proposed that the potassium deficiency 1n
duced by corticoids leads to an mability of the renal tubule to reabsorb water (Cor-
coran & Dustan 1956)

C Effect of corticords on the sensinaty to antidiretic hormone and on thurst

Some time ago 1t was suggested (Birme ef al 1950, Lockett 1952) that adrenal
ectomized ammals are hypersensitive to exogenous vasopressin  The subsequent
demonstration that adrenalectomy delays the rate of mactivation of vasopressin
(Sect III) seemed to provide a sound basis for such observatrons Nevertheless
others have failed to find that such a hypersensitivtty exists in man (Chalmers &
Lewss 1955 Dingman & Thorn 1955) Whatever may be true 1n adrenal deficiency
states 1t 15 clear from numerous observations beginmng with those of Ragan
Ferrebee Pfyfe Atchley & Loeb 1940 (Winter 1952 Swingle Fedor Ben Maxwell
Baker & Barlow 1953 Dustan efal 1955 Conn 1955) that excess corticords m-
cluding aldosterone reduce the responsiveness to vasopressm (cf Figs 1 and 2)
although the opposite has been reported n hypopitutarism (Stribhng & Spurr
1954) The mechanisms involved are not well established but one factor seems to be
indirect the corticords cause a polydipsia which seems to be an important element
m the altered fluid exchanges 1n chronic experimental situations (above references
Gaunt 1951 Skillern ez al 1956 Tkkos ezal 1955)

D Relation of antid: hormone and corticords to electrolyle excretion

In pharmacological expermments vanaus types of mteractions between various
corticoads and vasopressin on sodium and potassium excretion are demonstrable
some examples are 1llustrated m Sect II It can be questioned whether such effects
of vasopressin are direct or mdurect (Leaf Bartter Santos & Wronz 19,3) Despite
considerable effort however no well documented story has yet emerged showing
comvinangly a physiological counterpart of these pharmacological observations
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(Murphy, 1950, Black & Thompson, 1951, Chalmers, Lewss & Pawon, 1951,
Holland & Stead, 1951, Lauson, 1951, Maxwell & Breed, 1951, Pitts, 1952, Davis,
Howell & Hyatt, 1954, Cole, 1955) Although some recent work such as that of
Anslow & Wesson (1955) and Chester Jones (1956) gnes promise of clanfication,
there 15 still scant evidence of deficiency phenomena which would be anticipated if the
neurohypophysial hormones had important effects on electrolyte metabolism

11 CORTICOID VASOPRESSIN INTERAGTION
PHARMACOLOGICAL GONSIDERATIONS
There have been many studies 1n which vasopressin and some adrenal cortical
preparation were given simultancously (e g, Ragan, ef al, 1940, Corey & Bntton,
1941, Sartorus & Roberts 1949, Winter, 1952, Swingle, et ol , 1953, Morel 1955)
We have recently extended work of this sort to try to distingwish between the different
actions of several corticoids at varyng dosages on the response to Pitressin* At
the present time it 1s obviously not permissible to speak of adrenal influences

Effect of hydrocortisone (F) on the response to Pitressin
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Figure 1

“howing the effect of graded doses of hydrocortisone on the anudiurenic effect of Patvessn The Index of
Diuresis represents in em  the area under cach cune

+ Ve ynlized simple acute experimental procedures in normal male rats Fasted amimals were given a
hydratng dose 5ml ftoog of 0 2 per cent sodium chlonde solution by stomach tube together with a stang::;d
subcutaneous inertion of 2 mU Pitress n/100 g The effect on the response to Pitressin of varying doses of the
several steronds given subcutancously two hours before Patressin was then determined in terms of v;:l;)r
sodium and potasswum excretion over a period of 180 min In order that values for water excretion might ;

ressed as one figure the area under cumulative curves of water excretion was plotted (sec hricger
exl ton 1g40) and designated the index of diuresis One centimetre on the ordinate represented excretion
}}‘:('J‘l:»gc: :emg of the fluid load and one centimetre on the abscissa represented fo un time
o
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without specifying the parnicular type of adrenal hormone mvolved The results
illustrated 1n Figs 1 and 2 are based upon the means of all ammals recerving any
particular treatment Untreated and Pitressin treated controls were run simul
taneously with all treated groups and hence served as a check on possible erroneous
conclusions due to day to day variations

Effect of corticolds on the response to Pitressin

Satine Wydocortions | Pradriscione | Predusone |  Desorycarticosternne | sugosteron (251 8 Pitressm
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Frgure 2

Show ng the effects of var ou. <o t co ds on the response to  standard dose ( mU ) of P tress nm expe ments
of 180 min duraton The Index of Duress ep ¢ e tng the amount of water excreted s illustrated n
Fg 1 and defined in the footnote on p 236

The results are complex and indicate that no simple rule governs the observed
responses Hydrocortisone 1n doses of 200 ug or higher antagonized partially or
completely the antdiuretic effect of Pitressn* and at the higher doses (1-5mg )1t
actually caused dehydration (Fig 1) On the other hand hydrocortisone augmented
Prtressin mduced natriuresss and to a lesser degree kalwuresis Predmisone and predm
solone had quantitatively different effects For instance predmsolone was the most
1ctive compound 1n stimulating water excretion whereas predmisone enhanced

Wea e ataloss 1o correlate these find ngs with those of Wanter (1
952) who fourd o t one to enhance th
antud uret ¢ efiect of Pt e n whereas d€s0xyco 1 coste one acetate antagonized 1 o
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sodiim excretion relatively more than water (These actions of the A’ compounds are
of interest becnuse of their relative absence of effect on sodium and water metabolism
under most conditions of climical use)

Desoxycorticosterone in the presence of Patressin had no effect on water excretion
cxcept to enhance 1t 1t high dosage—an action definitely wenker than that of the
glucacorticords In contrast to the glucocorticords, desoxycorticosterone 1 small
doses reduced sodium excretion whereas large doses were without effect This ap
pirent anomaly might result from a nse of the G F R produced by Iarge doses of
desoxycorticosterone

Aldosterone was wvailable only 1n microgram doses In these amounts 1t had
no cffect on water excretion except for a suggestion of enhancement, which could not
be ecstablished statistically of the antidwretic action of Pitressin at certain doses
Other work (Renzi Renzi Chart & Gaunt, 1956) leads to the presumption thit
aldosterone n Inrger dosage would hive a hyvdrocortisone like diuretic action greater
than that of desoxycorticosterone  Aldosterone m amounts of 1 6 pg or more In
hibited the natnurctic action of Pitressin qualitati ely bike the mtermediate doses of
desoxycorticosterone  When used m mumimal effectine dose ranges aldosterone
seemed to have about 25 times the antinatriuretic activity of desoxy corticosterone
This corresponds closely to the reltive sodium retamning activity of these two sterords
mn some other but not 11l hinds of test sitnations (Gaunt, Renzr & Chart 1955)

It 1s clear from this study that one cannot simply speak of corticord vasopressin
antagomsm The effects of Pitressin may be either antagomzed, enhanced or un-
altered by a corticord depending upon the steroid used 1ts dose, or the varrable
measured Such pharmacological observations do not tell us with certainty what to
expect when these hormones are secreted 1 physiological amounts under varmble
conditions They do suggest however that no simple general rules apply nd that
segregation of influences mnvolved under chimical conditions will be 2 discouragingly
difficult problem

111 RELATION OF ADRENAL TO INACGTIVATION OF
ANTIDIURETIC HORMONE
The work of Birnte (1g53) nd Ginsburg (1954} secras to establish unequn ocally on
the basis of both i 1120 and tn 1itro experiments that adrenal hormones support the
mechamsms possibly enzymatic andjor nutrntional (Lloyd 1952) which are re
sponsible for the rapid mactvation of vasopressin After adrenalectomy the half Life
of circulating exogenous vasopressin was doubled a process partially blocked by
cortisone but not by sodium chioride therapy
Such observations together with suggestive evidence of high blood levels and
accelerated release of nfiduretic hormone malke 1t probable that adrenal
sufficiency results 1n a by per vasopressimsm One cannot be certain however because
of lack of definite evidence 1n such cases that the neurohy pophysis docs not reduce 1ts
rate of sceretion and thus compensate homeostatically for 1 reduced rate of hormone

destruction
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IV INTRRACTION BETWEEN RFIEASE MFCHANISMS OF
ADRENAL AND NEUROHYIOPH1ISIAL HORMONTS

Insofir 1s the wdrenl 1nd neurohy pophysial hormones 2ot ntagomstiently 1€ nughe
be tnticipated that 1 hy perseeretion of ore wonld neste 8 hypersecrenion of the other
Within the range of phy siologicnl dosage, pharmacological evidence to support such
1n afen s not been fortheomuing On the other hand reciprocal funchon might be
ttamed by one hormone suppressing the sceretion of the ather 1t 10 this generd
ficld that the greatest progress has been m «dc recently

| Vasopressin lehe substances and release of corticotrophun (ACTH

In the senrch for the neurohumour which presumably traverses the hy pothalwmico
hypophysrl portal arculation to cruse ACTH relense much attention hiis been
directed ta the possibility thit vasopressin 15 the substance concerned  Ixogenous
vasopressin mn large dosage (like targe doses of many other tiunes) can canse ACTH
release (Nagaredt & Grunt 1951 hamurt 1954 MecCGaon & Brobeckh 1954
Sobel, Ievy Marmorston Schapiro & Rosenfeld ata? 1955 Martini & Morpurio
1955 Shibusawt, Sato Fuhudt kawat & Yoshimury 1935, Sayers & Burks 1985)
Although under certain canditions the oppostte may occur {Itoh & Anmurt 1954)
That 1t docs so 1 what tmught be considered physiclogienl amounts* has not been
shown, this 1nd other more cnincal evidence has fed to doubt that vasopressin could
be the neurohumour mvolved (Nagnreda & Gaunt, 1951 Harns Lioyd & Lobotshy
1953 Munson & Briggs 1955 Guillemn & hosenberg 1955 Much wterest awuts
Attempts to cxtend the reports suggesting that the hypothlimie neurohumour m
question 1s a substance present in posterior prtustary extricts but dafferent from vaso
pressin or oxvtoon (Guitemuin & Hewrn 5955 Saffran Schally & Benley 1055
Porter & Rumsfeld 1936 Swingle Branmch Barsett, IeBrie & Parlow 1956
Guilerun, Hearn Cheek & Housholder 19,6)

It1s ntso possible that the anudwretic hormone ~ifects corticoid exceretion by in
direct routes, €1, expansion of the extraceilular flurd volume (Davis et ol 1954}
ot mple excess hydration (Nagareda & Gaunt, 1g51) Bech Dyrenturth Giroud &
Venmng (1955) have shown an mereased xeretion of aldosterone onfv dunng the
period apter withdrawal of Patressin therapy 1 result suggesting the operation of m
direct nfluences

B I'ffert of corticards on newrshypophysial actinaty

Cavaltero Dova & Rosst (1951} working i Heller s Inbor wtory were the fisst to
report that the hormones of the drenat cartex ffected the pitwtary content of
antidruretic hormone Ths content was reduced by ndrenalectamy and restored to
varying degrees by salt desoxyrorticosterone acetate and cortisone—the latter
apprently bemy, the most effective These findings are apparently i some dis
agreement with those of Diamond {1952} They are not entirely conustent 1n detnal
but are conustent 1 principle with our observations noted beloy

