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PREFACE

‘The suggestion of wnng & ph under the ausp of
the Physiologcal Society was pamed by the
that such a monogeaph should— not be wntten bike a review
article giving an accumulatton of all references but 1t
should be a booh which will be particularly useful for the
adsanced student 1 Phystology The following pages have

therefore been based on a senes of lectures given in the course
on Physwlagy for the Part 1T of the Natural Science Tripos
Cambridge Unnersin They have been wnitten for the student
who wilf within the course of a fen years be standing on his
oun feet m the research field The other worker m mind has
been the speatalist 10 Jus owa field wha ts tnterested wn phyvsial
oy in general For these reasons no atterapt has been made to
gne a complete list of 21l the luerature n this subject except 1n
ssolated instances as 1n Chapter 3 where the data have seemed
to indicate 2 negatne  concluston or to present the matenal
from an uninased point of view  The attitede adopted has been
rather to present the mare unportant hterature and the ponts
of view most lhely to be found true i the hight of future work—
as 1t seems i 1he suthor

I should Iihe to express my sincere thanks to Mrs E M
Collen for her wnaluable help and aduice 1n prepanng the
manuscript and to Mr H | Campbell for his shilled aid 1
preparanon of many of the dlustrabons 1 am indebted to the
follow g warkers for their land pernussion to repraduce vanous
figures Professor Sir \lilfred Le Gros Clark F RS Professar
G B Visslocht Professor L B \erney TRS Dr W ] Atwell
Dr ¥ M Danel De ] D Green Dr Dora Jacobsohn Dr
Mazgorie M L Prichard Do H Rydis Dr A Westman Dr
G P Nuereb and to my ¢o workers Drs K Brown Grant
J G Gibson € von Luler 8 Rerchlinand A C R Skynner
and to the editors of the following journals the Yournal of Phy
sielogy  Journal of Endecrinolagy Quartesly Journal of Fxpen
mental Physiology Research Publications of the Association for
Nervous and Vental Duease  dwmerican Journal of Anatom
Acta Pathologica Micrebiologica Scandinazica Proceedings of the
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Preface Vit

usual eunuch sounds 1t no longer bothered about the hens nor fought
with other cocks but rather kept a measured distance from them and
showed aitogether the nature of a true eunuch

In cocks ¢ and f there was no sign of the testes in their usval place
Combs and wattles grew again the birds retained their cock like
nature crowed as before and also retained therr former behaviour 1n
respect of hens and other cochs These two cocks were killed on 30th
January 1849 There was no sign of the testes 1n their normal place
1n cock ¢ the testis was seen to have grown on the surface of the colon
away from the back and bordered on both sides by the end of the
caecum without however coalescing with the latter In cock f the
same thing had occurred but the site of adherence was further back
towards the middle of the caccum The testis was 1n each bird oval
1n shape 13 lines long 8 wide and 6 thick Strong branches of the
mesenteric vessels went up to the testis penetrated 1n several places
1nto the interior and could be traced to the serminal canals  As I dis
sected the testis a whitish milky liqud ran out which had exactly the
same consistency and smell as normal cock semen  Under the micro
scope 1 recogmized 1n this hqued very many small and large cells of
1/450-1/150 lines 1n diameter and 1n addition numerous spermato
zo1ds with the most beautiful cthary movements which increased
constderably with the addition of a drop of water

The following general physiological results emerge from these
nvestigations

(1) Tt 1s possible to transplant testes they heal up after they have
been removed from the body the testis of one individual may be
transplanted tnto another and it can heal i the same place whence 1t
was removed or in quite a different place 1e on the walls of the
bowels

(2) The transplanted testis develops 1ts charactenstic features as a
serminal organ evenin a different place the semnal canals widen and
become brgger and carry out their normal function while they secrete
normal semen contaimng spermatozoids The same occurs here as in
plants where the graft continues to grow with 1ts own spectfic charac
1stics on the wild tree and brings forth its own frwit not that of the
wild tree

(3) Jt1s a known fact that severed nerves grow together again and
that those parts the nerves of which have been cut regain feeling and
movement when the nerves have healed That the neryve fibres winch
belong together do not always umte 1n such instances can be shown
from the fact that shin from one part of the body can heal with that
of another From the fact that a detached testis heals on to quite a
different part of the body especially on to the intestine and conttnues
to develop 2s a semen producing organ and secretes genuine semen
1t 13 obvious that there are no specific seminal nerves and this 1 one of
the chief arguments against the existence of specific trophic nerves of

which the sympathetic nervous system has until now been thought to
consist
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Royal Soctets the Phulosopluical Transactions of the Royal Soctety
and the Journal of Anatomy (London)

I am greatly indebted to my wite for her patience and help

In conclusion I should like to give the translation (for which I
am grateful to Miss J L Shadwell) of 2 paper which may be
taken as a model for the following reasons (a) st 1s the first paper
of any tmportance 1n the field of endocrinology, (b) 1t 1s brief and
coneise (¢} the work recounted 1s beaunifully planned and
economical in the use of antmals and (d) the results are clear

Transplantation of the testes (Arch Anat Plysiol 1894)

by Professor Berthold Gottingen

On August znd this year I castrated six young cocks te a b cof
three months and d e f of two months In some of these birds the
wattle the comb or the spurs were removed  Both testes were re
moved from a and d these birds later showed the typical nature of the
eunuch behaved m a cowardly way, only occasionally briefly or
without energy fought with the cachs and emitted the well known
monotonous sounds of the eunuch Comb and wattle became pale and
developed only shightly the head remained small When these birds
were lalled on Di her zoth an hardly perceptible
cteatrix was found mn place of the testes The semnal conductors
were seen to be thin delicate little fibres