Piy solog cal smornt san  en more el we term n th s case than u wal Erenf phay of

ofvas resancoul [ b v 11 cunmate L m the switemis ezt on thas would st accessariy ;:,%:‘51&;:«;}:
Ame ©3F centrat n occurs n e fypothalar co-hypophysal portal Il
By pothalarrs wa. Sctoallv acting 33 & newrohamet at sy hamer T 26 fom de
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The authors approach to the problem has been of two types (a) the vasopressin
ke content of extracts of the postenor pitwitary and hypothalamus was assayed 1n
vanous experimental situations (Lloyd and associates m the Syracuse laboratories),
(4) an attempt was madc to quantitate the amount of stamable neurosecretors
material in the ncurohypophysis under various conditions (Gaunt, Chart & Anton
chak (1956) m the CIBA laboratories)

v The effect of adrenal and prturtary hormones on the content of antidwretrc substance wn the
prturtary and kypothalamus The content of antiduretic substance of postertor pituttary
and hypothalimus was esumated by determining the decrease 1n urine flow caused
by the intrivenous njection of homogenates of these tissues into rats anaesthetized
with ethanol  All of the donor ammnals were sacrificed by decapitation under
Nembutal anaesthesia It had previously been shown that the content of hy pothalamic
and postertor pituitary antihuretic substance was essentially unchanged by Nem
butal Both lobes of the hy pophysis were routinely included in the material assayed
because numerous expeniments under different conditions farled to demonstrate
anudiuretic actvity 1n the anterior lobe The results (Lloyd & Pierog, 1955, Lloyd
& Oldford 1955 and unpublished data) are shown m Table 1 classified i terms of
the following groups

Group I Antidiurenic substance (ADS) 1s present mn large amounts 1n the posterior
lobes (200-400 mU equnalents of vasopressin) and in lesser amounts in the hypo-
thalami (10-20 mU equivalents) of normal rats Moderate dehydration produced a
variable increase of hypothalamic but loss of piturtary antidiuretic actvaty Hydra
tion resulted 1 shghtly lower levels of hypothalamic activity Both procedures de-~
creased prtuitary ADS levels Prelimmary observations in two cases suggested that
itracarotid injection of hypertonic salme solution caused 1 marked depletion of all
antidiuretic hormone stores

Group II Immediately after hypophysectomy the hypothalamus and blood con
tained very little antidwretic activity but after a month or two the hypothalamuc and
blood levels increased sigmificantly The secretory activity of the hypothalamus re-
tamed a certam flexibihty as demonstrated by the decrease of ADS following
moderate degree of dehydration and the accumulation of ADS upon hydration
These findings suggest that in the presence of an ntact hypothalamico neurohypo~
phystal system efficient mechanisms of synthesis and release easilv accommodate to
moderate changes in antidwiretic hormone requirement, whereas mn the hypo-
physectomized animal supply more readily reflects changes 1n demand

The presence of the adenohypophysis i the absence of the neurohy pophysis

influences the hypothalamic ADS content Low levels of blood ADS and very lnttle
hypothalamic ADS were found in rats with diabetes msipidus resulting from neuro
hypophysectomy afier a postoperative intery al sufficiently long to permut reorganiza-
tion of the hypothalamus and release of ADS 1n totally hypophvsectomized ammals
(Lloyd & Prerag, 1955) The explanation of the role of the anterior lobe can only
be speculative at the moment The lowering of hypothalamic ADS 1s not stmply the
result of the raprd water exchange which takes place i these animals because tl;c
levels of ADS 1re considerably lower than those in intact animals wath a compnrable
rate of water turnover resulting from the use of a hquid diet
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Tante I

The antidwretic hosmone hke content of the hypothalamus
and postenar puturtary of rats

(From Lioyd et el 1955 and unpublished }

ADS content
Treatment mU Piressin equav 4SS E No of
Hypothalamus | Post put rats
Group 1 Untreated controls 124:4~39 | 302%74 13
Altered hydration 1 | Neo water—4y8 hr 250450 7 100472 8
mtact ammals Intracarotid hypertomec t
saline* 66 160 2
Taquid diet 48 hr 97+ 07 - 6
Group 1T Hpx 3 to 8 days zo — 6
Hypophysectomy Hpx 30 days 100 — 6
{Hpx ) and Hpx godays—nowater |
neurchypophy for 48 br 50 - &
sectomy Hpy 30 days~—hquid
diet for 48 hr 210 — 6
Neurohpx 30 days— 2a — 6
diabetes msipidus i
Group 111 |
Stress  and  hydro- | Formalin stresst 254 01 614 24 6
cortisone mn mtact | Hydrocorusonel 50 0424 6 4144195 [
ammals Stress +hydrocortisone} 264 226 2113 &
Group 1V [
Stress and  hydro- | Hpx—30 days-+stress 20 s — 6
cortisone 1 hypo- { Hpx —30 days+hydro-
physectomized eorusoned V04420 - 7
anmals Hpx —30 days +hydro- §
cortisone} and stress 26+ 073 — [
Group V
Adrenalectomy (Adx ) Adx —Salt  free dict
2 days $9+ 18 1724 6o 6
Adx —Salt  free diet
2 days+hydrocorts
sone§ 634 16 307+ 6g 6
Adx —Salt  free dier
5 days 9% 20 91+ 32 [
Adx —Salt  free dict |
5 days—+hydrocorts §
sone§ B3k 15 ' 193£ 70 7

2mb of & 5 per cent NaCl
to2ml of 15 per cent formahn subeutancously 6o-go m 0 before test
1 2 5mg bwce per day for total of § dases

§ 50g tw ce per day for total of § o 10 doses




Group III In ntact ammals the admimstration of a stress in the form of sub
cutancous formaln results in decreased hypothalamic and posterior lobe ADS The
administration of hydrocortisone caused a marked 1nerease in ADS of both hypo
thalamus and posterior lobe of intact ammals

Priming with hydrocorttsone before formalin was grven crused ntact antmals to
2ccumulate large amounts of ADS 1n the posterior lobe while the hypothalamus be
came depleted

Group IV In contrast, hydrocortisone caused n mcrease of hy pothalamic ADS in
hypophysectomized ammals but did not protect against depletion as a result of stress

These expeniments could be interpreted as suggesting that a noxtous substance such
2s formalin causes 1 mosvement of ADS out of the hypothalimus mnto the posterior
lobe and thence into the blood stream 1n the mtact rat and perhaps directly 1nto the
blood stream of the hypophysectomized animals Adrenal steroids do not prevent the
{n;)gmuon from the hypothalamus but do seem to block release from the posterior

obe

Group V' Adrenalectomized rats maintamed on 1 per cent saline solution secemed to
have reltively Little change m ADS content of hypothalami or postertor lobes but
due to techmical difficulties rehable quantitative figures are not yet available It was
only after depletion of salt and development of msufficiency that sigmificant lowering
of hypothalamic and posterior lobe ADS occurred If amimals were maintained on a
low salt diet, admimstration of very large amounts of hydrocortisone which would
have caused accumulation of huge amounts of ADS in intact rits caused only partial
return toward normal vatues The corollary expeniments comparing the effects of
desoxy corticosterone and NaCl with those of the 17 OH steroids are still in an earhy
stage Our preliminary impression 15 that maintenance of amimals in good health by
either saline or DCA tends to prevent depletion of hypothalamic and posterior lobe
ADS
In all of these experiments one conststent finding was that hydrocortisone caused
increases 1 the amounts of ADS 1n the postenior pitmitary relatne to comparable
controls whatever may have been 1ts effect on hypothalamic stores of this substance
Such observations are 1n general ngreement with those cited below

2 Effects of adrenal hormones on neurosecretory material® In our hands no measurable
effect on this matenal could be obtamed with mitd or short term sumuh such as
micotine injections or short periods of dehydration We could not prevent depletion
by giving 150 or 750 mU  of Pitressin tannate although 2 5 U gave suggestive results
Obviously the procedure as we used 1t 15 a less sensitive one than that of bioassaying
total content of the tissue concerned Severe dehydration + however, caused marhed

Th doncin w thour associate Mr Ben Antonchak who wasresponsible
for the histologrcal work V¢ arc greatly mdebted to Professor E_Scharrer Albert I nstein College of Med cine
for detatled advice and suggestions concerming techn ques and procedures and to Professor J H Leathem
Ruigers Unnversity for technical help

+ Prelimnary experimentation ndicat
distinct depletion of neurosceretory mater al 1n both intact and adrenalectomized a
mature non fasted male ratsy ercg: en3 ml of 5 per cent NaClsclution per 100 g body wey
o and this dose was repeated at 12 hoon on the day the exper ments started The amimals were

f the sccond day Depletion was negl g ble when animals were killed at 717

ted that a simple dehydration procedure wh ¢h would produce a
n mals was 2 follows

ght by stomach

tube at g
sacrificed at 23 hr 1¢ gam o
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depletion of the neurosccretory matenal as others have found (cf Scharrer &
Scharrer, 1954) (Fig 3)

Effact of corticords on the neurosecretary material of the neurchypophysis in rats

=

TREATRENT l Rekatve Denily Of Neurohypoptyta % Convas | JEAAIGEZ00 ] o
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Frure 3
General explanat: ns 10 text Tte term Balance{100 tepresents the excretion of water and
sadium greater or fex. than that admum teved dunng the 24 b dehydration period Umits = wl
or mEq {100 g body weight

There was shght 1f any, depleton of neurosecretory matenal m ammals which
developed spontaneous severe adrenal wsufficiency from 7 to 21 days after operation
This confirms the work of Sawyer & Roth (1953) and Rennels Russell & Drager
(1955) but 1t does not agree with the findings of Eichner (1953) Neither did ammals
adrenalectomized for 18 hr show any differences from normal controls Adrenalecto
mized rats subjected to the 24 hr dehydraung procedure however showed a con
sistently greater depletion than mtact ammals (Fig 3) This was associated with an
expected smaller urinary loss of water and sodwm than in normal amimals
Hydrocortisone in total doses of 7 5 mg (acting over a 40 hr pertod) prevented
fepl clearly i ad I d rats and probably i intactones (P = <0 0,)
Desoxycorticosterone (free alcohol) was without consistent effect 1n mtact rats  after
adrenalectomy 1t prevented depletion but less effectnely than hydrocortisone In

™ fodo water wasallow ddunng the exper ment Anumal were kept n metabot sm cagesand th amounts
funn_ excreted measured atintenal  the amownts of soduim and potass um excreted were determ ned for
th 4 hr penod
When teroid hormones were g en the total dose wasd 1ded into three qualpa tsand mjeeted a3 follows.
t1p 0 onth day bel re the cxpe tment (which was th um  of adrenalect my for operated ansmals) and
th a hofth twodoses of hypertor csal ne The total dose acted over & 40-hr period
fostero pty tanes were fixed wn Zenker Formol solut on cut at su and staued with Gor on Halm
Daswson ald hyde fuch o The amounts of new osecr tory matenal were estimated by averaging the s lat ¢
1 ms ty of tawmabl maters | n 3 sect ans (450X magnification) from each gland The readimgs made on a
Photorolt Dens tometer and expressed 1n. pereentage terms are the higures shawnin Fg g

<
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sumilar experiments 2 5 mg doses of desoxycorticosterone were without effect and
the sxme 1mount of hydrocortisone showed only suggestive protection It 1s difficult
to reconaile these results with the report of Billenstien & Leveque (1955) that
desoxycorticosterone fcibtates discharge of neurosecretory matenal from regenerated
neurchypophysinl tissue of hypophysectomized rats For some curious rea on, how
ever some intact inimals 1n our series showed unexpectedly great depletion when
given desoxycorticosterone  This was not a consistent finding but was possibly
related to Billenstien & I eveque s results

These cxperiments, together with those cited 1n the previous section, show that
wrenilectomy 1nd sterord hormones affect both the neurohypophysil content of
antichuretic matenil and the visible substances associated with it This presumably
means cither that the corticords bt release of this matenal, facilitate 1ts synthesis
or both The choice of interpretation 1n such a case 1s one that has plagued students
of the hormone content of glands for mny years Some work pertiment to the question
15 cated below

3 Fffect of adrenal hormones on release of antidwretic hormone Gmsburg (1954) provided
evidence that adrenalectomy mn ammals facilitates the release of antidwretic hor
mone In retrospect that mterpretation probably best explamns previous data of

Effect of cortisone on free water clearance after nicotine
saline and Pitressin 1 v 1n a normal human subject
(From D gm & De pal t s—u p bl hed)

CONTROL
F ee wate —_—
cleara ¢
ol i Nicoting  Nicotine Nicotine Pitressin Sclne
05mg  10mg 15mg 20 my 3%
v f i ¢
+30F
+20F
ok
CORTISONE 100mg. PQ.
Ncotine Nicotine Nicotine Pitressm Saline
LSmg 20mg 25mg 20mU 3%
+30} + ¥ ¥ + +
+ 20}
+ 10}
o
° 30 €0 °0 20 150 180 210 240 210 300
MINUTES
Figure 4

r the wmflucnce of

ter clearance and decreased respon.1 eness 1o micotine unde
Sho ng an tncreased free \ ater cle por ¢ he infucnce o

cortisone (g ven 105 min before the test) in a subject mamtained under a constant water
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Birmie, ¢t al (1950) 1n which relatvely high levels of circulating antidiuretic activity
were ssocrated with blood withdrawal 1n adrenalectomuzed rats Wmnter (1952)
first stated that cortisene (mn contrast to desoxycorticosterone acetate) might mhibit
the release of antidiuretic hormone Recently the work of Dingman (1954) Dingman
& Thorn (1955} 'nd Dingman & Despantes (1956) indicates that cortisone, hydro
cortisone and their A analogues have this effect in man

In studying patients with ditbetes msipidus they concluded that m certain cases
hypothalamic centres could release antiduretic hormone 1 response to small doses
of mcotine when this did not occur 1n response to hypertonic sahine The antidiuretic
response to nicotine was effectively blocked by cortisone given two hours prior to the
micotme In normal subjects the mcotine mduced decrease 1n free water clearance
was blocked by cortisone hydrocortisone and predmsolone whereas that to hyper
tomc saline and Pitressin was not (Fig 4) The effects were mdependent of osmolar
or electrolyte excretion The polyuna induced in diabetes msipidus patients with
cortisone was associated with an increased free water clearance These results
together with those of Sect IV B 1 are most easily interpreted on the basis that the
17 hydroxycorticoids inhibit some part of the mechamsm for the release of the ant:
diretic hormone

V CONCLUSIONS

A review has been made of work concerned with various posstble sites and mechan
1sms of interaction between the hormones of the neurchypophysts and adrenal
cortex Most of this work has failed to lead to clean cut conclusions of a widely
acceptable sort To what extent for mstance the abnormalrttes of water metabolism
1n adrenal insufficzency or adrenal hyperfunction are due to some aberrant functron
of the neurohypophysts 1s still not clear Recent work, however has established several
apparently definite facts which although yet to be fitted into a comprehensive physio
logical picture nevertheless represent distinct contributions toward that end This
worh which had 1ts orgin 10 numerous laboeratories, may be summarized as follows

1 Different types of adrenal hormenes have different effects on the responses to
vasopressin  Vasopressm actions may be antagomzed augmented or unaffected by
1 steroud ad ation dependmng upon the nature of the steroid 1ts
dose and the variable measured Therefore generalizations m this regard about
adrenal nfluences as such are not appropriate

2 The hydrocortisone like adrenal steroids under experimental conditions at
least erther snhuibut the release or facilitate the synthesis of antidwretic hormone and
tts visible neurosecretory substrate The former mterpretation seems to be the pre
ferred one although a combimation of the two 15 not excluded A distinct difference
exists possibly qualitative 1n nature between the effects of hydrocortisone and
desoxycorticosterone in this respect

3 The mamtenance of the mechanism m various tissues which accounts for the
rapid mactivation of antidwuretic hormone 1s functionally dependent on hydro
cortisone like adrenal steroids

4 The postulated neurchumoral substance of hypothalarmic ongm which causes
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release of corticotrophin (ACTH) 15 probably closely related chemically to the known
neurohy pophysial hormones

Such findings suggest that the functional nterrelatonship between the adrenal
cortex and neurohy pophysis 1s a many faceted one The corticoids apparently affect
neurohypophystal actwvaty per se but 1n addition affect the response to neurohy pophy
st1l hormones and such related matters as their rate of mactivation A reciprocal
aspect 1s that ACTH release, and hence certain aspects of adrenal function 15 prob
ably under the control of hypothalamic neurchumours closely related to the known
neurohypophysial hormones If all of this 1s the case, the relationship involved can
not be reduced to terms of simple defimtion and generalization analogous to those
between the trophic hormones and their target glands
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Dascussion
Charrman H B van Dyte

Chalmers 1 would like to ask a question concerning Dr Lloyd s findings and that 1s
whether the antidiuretic material was depleted in the adrenalectomized animals
treated with DCA?
Ligyd We adrenalectomized anrmals leaving them for a week on 1 per cent salt and
then did measurements of the antidiuretic hormone content of the hypothalamus
and posterior lobe and could not show any real decrease We then decided that
order o get more definite changes we had 1o expose the ammals to more severe
conditions We put the amimals on a salt free diet and found that we did get a reason
able depletion of the hormone content and with hydrocortisone we got a repletion
We now have got about seven ammals 1n each group that 1s to say animals which
have been on desoxycorticosterone trimethylacetate plus salt and anmimals mamntained
on salt alone These animals were maintained for as long as three weeks there was
moderate depletion but not nearly as great a depletion as 1n the ammals which are
lowed to become insufficient We have now a few expersments with ammals given
DCA and in contrast to cortisone we found very httle mcrease in the antiduretic
actvity 1n the hypothalamus or posterior lobe

zan Dyke Do you feel that you have secured a significant lowening of the antidiuretic
titres 1n the hypothalamus®
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Ligyd For fifteen observations the standard error 15 less than 420 per cent

Bargmann Thd you get depletion after total adrenalectomy ? Eichner (& Zellforsch
37 406, 1953) obtamed remarkble depletion of the neural lobe exghteen hours after
adrenalectomy and I remember that Malandra and Corbetta (& Zellforsch 39, 318
1953) also observed some depletion

Gaunt We re aware that some but not all others had found depletion after ssmple
adrennlectomy We did not The difference might depend upon the handling or
strun of 1mimals Certainly the adrenalectormzed animal 1s susceptible to depletion
after 1 stimulus such 1s dehydration

Heller T wonder 1f these observations do not fall 1nto place when one considers the
results of Ginsburg (J Endocr 11, 165, 1954) who showed that haemorrhage 1s a
morc potent stimulus for hormone release from the neurohypophysts in adrenalecto
mized rats than in normal amimals Dehydration seems also to be a more potent
stimulus after adrenalectomy

Ross: Dr Gaunt stated that a stress by mjection of formalin induced a marked deple
tion of antidretic hormone from the neurohypophysis I should like to pomnt out that
n experiments which we have done 1n Prof Heller s department {Cavallero Dova &
Rosst ¥ Lndocr 10, 228 1954) we observed a similar depletion of the hormone
through the stress of sham ndrenalectomy but this depletion disappeared withm
three to five days after the operation Concerning Dr Lloyd s report about the
mcomplete recovery of the antidwuretic hormone content in the neurohy pophysis of
adrenalectomized rats treated with compound F and sodium chlorde, 1 would Iihe
to recall that we failed to find 1n the neurohypophysis of adrenalectomized rats lter
57 days treatment with cortisone nd salt any sigmficant decrease i antidiuretic
hormone as compared with normal control

Garrod 1 would bike to ash Dr Gaunt 1 question regarding the expertment 1n which
hydrocortisone wns limiting the antidiuresss from Pitressin Has he got any evidence
to suggest whether this 1s a direct antagomsm at the renal tubular level or merely
secondarytoansem GT R ?

Gaunt In our experiments direct renal cffects of the steroids could theoretically have
explamned the results We did not do the measurements to find out Howesver, in
some experiment not constdered here today we got sumilar effect of steroids under
conditions in which we could not detect (with our techmques) changes m G F R

Reiss Dr Gaunt has raised the question as to whether the antagomsm he has found
between hydrocortisone and the antidwretic hormone has any phystological signific

ance I would rather suggest that 1t has We can show 1t in psychiatric cases, party

cularly m depressive patients who excrete very little unne We have scen some
who excrete only 220 ml urine per day If the depression improves the rite of urine
excretion goes up by about one thousand per cent In such cases we have measured
the rate of hydrocorusone excretion and found that when they excrete very httle
there 15 only very hitle hydrocortsone 1n the urine and when they recover

urinc,
’ case 1n 17 hetosteroid output

there 1s an enormous ncr
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Heller Returning to the question of the hormone content of the neural lobe
ndrenalectornized rats Dr Gaunt mentioned that some workers found an mcrease
and others a decrease If I remember rightly Sawyer (Sawyer & Roth, Fed Proc 12,
125 1953) for example mensured the oxytocic content That was at 2 time when we
were not aware that the hormones may be secreted separately and I think that his
results may have to be regarded 1n that hight

Sauwyer That 15 absolutely nght Another point 1s that our laboratory diet appears to
have been relatively high 1n sodium content and when these adrenalectomized rats
were maintained on this diet and tap water they survived for about two weeks They
do lose a lot of weight and the plasma sodium levels are extremely low The hormone
content of the neural lobe granted they were oxytocic assays, mcreased

In the earhier part you were talkmg about the enhancement of natriuresis with
compound F Is this an effect of compound F atself or an enhancement of the action
of Pitressin?®

Gaunt Compound F will have the effect when given alone but it 1s greater when given
with Prtressin

de Wardener 1 wonder if the adrenal 1s concerned with the finding that in dehydration
the concentration of the urine 1s greater than after giving Pitressin: Thus discrepancy
becomes more marked with increasing hydration until 1n the case of obsessional
polydipsia the patient may no longer be able to concentrate above the osmolarity of
plasma however much Pitressin 1s given

Gaunt 1 do not know anything about such chromc states—if one hydrates with dis
tilled water acutely an adrenal ascorbic acid depletion occurs Simular volumes of
normal saline will not have any effect on this measure of adrenal activity

Ginsburg 1 am not happy about antidiuretic assays on gland extracts which may con

tamn vanable amounts of oxytocin particularly if these assays were done on rats It
has been shown that the oxytocic principle can have a diuretic effect 1n rats and if the
oxytocin content 1s changing in some unknown way 1t may effect the antidwretic
assay The other point I wish to make concerns Dr Gaunt s use of the word 1nactva

tion when referring to my work on the fate of Pitressin 1n adrenalectomized amimals

I would rather say clearance All that I could show was that after mjection of a
large dose of vasopressin the activity disappeared from the blood rather more slowly
than in normal anmmals T do not know anything about what happened to the vaso

pre sin when 1t was taken up by the mactivating tissues As to the phystological
sigmficance of this observation, I was very careful about 1ts mterpretation because 1t
seemed to be possible that 1t may be due to a vascular effect 1f for example the renat
vessels were very much more sensitive to the vasoconstrictor action of Pitres i in
the adrenalectomized animal that could account for the failure of the hidneys to take
up the material

van Dyke Does oxytocin have a duretic effect after intrav enous myection
Ginsburg T do not know It has after subcutaneous mjection but I do not think 1t has

been tried after mtravenous mjection m rats
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neurohypophysial relationships
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1 CHESTER JONES
Department of Zoology Unsiersity of Luerpool

EvoLuTion of the vertebrates has been accompanied by elrboration of mechanisms
which tend to preserve homeostasis One essential attribute of the successful verte
brate, or of the Craniata at least 1s the capacity to regulate water and 1onic exchange
The Myxinoidea apart which mamtain m therr plasma concentrations of norgame
10ns equivalent to those of the surrounding sea water (Robertson, 1954) members of
the different vertebrate classes enjoy a constancy of nternal medium thereby with
standing the vicissitudes of environments varying from total immersion 1n fresh water
to the dehydration of the desert From consideration of experimental work on a few
species of mammals principally of the Eutherta, two glands of mternal secretion
namely the adrenal cortex and the neurohypophysis (and assocrated hypothalamic
centres) have been assigned a major role in that equipage of the vertebrate body
which mamtamns internal steadiness in the face of external change How fir we are
justified 1 extending the argument from mammals to nclude all vertebrates 1s not
sure and there 15 little work i the field to help us (Chester Jones 1g56¢ 5} Some of
this work T shall discuss later I should like m the first place however to consider
some of the facts n the rat an amimal on which much of our knowledge 1s based
This part may be regarded as an appendix to Dr Gaunt s excellent paper in which
he and his colleagues have clearly shown the present position of the problem of
adrenocortical neurchypophysial relationships m Is and have adduced
helpful new data

MAMMALIAN STUDIES

I have used rats from which the posterior lobe of the pitwmitary was removed Neuro
hypophysectomy was done by the parapharyngeal approach and the posterior lobe
removed without mamfest disturbance of the antersor lobe of the piturtary All such
operated ammals developed a marhed polyuna the water intake varying between 5
to g times that of the normal anmmal This temporary phase of diabetes insipidus
lasted for up to three weeks when there was a declime The water mtake of many
ammals fell to that of normal rats In the minonty the declne was not so great

steadymng 1t a water intahe of 4 to 5 umes the mtake of normal amimals and mamtamn

ing this level for up to three post operative months beyond which T have not kept
them Such animals are regarded as having permanent diabetes insipidus Exarmma

tion of sections of the pitwitary and hypothalamus of the rat with permanent
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dinbetes insipidus reveals an antertor lobe of normal appearance and degeneration
of the hypothalamic suprasptic and parasentricular nucler

Apart fiom the polyuna (the specific gravity of the urine being 1 007 40 003
compared with the normal figure of 1 051 46 004) the rats with diabetes msipidus
show no obvious physiologrenl abnormalities Thus, the growth rate 1s unaltered for
example one group of 34 male rats weighed 151 3+2 7 ¢ 1t operation and 213 4+
4 48,48 days Inter, wlile the control group of 22 rats weighed 192 44 4g nd 257 1
+5 2 g over the same pertod In female rats with dinbetes insypidus the oestrous
cycle 1s of normal duration Ior example one group of 7 females with permanent
dnbetes insipidus investigated for a month had a mean body weight of 202 952 4
g n food wmntake per 24 hr of 16 131018 g, a water intake per 24 hr penod of
9t g2 41 og ml and 1 metn duration of oestrous cycle of 5 2 days Six female con
trols over the syme period gave body werght 229 50 42 24 g, food mntake 14 82+
0 31 g, waterintake 21 06 +0 75 ml, and oestrous cycle of 5 days duration Itseems
reasonable to suppose that any physiological difference found to exist betw een normal
rats and rats with diabetes mnsipidus would depend primarily on the increase in flnd
exchange of the latter

TasLe I

The adrenal weights of male and female rats with diabetes instpedus
compared with those of control antmals
{Means +standard error }

body werght adrenal weight
n g mg /100 g
i | body weight
(a) Veurohypophysectomized for one lo tiwo weeks
Males with diabetes msiprdus 19 210 52+ 514 25 2311 02
Control males 39 224 59+ 2 19 15614078
Females with diabetes insiprdus 10 184 50+ 3 97 48 8142 14
Control females 19 193 42+ 5 20 32 07:£1 20

(b Newrohy pophyseciomazed for tuo to three months

Males with diabetes insipidus 28 233 75+ 6 96 16 2g4-0 76
Control males 20 257 20k 548 12 1540 39
Females with diabetes msipidus [ 207 83412 45 37 73197
Control females 12 198 25k 508 31 1041 27

One difference 1s that the adrenal weights of male and female rats with either
‘temporary’ or permanent diabetes mnsipidus are greater than those of the glands
from control ammals, this s statistrcally significant (P > o oot) (Table1) Histolog
1cal sections of these enlarged adrenals (Plate 1, nos 1-6) show that the zona
glgmerulom 1s narrow or nbsent The zona fasciculat runs nght up to the gu;rr
connective tissue capsule or M other cases a narrow zone of compact cells probably
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Plate 1

Lhotographs of pa tof the adrenal cort ces of female atsind ff ent pe mentalcond t 5ns (Boun H &E)
t Normal The outer conneet ¢ t sue cap ul  the zona glomerulosa the ona intermed a and the guter
zona fasc culata an be seen (X 150)
Dabtsn pidus \na row ona glomerulosa intenvenes between th capsulc and th hypertrophied ona
fascrculata (X 150)
3 Normal smjectedw th 51U ACTH (1 ng a t ng Armou ) per day for 3 davs A narrow zona glomerulo a
It venes et cen th ¢ psule and the hypertrophied zona fasciculata (X r50)
4 Partof (1) The normal ona glomerulosa (X 440)
5 Part of (2) The n rrow 20na glome ulosa lyng between the capsule and th 2 na

fasciculata (X 440)
b Pactof (3) The n rrow zona glamerulosa obta ned after ACTH. nyectio s ( x 446)
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Plate n
Lffects of changes 1n salimity on
the amount of neurosecretory
matenal i the pars pano-
cellutarss of the nucleus pre
opticus of Ammodytes lanceolat it
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ace to Gabe) 4 = Control (in
normal sca water) B =m
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C ¢ aspects of ad ! neurohy pophysial relationships

representing the zona glomerulosa and sometimes the zona intermedia intervenes
(Plate1 nos 2 and 5 Chester Jones & Wright 1954 Chester Jones 19,65) Thesame
effect can be obtained by injecting ACTH mto normal rats (Plater nos 3and 6) It
seems that nising titres of AGTH 1n the ntact animal are accompanied by enlarge
ment of the zona fasciculata and by dimmution of the zona glomerulosa Thus has
been seen by other workers (Selye & Stone, 1950 Baker, 1952 Tonutti Bahner &
Muschke 1954, hrohn 1955) On the basis of weight change and histology the
adrenal cortex of the rat with diabetes msipidus may be regarded as hyperactine
Baisset Douste Blazy Planel & Montastruc (1954) come to ¢ sumlar conclusion for
dogs with experimental diabetes msipidus

The ¢ q1 of adrenalectorny of the rat are well known and these must be
due 1n large measure to the absence of corticosteroids In addition 1t has been sug
gested that the secretion of the posterior lobe of the pituitary and associated
hypothalamic centres now unmfluenced by cortical hormones contributes to the en
hanced renal reabsorption of water and to the increased sodtum loss so charactenistic
of the adrenal d eutherian 1 (Gaunt 1951) On this hypothesss 1t
was to be expected that differences might be found between on the one hand ad
renalectornized control ammals which have antidiuretic hormone but no adreno
cortical hormones and, on the other adrenalectormized rats with permanent diabetes
msipidus which have no or mummal antidiuretc hormone and no adreno
cortical hormones Such proved to be the case (Table 1) Control ammals and rats

TasLe 11

Changes wn the sodim and potassum concentration of plasma and muscle following adrenalectomy
of female vats wsth and without diabetes tnsiprdus
{Means 4-standard error )

I : ! o
1 Muscle
! Body Plasma —_—
Group I n | weighe mEq /| |m£q [kg wet wt | per cent
; o Na h lNa k| water
Controls \ 12 | 19063 | 14836 406 l 2339 10026 | 7,43
494 | 422 fo22 ' to3r 4ogg | togsg
Duabetes msindus for | o | 17685 | 14640 493 ! 2595 9926 | 7,78
2 to 3 months \ +2 61 +181 Foi1g [ 148 4163 40 29
Controls  adrenalec ‘ 12 189 88 | 131 85 783 | 1833 11008 76 6o
tormzed for 8 days | +590 | +270 +o13 | £r49 +r192 |H4o3g
Diabetes msiprdus 10 196 50 | 146 16 603 19 68 10518 76 oo
adrenalectomized +550 | £310 +o18 | Lofo 182 | to6y
for 8 days |
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1 CHESTER JONES

with diabetes mnstpidus hnd similar values for sodium nd potassum content of
plasma and muscle Control adrenalectomized animals showed a fall 1n sodium
content and an increase in potassium content of plasma and muscle, generally found
m the adrenalectomized eutherian Adrenalectomy of rats with ditbetes msiprdus
was not followed, however, by a fall in plasma sodium content the figure bemg of
the same order as that found 1n control ammals, the amount of plisma and muscle
potassium was mncreased above normal values though in neither was the increase as
great s that occurring 1n the adrenalectomized controls The sodium content of the
muscle of adrenalectomized rats with diabetes msypdus did not decline to the srme
extent as 1n tdrenalectomized controls but the figure 15 clearly less than that for
normals The water content of muscle mcreased after adrenlectoms, a hittle more m
the adrenalectormized controls than m the adremalectomized rats with diibetes
wsipidus, but this difference 1s not statistically sigmificant This figding of normal
sodium v 1lues for the blood of adrenalectomized rats with dibetes msypidus con
firms those of Winter wnd his co workers (Winter, Gross & Ingram, 1938 Ingram &
Winter, 1938 Winter Ingram Gross & Sattler 1941) for the cat adrenalectomized
after the estabhish of drbetes insipidus It seems that the rat 1n the absence of
both adrenocortic1l and antidiuretic hormones 1s able to conserve sodium  to some
extent even mn the face of a continued excretion of an appreciable amount of water
the mtake of the adrenalectomized rat with diabetes msiprdus bemg about twice that
of the normal animal per 24 hr (see below) It may be that the enzyme systems 1n
the tubular epithehum concerned with the active transport of sodium can function
without these two types of hormone which modify but do not imtiate thewr actwity
Injection of posterior lobe hormones mto adrenalectomized rats with diabetes
msiprdus brought about a decline mn plasma sodium content but i the doses used,
also produced termmal symptoms which vre m any case assoctated with sodium
loss Experiments to demonstrate whether oxy tocin or vasopressin or bath will lower
the normal levels of plasma sodrum 1n adrenalectomrzed rats with diabetes isiprdus
when stll 1n good health 1re in progress
Further evidence for differences in capacity for sodium conservation between ad
renalectormized vontrols and adrenalectomized rats with diabetes msiprdus 1s given
by 24 hr metabolic studies The rat with permanent diabetes msiprdus eats about
the same amount or 1 little more per 24 hr than the norm il ammal and drinks four
to five times as much (Fig 1) After adrenlectory of both hinds of animal the food
mtake dechines sharply and then mouns slowly (Fig 2) and falls precipitously before
death The water wtntake of the ditbetes msipidus ammal drops to about half after
adrenalectomy (Fig 1) Adrenalectomy of control animals 1s followed by erther un
changed water mntake or a shightly mcreased one Both control and diabetes msipidus
antmals are 1 sodium and potassium balance Adrenalectomized controls lrave 2
negative sodm and 2 positne potassium balance In the adrenalectormized rat
with dinbetes insipidus there 15 some sodium loss up to 48 hr after operation this
then becomes small, retentron of potassium 1s not so marhed as in the adrenalectom
1zed contrals Figure 2 1n which the ratio of sodium to potassium excreted is plotted
itustrates ths trend
1g¥l?:ts:x‘ll):fl’tunon of saline for tap water to drnk keeps both the adrenalectomized
and the adrenalectomized rat wath diabetes nsiptdus in apparently good health Rats
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Comparatire aspects of adrenocortical reurohy pophysial relationships

with drabetes msipidus drink large quantities of sihine before operation and 1lthough
the intake drops immedintely after operation 1t then increases (Frg 1) and can reach
high figures \ost control ammals drink about the same amount of saline as they do
of tap-water but after adrenalectomy such amimals match the adrenalectomized rats
wath diabetes msipidus mn sabine intahe Constant ingestion of siline heeps the distry
bution of electrolytes 1n the body at or near normal levels presumably by osmotic
means and n the tubule m1yv facihitate potassium excretion It 1> probable that
secretion of antrdhuretic hormone 1n adrenalectomized controls has little relevance in
the reactions to saline ingestion In both types of ammal the paramount factor 1s the
absence of adrenccortical hormones the nise in glomerular filtration rite the large
amount of sodium transported by the renal tubule and the tendency to dehydration
The reactions of an anmal to daily ntake of food and water offered freely and
those to an admumstered load differ sidely Loading rats by stomach tube with
different solutions 1s 2 method whereby some aspects of hormonal competence can
beassessed agamst a background of renal dynamics not themselves easy of resolution
I used the method of giving exther water or hypertome saline or hypertonic potisstum
chloride to varous categones of rats Details including doses are gisen by Boss, Birme
& Gaunt (1950) and Chester Jones & Spalding (1954} Inall three tvpes there was
a pnming dose of water follow ed one hour later by exther water orsalue or potassam
chlornide These loads were given to the following categories of ammals (1) controls
that 1s animals with antidretic hormone and adrenocortical hormones (n) rats
with permanent diabetes insiprdus with no antidiuretic hormone (or mmimal quan
tities) but with adrenocortical hormones (m) adrenalectormized controls that 1s
ammals with antidiuretic hormone but no adrenocortical hormones (1) rdrenal
ectormized ratswith drabetes mstprdus with no antidiuretic hormone or adrenocortical
hormones The results are grven i Tablenr It should be noted that adrenalectomized
antmals of both kinds have a slower rate of absorption from the gut (so that in the first
hour normal anmmals have absorbed 50 per cent of the water load while adrenal
ectomized ammals have absorbed 22 8 per cent) a lower blood pressure and a
slower glomerular filtration rate than unadrenalectomized anmals (Table m) This
means that the actual rate of presentation of filtrate to the nephron 1s less than
normal ammals The followng points may be made from exarmnation of Table m

I The consequences of loading with water

(1) Normal rats and rats with diabetes insipidus excrete water at simular rates and
have much the same GF R

(2) Both adrenalectormzed controls and adrenal, d rats with diabetes m
sipidus have equal difficulty 1n excreting water this despite the absence of detectable
antidiuretic substances mn the blood of the latter when the method of Bunie Eversole
Boss Osborn & Gaunt (1950) was used although the blood of adrenalectormzed
animals does show antdruretsc activity after this method (Birnee ef af 1950 Ames
& van Dyke 1952 Ginsburg 1954)

(3) Adrenalcctjormzcd ammals excrete ittle urine but ths 1s high in sodium content
‘Under these any capacity p d by adr d rats with diabetes
msiptdus to consenve sodium beyond that of adrenalectomized controls 15 not

T
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Tasre 111

The output of unne sodwm and potassium and the glomerular filtration rate (G F R ) of normal male
and female rats rats with permanent digbetes msiprdus saots advenalectom.ed for 4 days and rats
with permanent diabetes insipidus adrenalectomuzed for 4 days after loads (caleulated at 3mi [100 om

surface area) by stomach tube of (s) distilled waler or (1) hspertontc saline (5mg fml) or ()
Iypertome potasstum chlonde (5 mg [ml ) The blood pressure (taken 1n urethane anaesthesia) 15 abo

guien for the four categories of ammals
(Means t-standard error )

Na K l GFR

’ Urine I Blood
n ml froog | nucro eq /100g | ml fro0 g / | pressure
mm ( mm mn mm Hg
1t ater loading
Controls 29 | o036 0 053 0145 o boo 1089
i + oo1g + 0045 4+ o1g + 059 +27
Duiabetes insipidus | 10 0034 0049 o127 0 581 960
4 0025 + 0037 %+ o0g + g 427
Adrenalectom.ed ) 30 0 0037 o 320 o 101 o 103 575
) _k goo05 + a53 4 012 + 0tb +15
Diabetes msiprdus | 12 0 0026 0314 } 0 097 o112 559
and adrepalec + o004 + 077 + 009 + o026 +13
tormzed | }
Hjpertonic saline loading
Controls 19 0 023 2 81 o 362 1289
| ‘ + o016 + 27 + 029 4 18¢
Drabetes insipridus T 0 046 594 f 0 399 1407
+ ooz2g + 17 ‘ + o0obg + 16
l )
Adrenalectormized | 12 o016 187 0134 0143
=+ oo + 137 + or12 4 024
)
Diabetes msiprdus ‘ 9 0014 136 0126 o112
and idrenalec + oo4 + 26 + 028 + o023
tomyzed E
Hypertome potasstum chlonde loading
1 30 0031 11y 2 96 275
Controls ' ’ oo i , iy o
0042 132 2 70 314
Duabetes insipidus 9 hibost Lo in ) . }
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reverled Presumably (1) water ingestion dces not tend to stumulate secretion of
anudiuretic hormone 1n adrenalectomized controls (1) the hidneys react differently
when the amimal 15 coping with administered loads and when 1t responds to eating
and dnnking ad [ibitum

’

11 The consequences of loading with hypertonic salne

(1) The admunistration of hy pertonic saline clearly differentiates between control
ammals and those with diabetes insipidus (see Hare Hare & Philips 1943 Hichey
& Hare 1944) The unne output of normal ammals 1s reduced compared with that
obtasned after the admimstration of an equnalent solume of water The basis of this
15 the release of antidwretic hormone under the mfluence of the mncreased effective
osmotic pressure of the blood (Verney 1947) The rats with diabetes msipidus show
a dwresis not only of water but also of sodium The output of potassum 15 about
the same in normal and m dnbetes wsipdus rats 1t 15 mereased beyond that
obtamed after water loads because of the increased G F R brought about by hyper
tonic sahne admimstration

(2) Adrenalectomized rats gnen hypertonic saline do not show this significant
increase of G F R but the output of unine 1s mcreased above that given after water
loads Bristol & Dnll (1g52) have shown that the response of adrenalectormzed rats
to saline loads depends on the strength of solution and the time after operation it 1s
admustered and one factor involved must be the capactty of the salme to alter
glomerular filtration rate Though both ty pes of adrenalectormzed amimals have the
same order of G F R and excrete similar amounts of potassium (Tablenr) the output
of sodium 1n adrenalectomized animals with diabetes insipidus 1s sigmificantly smaller
than that 1n adrenalectormzed controls It may be that under these conditions the
absence of antiduretic hormone allows of greater sodium reabsorption wile ant1
diuretic hormone f ed by cortic ds actually enh sodium ex
cretion  Nevertheless the adrenalectormized rat with diabetes msipidus without
antidwuretic hormone or adrenocortical hormones cannot respond to hypertonic
saline by a water and sodum diuresss 1n the same way as the rat with diabetes
nsipidus and mtact adrenals

L The g of kypertonic p ckloride loading

(1) Hypertonc potassium chlonide produces a good urine flow 1 both normal and
diabetes msipidus rats the former do not show such a prompt diuresis in hour 1 as
do the latter The glomerular filtration rates in both cases are considerably mcreased
above those figures given after water and saline loading The excretion of potasstum
1s at a high rate in both types of ammal Of particular interest 1s the vast amount of
sodum excreted though sodum was not admmistered The amount 1s about 20
tumes that given after water Joading though the G F R wath potassium chloride load-
mg was increased only 41 trmes Presumably potassium and sodium compete for
hydrogen 1on 1n a cation exchange mechamsm (Berlmer 1952) With the floodmg
of the renal tubule by Potasstum and 1ts presumably copious re secretion there 1s
reduced hydrogen 10n secretion and this 1s mirrored mn the alkahmty of the urine
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after potissrum mgeshon With less hydrogen 1on Wwvailable the normal rebsorption
of sodium 1s lessened and more appears i the urine This may operte without post
tne hormonal action On the other hand rats with relatis ¢ adrenal msufficiency after
drenal enucleation wnd regeneration (Chester Jones & Spalding, 154, Chester
Jones  1956a) cxcrete wter (0027400012 ml /100 g/mm) and potassum
{2 b5 -£0 087 micro ¢q /100 g ‘min } 2t about normal rates but sodium at a dimimnshed
rate (0 543 +0 073 micro eq /100 ¢ fmn ) (compare s 1lues i Table m) This may
tllustrate the need of adequate cortrcosteroid secretion both for reabsorption and for
excretion of sodium, 1 pardox of the nctions of adrenocortical hormones
When we talk about 1drenocortical hormones what hormones do we mean? The
rit secretes corticosterone nd aldosterone  other ammals the latter nd vanying
proportions of Kendlls compounds B wnd I 1mong other steroids (Hechter &
Pincus, 1954) T have recently started some expersments i which rather thin gnea
load by stomach tube I hwve infused rats intravenously 1t a constant rate after
external jugular vein cannulation (Cinsburg & Heller 1953) My experniments are m
the prelimtarystages and so far I have only infused ratswith hy pertonic saline, chosen
because 1t grves such an obvious differcnce between normal and drabetes insipidus
rats Thus during hour 1 of the nfusion of 1 2 per cent saline 1t 0 1 ml /mn rats
with dibetes msipidus do not put out a great deal more unne than normal animals
(Fig 3) Inhour 2 and subsequently, however, while normal rts rech 1 stendy state
the output of urtne 1 diabetes insiprdus rats 15 rather more than the solume of saltne
mfused 1nd wdeed the drabetes insiprdus rat loses tbout 2 per cent of 1ts body
weight over 1 4 or 5 hour miusion period At the same time the output of sodmm and
potassium n normal and diabetes msiprdus rats 1s about the same rats with diabetes
msipidus not showing a sodtum diurests 15 they did when hypertonic saline was gren
by stomtch tube Aldosterone n a 3 microgramme dose given slowly mtravenously
at the end of hour 1 {Fig 3) depressed the urine cutput of ammnls with diabetts
msiprdus This increased rennl rexbsorption of water seems to be correlated with the
incretsed reabsorption of sodwm which 1s also mamifested Aldosterone then, does
not seem to have 0y direct effect on the rate of water excretion m the doses used
(Simpson & Tt 1955) Simmla rlymntravenous iyection of aldosterone at hour 3 into
adrennlectomized rats contimuously mfused with hy pertonte siline does not alter the
amount of urine excreted comprred with normal rats under these conditions On these
grounds, 1t would be supposed that the hyperactrve 1drenal of the rat with dinbetes
insipidus 1s not secreting increased amounts of 1ldosterone but of corticosterone It
mght be argued that corticosterone 1n rats and 17 hydroxycorticosterone mn some
other amimals has 2 positive diuretic effect contributing at the tubular level to the
excretion of water by as one conceivable mechamsm  altering the permeabihity to
watee of the epithelium (as discussed by Dr Wirz n this sympostunt) There 15
evidence that cortisol 1nd cortone wiil cause a diuresis in adrenalectomuzed nm als
and 1n the Addisoman 1nd that this effect 1» beyond that due to increased glomerular
filtratron rate But cortisol can 1tself cause sodium retention 1nd under certain con
ditions such 1n action may be eccompamed by increwsed water reabsorption
Paradoses 1rse because corticosterotds can only act within the hmuts of the rfcnl::
dynamucs at the time therr actions arc n part determined by the composition of ¢
filtrite  the renal tubule
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The urine od um and pota  um output of normal rats and rats with d abetes s p dus mfu ed mt a

venously with hype ton ¢ sal ne (3 27 per cent ) at the rate of 0 1 ml peem n f 1.4 hours Aldosterone

(34g) was nfus d slowly at the end of hou 1 ntorats wth d betes s pdu  th marked water

du 15 of rats with d abetes nsipidus following hypertonic sal ne  as supp essed by aldoste one
con cquent on the accompany g od um retent on

Other difficultres anse from the complex nature of the mechamsms apparently
controling ACTH release Workers who use changes i urine output as mdicative
of antidiuretic hormone action alone are sgnonng the factors mtroduced by cortr
costeroid secretion which may indeed be enhanced by the very test procedures used
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Thus, the manipulation necessary to gne fluids by stomach tube causes a depletion
of udrenl ascorbic acid content (Nowell, unpublished) The degree of this depletion
1s about the same with sertion of the stomach tube without grng 1 solution as with
loadmng with hypertomic s2line or with Ringer s solutian 1sotonic to the body fluids

This means that results obtamed by londing by stomach tube are 1ffected by the hand

Iing of the tnimatand this must alter the results—1n an unknown way Especially soas
we do not know what depletion of rdrenal ascorbic acid content means in terms of
the hormones secreted by the adrenal cortex With the Apparent multiphicity of
types of corticotrophm tnd of the hinds of corticosterords not all bemng equally
dependent on release by ACTH, this problem may be regarded as a hittle confused

But 1s aldosterone 15 at Ieast m part 1f not wholly mdependent of ACTH secretion

- 40

g

S Stomach tube loading Intravenous tnjection

2 stressed non stressed

g 30

g

B

k]

520

2

a.

by

<

g 10

-

g

a
Sham Hypertonic Ringer s 308 mM Ringer's
njected saline solution saline solution

Figure 4

The depletion of adrenal ascorine acid (estimated by Roe & Ructher s (1943) method) follos mg u ¢ of the
stomach tube and of intravenou injection While the mampulation atself associated wath the insertion of the
stomach tube caused matked deplevon 1t 1 as possible to give 6l Ringers solution sto Iy tat avenously
with only a smal {7 per cent  fall n adrenal ascorbic acid On the other hand Bml_of hyperton ¢ {twice
1otonic saline effected a marked depletion The mnfus on of hypertonc sal ne presumably called forth anti
d uretic hormone secretion and this may be a factor accounting for the difference 1n response 1n terms of
adrenal ascorbic ac d change between this solutton and the 1sotonic one (From Nowell unpublished )

1t would be reasonable to suppose that mn the rat il 1n adrenal ascorbic acid con
tent 1s assocsted with increased corticosterone production We have found, however,
that 1t 15 possible to admurnuster solutions to rats without causing stress by the very
process of injection (Nowell & Chester Jones unpublished) Rats with the external
jugularvemn cannulated can be given solutions through the cannulawithout awareness
of the procedure by the rat in terms of varirtion 1n adrenal ascorbic acid content
Using this expermmental approach 1t was found that hypertonic saline {twice 150
tonic) delered intravenously caused a marked fall 1n adrenal ascorbic acid content
wlule the s 1me volume of 1sotome Ringer solution caused only a small drop (Fig 4)
Thns may mean that (1)—the addition of hypertome salne to the blood caused the
secretion of antrdiuretic hormone which 1n turn 1s an effector 1n the release of ACTH
Thus then would be the obligatory release of ACTH That 1s conditions which release
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antidruretic hormone (or a substance accompanying 1t?) must of necessity, rrrespec
tive of the renal needs of the 1mmal release ACTH to activate the adrenal or that
{u)—hypertonic saline mjection results n the need for the animal to excrete sodium
The renal mechamsms molved require corticosterords and the corticotrophmn
adrenocortical hormone mechamsm 1s actnvated This would imply increased secre
tion of corticosterone rather than any change 1n aldosterone secretion wiich may be
dimimished

It 15 an interesting development of recent researches that the hypothalanuc factor
which 1s responsible for secretion of ACTH has been equated with the antidwretic
hormone or to a similar factor contained within commercaial vasopressint (Prtressin)
(see Martim & Morpurgo, 1955 Gauntetal above) Ifwe consider the reaction of the
rat with diabetes insspidus to stress we are examining an animal with no (or httle)
antidwretic hormone While control ammals placed m the cold at 30 F for 1 hour
show a marked fall 1n adrenal ascorbic acid content rats with diabetes mnstprdus show
only a small drop of adrenal ascorbic acid content under these conditions (Fig 5)
Furthermore mmjection of v 1sopressin in a dose of 0 3 U half an hour before exposure
to cold allows the adrenal ascorbic 1exd content to fall markedly approaching though
not equ illing control figures (F1g 5) Sham njection does not have this effect nor does

Y
S

Neurohypophysectomized

o
S

1

per cent depletion of ascorbic actd
»
S

Controls 50 days 10 days 10 days
plus03 U
Pitressin
Figure 5

The change n adrenal asco b c acid content of ats s 1 en exposed t0 30 F for 1 hou \ormal an: nals sho ved
a342pe cent depl ton of adrenal asco b ¢ acid Rats with diabetes msip dus fo 10 days showed 1 tile
depleton nd those wth d abetes np dus for 50 days athe mo e but st Wonly 14 per cent deplet (n The
i) ction of 300 mU P tressint half an hour before expo u ¢ to cold of rats neurohypophysectomized for 1o
day wa followed by a 24 per ¢ At depl t on of adrenal ascorbic ac d content (I' om \owell unpubli hed )

1t occur 1n hypophysectomized rnimals 1t seems therefore that something in Pitressin
eltcits ACTH release The fact that the diibetes msiprdus rat does not react to cold
stress a3 does the normal animal may be due to (1) the lack of antidiuretic hormone {or
an associated substance) so that the effector for the release of ACTH 15 absent or {u)
since the diabetes nsipidus rat has a hyperactive adrenal any case the animal
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Thus, the mampulation necessary o give fluids by stomach tube causes 1 depletson
ofadrenal ascorbic 2c1d content (Nowell, unpublished) The degree of this deplenon
15 about the stme with wsertion of the stomach tube without g1ving a solution as with
lording with hypertonic salme or with Ringer’s solution 1sotonic to the bodv fluids

This means that results obtauned by loading by stomach tube are affected by the hand

hing of the antmnl and this must alter the results—in an unknown wav Lspecalh soas
we do not know what depletion of 1drenal ascorbre actd content means 1n terms of
the hormones secreted by the adrenal cortex With the apparent multiphcity of
types of corticotroplun 1nd of the hinds of corticosterords, not all being equally
dependent on release by AGTH thts problem may be regarded as a hitle confused

But 1s aldosterone 1s 1t least prtif not wholly mdependent of ACTH secretion

- 40

3

: Stomach tube loading Intravenous injectten

2 stressed non stressed

5 30

g

~

k]

c

o2

o

a

b

°

210

&

o

©

a
Sham Hypertonic Ringer s 308 mM Ringer s
injected sahine solution saline solution

Fogure 4

The depletion of adrenal a corbic acid (estimated by Roe & huether s (1043) method) following u e of the
stomach tube and of intrasenous injection While the mamiputation s If assoctated + ath the wseron <f e
stomach tube caused marked deplevion 1t v as powible to give & ml Ringer s solution slowly mtravenously

d uretic hormone s¢ retion and this may be a factor accounting for the difference an response 10 terms of
adrenal ascorbic ac d change between this solution and the ssatonic one (From Noy cll unpublished )

1t would be reasonable to suppose that, in the rat, fall in adrenal ascorbic 1aid con
tent 1s 1ssocrated with incrensed corticosterone production We hase found, however
that it 1s possible to admunister solutions to rats without causing stress by the very
process of ijection (Nowell & Chester Jones unpublished) Rats with the externa)
jurularvein cannulated can be g1ven solutions through the cannulawithout wwareness
of the procedure by the rat in terms of variation in ~drenal ascorbic acid content
Using this experimental approach 1t ws found that hypertonic saline (twice 150

tonic) delivered intrayvenousty caused a marked fall 1n adrennl ascorbic acid content
while the same volume of 1sotonic Ringer solution caused only a small drop (Fig 4)

This may mean that (1)—the addition of hypertonic saline to the blood caused the
secretion of antidiuretic hormone which 1n turn 1s an effector i the release of ACTH

This then would be the obligatory release of ACTH That 1s conditrons which release
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The fow ¢ Fsodium 1n 24 br frem normalan { fr m a fr naf ct mized wint r frogs
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sodium fom ¢ adrenal tomiz @ fross s th m re marke § (points s wn with
standard deviati oy (Frem b owder 39 €)

1tloses sodium at a faster rate than control ammals when placed 1n distilled water for
24hr (Fig 6) Whensmg, Na (as frog, Ringer s solution) was smected 1into the dorsal
lymphuac there was hitle difference over the first 4 hr 1n the rate of sodsum excretion
between adrenilrctomzed and control ammals Over 24 hr, however, the sodium
Toss was much vre ster from the adren siectomized 1nimals and indeed, the seeretion
rate of the contpe s did nog o 11y greatly from that necurnng, before the anyectson of
the sodttun Yed (317 6y Uhuss sendisn Tews, foflowsng, adrenal remoy Al s charcter

sstie both of the amphibs i ind the mimm ks Salme repleement theripy ton 1s
suceer ful wn fenh cvse Sar o n poruble to muntun adrenalectomized summer®
fro & whurbinoom iy die g g hr aftes oper sion, 1 an setve state by immersion
woashine Eroy Binger o slupson | moder stely and 0 73 per cent aaline (Aldred
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can cope with cold stress without further demand for corticosteroids and hence for
the release of more ACTH Experiments are progress atmed to elucidate these
points

OTHER VERTEBRATES

When we turn to the consideration of other classes of vertebrates there are at least
five groups of questions to which we must seck the answers

() What adrenocortical steroids are produced n the different classes of verte
brates?

(11) What tissues do the adrenocortical hormones affect do they all influence the
hdney epithelium, whether 1t be meso or metanephros? Are they chiefly preoccupied
with water wnd salt electrolyte metabolism and does ther scope mnclude the gill
epithelium of the fish and the skin of the amphibtn and the sclective permeability
of the membrane of tissue cells?

) Do the adrenocortical hormones interrelate with the actions of the neuro
hypophysial principles which seem to be concerned t least 1 part with water
metabolism 1 those vertebrates in which a phystological role has been assigned to
them?

(v} Does an adenchy pophysinl corticotrophin regulate the secrettons of the adrenal
cortex in all vertebrates ifso daes the ACTH caontrol all or only part of the adrenal
cortex and its secretions ?

{v) What are the mechanisms whereby ACTH 1s released and do the postenior lobe
of the prtuitary and the hypothalamus play a part in the conirol of antenior fobe
functions

The answers to these questions are not known Nor can all the possibilitzes be dis
cussed here Some account of them has been given elsewhere (Chester Jones, 19562
) 1should like however to discuss some results Fowler has obtuned using the frog,
Rana temporania (Fowler & Chester Jones, 1955 Fowler 1956) Because our knowedge
13 50 himited we are predisposed to thunk of amphuibian physiology 1 terms of the
mammalian As we surtey both classes the simiariues of water and salt electrolyte
metabolism re striking Both the neurohypophysial and the adrenocortical hormones
scem ta be capable of changing the extent of epithelial absorpuion of water and of
sodwm whether 1t be m the skan or 1n the kidney and whether the effects be pnmary
or secondary ones The problem 1s on the one hand one of the varymng tissue pey
meability to water occasioned perhaps by changing pore size and on the other the
varying rite of sodium transport dependent on some enzyme system While the
action of neurohypophysial hormones 1in amphibrans has been investiated many
tumes {see Sawyer, 1956 and mn thus Symposwum), the role of the adrenl cortes 1 ant
phibian water and st electrolyte metabolism hs been little followed Though thead
renal ectomuzed winter * frog (Chester Jones 1956a) has no outward signs of it health

dly at first and then

15 of the sunter type from September 1o December inclusive rating avs

he susmmer type cover the pre spawning and spay ping periods of January 1o March so

od of April and the true summer frog of May to August anclusve when the
Broadly speaking the wintee frag 11 metabolically mactn

Rang tempacar,
sparsely Frops of the sw
the post spAWNING Perss
;rl:;xsv:n laypdm wfat and their gonads regenerate
1he summer frog metabolically actnve
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TasLe V
The effects of adrenale of adenohs pophysectomy and of by pophyseciomy on the body weroht and
pof y

on the walter sodwm and potassium content of muscle of frogs
{Means tstandard error } Fowler 1956

1
\ Body weight ‘ Muscle
Frogs n | Fxpl penod Per mEq /kg mEq /kg
; ———| centage Wet neight Dry weight
| ‘ Sart | End | water =k Na N Na
;
Hnter [ L | 23570 | 7795 ' 8o 54 ! 2500 {366 11 | 1139,
Ceontrols | | +7 02 [ +41 | £155 ) +54 | +280 | 2410
Adrenalectormzed ‘ 8 25 51 . 24 65 7949 | 7391 14 50 | 363 1t 71 08
14 days 4179 ' x152 | £204 | £218 [ 200 |+1060 | +£344
Adcnohypophyscctomlzed‘ 1z | 2792 | 2763 | Bosy | 7641 | 1720 | 39444 | 8866
14 days | +237 | £ 35 | 155 | %82 \ +9; | £969 | x741
Summer s l 2490 | 8065 | 8366 | 281 | 43055 | 133 2
Controls £179 | 3t | 175 | £136 | £537 | 210
Adrenalectomized 8 | 278 | 3087 | 8650 | 62350 ‘ 030 | 46208 | 682
24-48 hr +187 | 215 | £149 | +200 +34 | 841 1346
|
Sham adsenslectomuzed | 5 | 4615 | Bas | 895 | 5360 | 796 | 40612 | 64 32
showing ocdema +038 | 200 | 111 | k133 {170 | £7 ¢ ] #5710
Adenchypophysectomized ' 9 | 2159 | 29 5 | 8650 | 5990 | 234 | 44677 \ 91 36
24-48 hr 4145 | £166 | xit0 | £200 | k31 |£1254 | 703
Hypophysectomized | 10 | 202 l 2547 | 8810 | 4800 | 1620 | 41433 | 13633
2448 hr =227 | £137 +61 | £260 | 140 |£1433 +400

content does not change with the loss of sodwum 1n adrenalectomized and adeno
hypophysectomized amimals It was mteresting to find that when both lobes of the
pitutary were removed (hypophysectomy) loss of sodum (per kg dry weight of
muscle) was not apparent though other symptoms of adrenal msufficiency occurred.
Though more work 15 required on this pomnt the situation 15 reminiscent of the ad
renalectomized rat with diabetes msimdus which showed some capacity for sodium
conservation beyond that of the adrenalectomized control We may suppose that the
loss ot sodium 1 the frog 1s mamfested because the normal tubular reabsorption of
sodum which must accompany the production of a hypotonic urme cannot go on
in the absence of adrenocortical hormones The posterior lobe hormones probably
influence not only glomerular filtration rate but also tubular reabsorption of water
It 1s concevtble that ths latter sinmlarrty to the position 1n mammals may also be
joned by the action of neurchypophystal hormones on sodium excretion m both
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——
1940) 15 very effective in this respect The latter solution allows the sodium and potas
sium muscle content of drentlectomized animals to be within the normal range
{Table 1v)

Tapee IV

The mawntenance of adrenalectomized summer frogs with saline solutions
(Means tstandard error ) Fowler 1956

Body weight Muscle
Summer frogs n | Exptl penod Per | mEq/keg mEq fkg
[ o ——{ centage Wet weight Dry weght
Start l Fnd | water l K Na Na
e

Controls (kept 1n tap | g9 2490 | 7836 "8 72 i “347 | 42533 | 12188
water) | 179 AT § 141 | £433 ’ +238
—_— | I - PR B S S
Controls (kept wn frog | g [ 2151 | 1923 | 8325 | 8667 | ~g29 ’ 52600 | 148 00
Ringer s soln ) | +7 36 + 92 +37 [ £748 [ £168 t1010 | 2387
-_— N ey T
Adrenalectormized “ 8 | ay8y (5087 | 865 [onso | o30 | 46208 | &8 «
24~48 hr (tap water) | +18y | #2715 | £149 , =2 00 (’ +34 | £841 | +346
Adrenalectomized 8 2587 | 2940 | 8053 | 7571 1217 | 441 44 JJ 96 88
5 days (Ringers soln ) | £148 {170 { £99 [£145 | £68 | £433 ( £33
\drenalectormzed 5 days | g n0 60 ' 1999 7898 | 9221 2634 | 425 00 " 11 00
(0 73 per cent sahne) +148 f +1 by + 2t | x176 +6s | tz0. / + 88

A further point 15 revealed by these experiments namely that therc 1s an crease
n body weight consequent on adrenalectomy due 2ppirently to increased uptake of
water through the shin There 15 no weight increase when wsotome saline bathes the
shin the passive movement of water not occurring in the absence of osmotic dffer
ence between the internal and external medin Adrenalectomy, then can be fol
lowed wn the active summer frog 1t le1st by water uptake charcteristic of the Brunn
effect obtuned by the injection of neurohypophysial extracts into itact frogs (Brunn
1921, Heller 1956 Sawyer 1956) Sham operations not only of adrenalectomy but
also of hypophvsectomy sometimes also produce oedema and this may well be due
to adrenocortical exhaustion rather than the result of cutting the skin which mn ny
case dnes not apply to pitwstary removal (Table v} It may be supposed that the
adrenocortictl steroids alter the permeability of frog skin to wter and conjomn 1n
this effect with the postenior lobe secretions

The loss of sodrm from the muscle of both adrenal d wmter and
frogs also occurs when the anterior lobe of the prtwatary (adenohy pophysectomy) 15
removed (Table v} The extent of the changes 1n sodium and potasstum are mslerd
ing when expressed mn terms of wet weight of muscle because of the increase 1 muscle
water content In terms of muscle dry weight 1t can be seen that muscle potassium
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of deoxycortone 1cetate by change n the water sodwum and potassium content of
muscle {for the duration and n the doses given) though the histological picture of the
adrenal cortex 1s one of degeneration (Table v1) Clearly further data on the nature
of adrenal secretion 1n the lower vertebrates are required

Surveying what we know about adrenocortical function in vertebrates—and this
1s very hittle—the hypothesis may be 1dvanced that these hormones act by altenng
the permenbility of some epithelia and cell membranes generally to water and by
changing the rate of the active transport of sodium 1n certamn tissues Neurohypophy
sial secretions may join with adrenocortical hormones certamly n the first and doubt
fully 1n the last possibility It may be supposed then that various parts of the verte
brate nephron are rendered less permeable to water 1n the presence of adrenocortical
hormones and more permeable n their absence The actual passive movement of
water may be concerved as depending on the epithelinl permeability plus the
filtrate concentrations in the tubule at the same time, these latter 1 turn de
pending among other things, on the rate of the active transport of sodium
The gill epithelium of the bony fish and the skin of the frog may both be influenced
by these hormones the passage of water through them being 1 passive process but
the rate bemng conditioned by varymg permeability under hormonal control But
though 1t can be shown that the amphibian responds to posterior lobe principles
the fish has so far resolutely refused to display water and salt electrolyte changes with
mjection of these secretions Indeed the only demonstration of the actvity of the
postenor lobe 1 fish 1s that of Wilhelm: Pickford & Sawyer (1955) who showed that
fish and mammalian neurchypophysial preparations induced the spawning reflex
response 1n Fundulus the killifish Should this be confirmed as a general mechanism
m all bony fish and so far we have failed to confirm 1t m trout tt rght change our
concepts of seeking the evolutionary change of posterior lobe function from that of
water metabolic control to that of regulation of some aspects of reproduction

Here the action of the neurosecretions would be central rather than on peripheral
tissue It would follow that the hypothalamic control of the antenior lobe of the
Piturtary by some substance of the nature of the neurohypophysial neurosecretions 1s
the major mechanism appeanng early 1n the evolution of the vertebrates The water
balance effect and the antidiuretic hormone could be constdered on this account
later evolutionary mamfestations of the mam central apparatus Since, however one
prime need of the vertebrate was and 1s osmoregulation 1t may be supposed that the
adrenocortical secretions are active in this process throughout the vertebrates
Adrenocortical secretions require corticotrophin control and this anterior lobe hor
mone may 1 turn be regulated by the hypothalamic neurosecretion So whether we
consider the neurohypophysis to have activity primanly i the field of reproduction
and secondanly 1 water and salt electrolyte metabolism or the reverse of this we
arnve back at the hypothalamus and 1ts possible role in the regulation of various
hormonal activites and 1t 15 here that further research will be rewarding not only i
mammals but 1n the lower vertebrates
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clagees though even 1n mammals ther mfluence on salt electrolyte metabolism has
not been shown to be of normal physiological occurrence Change in sodium outflux
through the skin 1s an additional complicating factor 1n amphybia

Though we discuss frog adrenocortical hormones, what these are 15 not known
There e a few clues to their general dentity Mammahan ACTH wyected mnto
hypophyscctomuzed (rogs will mamtain the sodjum content of muscle at about nor-
mal values (Table vi) and we may suppose that steroids akin to those of the eutherian

Tasre VI

The ¢ffects of the mmpection of mammalian 1CTH and of deovycortans acetate on the waler sodmum
and polassium conlent of the muscle of normal and adenoky pophy sectome.ed summer frogs (Touler 1g56)
and on that of the snake (Natnix natrix) (Wrnght unpublished )

Summer frogs
Conirols sham injected

|

272 29 78 76

[ 1

{ ‘ Body weight | Muscle

$ n [ Expt! pertod Per mEq jkg mbq jkg
S centage Wet wesght Dry weight
! Start | End | water | K Na N Na
| ’

779 ) 2532 | 36633 | 1888

"troa t+r33 | £63 | x4 | 4124 | 2324 | £005

ACTH (1 1U [day for ; 7 151 00
10 days) X +3 10
DCA (zomg/day for | 12 ‘ 12245
ta days) £156
. SRR,
Adcnohypqphysec!onuzedr 9 l ’ g1 36
2448 hr ! 703
Adenohypophysectom | 5 17 10 r 15 10 i B200 | 7460 | "Bgs5 | 414 66 160.6;:
1zedand ACTH (21U / +r1g ! +rgs5 +55 | £137 | £133 | k418 )
day for 5 days) i i |
Snakes ‘
Controls sham mjected 9 71 70 70 6a 7950 | 8630 | 5140 | 42000 | 23000
*4 40 | 24 40 l 4+ 44 | X300 | £4 70 [H14 50 [42100
881 {38343 | 224 12
CA (0 5mg/day for | 8 ! 6452 | 6201 7824 | 8392 (| 4 ‘
o 1 da(ys)5 i t +4 51 { 4320 | 63 }+141 | k22 | 2G40 | 551
! —
e

oduced to effect this Morcover we have made 1 tentinse identt

;g:::;:‘} :fc;zer:\ii:gl s compound B n adrenal blood of birds and snakes (Phillips

unpublisiied) The amplubian adrenal may secrete this compound too but ’:j stcro:d

lar to aldosterone would also be expected We have not had as yet adequate

P tes of adrenal blood to :denufy 1dosterone the lower vertebrates It isn

:ar':::xfg?a;nd howeser, that both frogs and shakes do not respond to the injection
€1
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Kroun P L (1955} The effece of ACTH and cornisone on the survaval of skin homogralis and on
the adrenal glands m monkeys { Macaca mulatia) F Endocr 12 220-26

Marying L & Morrtrco € (1935) DNeurohumoral controf of the release of adrenocorucotrophic
hormone Aature (Lond ) ¥75 1352,~8

Roserrsod J B (1954) The chermcal compontuen af the blood of some aquane chordates wetuding
members of the Tumcata Cyclostomata and Osterchthyes J exp Biol 35 424

Ror § H & hueruse G A {1943} The determinauan of ascoshic and i whole bload and unae
through the 7 g4 ph g derpvatine of dehyds bic acd F bl Chem 147

399407

Sawver W H (1956) The hormonal controd of water and salt electrolyte metabohsm with special
reference o the Amphibia Mem Soc Endocr 5 43 55

Sevye H & Stone H (3950) On the expovmental marphalo, 3 of the adsenal cortex Springfield 11
Thomas

Siapson § A & Tarr J F ({1955} The pusnible rote of elecirocortin in normal human metabolsm
Ciba Found Coll Frdocy 8 z04-24

Tosurr £ Banner F oand Muscnxe F (1g54) Die Veranderungen der Mebenterennnde der
Maus nach Hypophysektomie und nach ACTH Behaudlung quantitatn betrachtet am Ver
halten der Zellkernvolumina Endokrmologer 31 266 84

Versey T B (19470 The antidnwretsic hormone and the factors which determme its release Proc
roy Soc Br3s 25300

VWanzn A b Pokrore G E and Sawver W H (1g,55) Tntnation of the spawmng refiex re
sponse 1 Fundulus by the of fish and 4 hypoph
and synthetc oxytacin Indocrnslogy 57 243~52

Wavrer C A Gross § G & Inoran W R (1938} Serum sodem potasswum and chlorde aftes
suprarenalectomy 1 cats with diaberes msipsdus F v Med 67 251-8

Wierer © A Isorast W R Gross B G & Savteer D G (1941) Sodwsm and chlonde batance
n cats ay affrcted by diabetes inspidus adrenal msuffictency and Pstressin ainjections  Enducrin
ology 28 33344

Duscussion
Charrman H B van Dyle

L Ary T would bke 1o report some work done at the Sorbonne 1o collaboration with
Dr Gabe on two spectes of marine teleost before and after the fishes hud been placed
1w saline sol of vanous conc

If one take Callronymus Lra or 4Ammodyies lanceolatus from normal sea water and
examnes paraffin sections of the hypophysis alter stamng with Goemont s chrome
haematoxybn phloxin or by the aldehyde fuchsin techmque of Gahe one sees
sigmficant quantities of neurosecretory substance In the same species after a very
short time (as hittle as thirty munutes) in concentrated sea water VETy pronounced
depletion of the neurosecretory substance can be observed if the fishes are returned
to normal sea water for one hour the hypophyss recovers 1ts normal content of
neurosecretory matensal I Callomymus Iyra or Ammodytes lancealatus ase put m difute
sea water their hypophyses contawr more neurosecretory product than usual

Plate 31 shows the pars parve cellulans of the nucleus preopticus of Ammodytes
fancealatus When the fishes are kept i normal sea water the neurosecretory cells
are full of secretion and the axons are also rich 1 this matenral which forms elassical
Hernng bodies In fishes which had been subjected to concentrated sea wager for
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from the Nufficld Foundation for work 1n the field of Comparatie Endocrinology
Dr M A Fowler, now at the Department of Biology, Guys Hospital Medical
School, did the work on frogs while holding a Medical Research Council studentship,
and Dr A Wright now at the Department of Physiology and Histology, Laverpool
University that on snakes (only briefly mentioned here) while in receipt of, n the
first place, a Nuffield and later, an Agricultural Research Council Grant Dr N W
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retention of salt 1 his adrenalectomized rats after an mntravenous salt load or at
least he found that they excreted much the same amounts as untreated adrenalectom
1zed rats

Chester Jones Intrivenous mfusion of salt mto adrenalectomized rats was done four
days after adrenalectomy when the adrenal insufficiency would be fairly well estab

Iished yet the animals strong enough to withstand manipulation The shde I showed
was to demonstrate the lack of effect of aldosterone on water excretion mn adrenalec

tomized rats intravenously mfused with hypertome saline sodium excretion was not
shown on the graph Aldosterone produced marked sodium retention when given to
rats with diabetes insipidus intravenously nfused with hypertonie saline The
sodtum retention so produced 1s accompanted by an increased reabsorption of water
and this 1s the explanation I offered for the lesseming by aldosterone injection of the
osmotic druresis of diabetes insipidus rats receiving hypertonic saline

Gaunt If you had used a plain water load and then given aldosterone you would
have got enhancement of water diuresis The doses of aldosterone required however
are about the same as those of hydrocortisone

Llpd May I ask Dr Stutinsky what happens to the supraoptic and partventriculic
nuclex m diabetes insipidus anmmals which are given salt

Stutinsky There 1s a depletion of neurosecretory material
Ligyd Were these animals mamtained on salt for a long time?
Stutinsky Nane days

Llgyd Is there degeneration of the nucler?

Stutinsty 1 cannot say
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one hour, the neurosceretory cells lost most of their neurosecretory product In fishes
which had then been returned to normal sea water for one hour, the neurosecretory
cells were agamn full of secretory material and had big lobulated, convoluted and
multinucleolated nucler 1n short, they showed many cytological signs of great
secretory activity Simlar changes m the amounts of neurosecretory material were
found 1n the pars magno cellulins and 1n the neurchypophysis

I the hypothalamo hypophysinl tract of fishes subjected to concentrated sea water
15 staned by Mann s method, marked hyperaemia can be seen, blood vessels are
enlarged and filled with red cells It seems that the hyperaemia 1s correlated with the
rapid migration of neurosecretory matenal from the nucleus preopticus to the neuro
hypophysis and from there to the blood

In conclusion, concentrated sen water provokes 1 ripid decrease in concentration
of neurosecretory matenal 1n the neurosecretory cells of the nucleus preopticus and
n the hypophysis the return to normal sea water 15 followed by restoration of the
normal appearince Dilute sea water provokes an increase in the concentration of
neurosecretory matenal 1n the nucleus preopticus and the hypophysis In each case
the blood supply to the hypothalamo hypophysial tract 1s greatly modsfied

Stutinsky It 1s a well known fact that i rats experimental drabetes msipridus due to
the removal of the posterior pituitary 1s more severe if the ammals drink hy pertonic
salt solutions The question arises—what happens in the adrenals of these rats? We
haye found that there are no marked changes in the zona glomerulosa but the modi

fications seen 1n the fasciculata are very important Many cells contain colloid like
droplets of varying sizes some as large as and even lrger than 1 nucleus The whole
fasciculat shows many of these cells and colloid droplets which can also be seen 1
cells of the reticulans The droplets can be stamned with Azan or Masson’s stam

They do not stain with Baker s acid haematn or Sudan Black but they stain remark

ably well with the periodic acid Schuff technique 1 would suggest tentatwvely, that
m normal rats dnnking hypertonic saline the secrettons of the normal neural lobe
protect the zona fasciculata against these morphological modifications

Gross Dr Loustalot n our laboratories has seen this material 1n rats drenals quite
often, and not only mn ammals treated with high doses of methylandrostenediol
When Selye produced hypertension with methylandrostenediol, he found these
droplets regularly n the adrenals and claimed that they were specific for an ncreased
production of mmeralocorticords but you may also find the same matenal norm1l
ammals especially in semle or poisoned ones Rats of more than two years of age
have been mvestigated by Dr Loustalot and these droplets have been seen quite
regularly, but not on such 1 scale as m ammals treated with high doses of DCA and
salt We think that these droplets are a sign of non specific degenerative changes in

the adrenals
Stutinsky 1 agree that thus 15 not a spectfic effect

Gross 1 would like to askh Dr Chester Jones whether in Ius experiments with ad
renalectomized rats, the rats were really insufficient or did he do the experiments only
one or two days after adrenalectomy? If I understood htm correctly, he also found no
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