Cocks b and e were castrated 1 the same way but only one testis
was removed from the body the other rematned solated in the
abdonunal cavity In cocks ¢ and f however both testes were re
moved from the abdominal cavtty and then one testis of cock ¢ placed
1n the abdominal cavity of coch f and one testts of cock f mn the
abdommnal cavity of coch ¢ m the bowels

The four cocks (b e c f) showed in therr general hehaviour the
nature of uncastrated birds they crowed quite audibly were often
fighting among themsehves and other young cocks and showed the
usual friendly nterest for the hens also their combs and wattles
developed normally

Cock b nas hiled on October 4th the (one) testis had healed mn 1ts
onginal place had increased by more than half in size numerous
blood vessels were present the scmnal canals were very clear and on
cross section emitted a whitish hquid contaning large and smalt
cells but no spermatozoids

The farly well devcloped combs together with the wattles were
removed from cocks ¢ ¢ f and the abdeminal cavity opened on the
same day in order to examine the testis In cock e I'found the testis
1n the normal place as 1n the dead cock b I'detached it drew it out of
the abdominal carity and found 1t to be simular to that of cock b The
abdominal wound soon healed comb and wattle creatrszed but did not
grow again  Instead of crowing s before the animal only made the
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i Preface

{4) The remarkable consensual and antagorstic interaction of m
dividual and communal [ife which develops at puberty and persists
intoan advanced age 1s also evrdent when the testes are removed from
their onginal place and from therr nerves and have heiled on to quite
a different part of the body ith regard to soice reproductne in
stinct, love of fi,hting growth of the comb and wattle these birds re
man true cocks  As the testes transplanted to a different place can no
longer be connected with their oniginal nerves and as there are no
spectfic neres dnrcctmg sccreuon as 1s clear from paragraph 3 1t fo)
lows that the 1s d d by the
the testes te by thew actmn an the bload and then by the conscquem
actian of the blood en the whole organism of which 1t must be ad
rtted the nervous system forms a very substantial part

Arck  1nat Phystol 1849 42~46




CHAPTER 1t
INTRODUCTION

Meamng of the term hormone

The first demonstration of an internal secretron 1s to be found
1n the clear and precise expertments of Berthold e 184y The
significance of this worh was overlooked for many years untl
Bayhss and Starhng reported thesr sesults regarding secretin 1n
1904 They emphasized the fact that 3 specific chemucal sub
stance rnay be produced 1n an organ or tissue may be hiberated
snto the blood stream and carrned to exaite another organ situ
ated at a d Such sub are 11 1

messengers  and in searching for 2 name to chazacterize them
this point was keptin mind  Eventually Me W B Hardy pro
posed hormone derived from oppaw { I arouse to activty )
and although the property of a2 messenger 1s not suggested by this
term 1t was finally adopted (see Starhng 19035 and Bayliss 1g13)

An essential feature of a hormone ts the fact that 1t 1s secreted
mto and carried by the blood stream Nowadays there 1s some
need for another term to represent the precussor of a hormone
as it susts 1 the gland of ongm Thus precursor may ot may
not be the same ch 1 sub asthe b tself buta
separate term would emphasize the duat pature of hormonat for
mation and secretiorn  An endocrine gland (such as the thyroad)
subtracts ssmple substances irom the blood strearn and burlds
them into more complex compounds which are stored 1n the
gland for a vanable peniod  Ths store 1s drawn upon according
to the requirements of the orgamsm I many cases 1t seems that
a mother molecule 1s spht mto sumpler fractions or changed i
some way before beung liberated into the blood  This self
evident seq of events 15 d here for tno reasons
Farstly the hormone  content of a gland clearly varies with both
the rate of formatton and the rate of liberation of the hormone
into the blood Therefore the hormone content of a gland by
uselt gives no indication of the actisity of the gland Secondly
the answer to the questton— How many hormones does a par-
ticular endoerine gland produce? ——may depend on whether the

H







The nertous system and endocsine glands 3

out alse that there 1s not the same tendency to hypoglycaemu
after stalk section as after hypophysectomy

It may be said then that some glands although atrophic
retam a residuum of sctviry when deprn ed of the mam stomuates
to their normal function thaugh others such 3s the postenor
pituitary gland become completely mactue

(5) Normal actieaty  The central nervous system s ultimately
responstble for mamtamning the actn ity of most endocrine glands
at normal Jevels and toalarge extent for regulating their activty
according to the requirements smposed by a vary ing environment

Inter relationship between the nerious system and
endoenine glands

In general a rectprocat relationship exists between the central
nervous system and the endocrine glands  Fastly the nervous
system regulates directly or mdirectly the functional actvity of
the adenchypophysis peurohypophisis ovanes sestes thyrod
adrenal cortex and adrenal medalla  Secondly the hormones
dernved from these glands or the actions thev exert peripherally
react bach on the nervous system and thereby produce a varsety
of neurological effects

{@) Neural control of endocrmne glands  In rgzg Starhng and
Vemney described two extreme methods used in physiological in
restigation firstly the synthetic method whereby a particatac
organ 15 studied m isolation the normahty of the environment
being sacrficed to obtain simphesty and a hegher degree of ex
perimental control and secondly the analvtic method whereby
the osgan ss studied 1 a relatrvely mtact ammal thus sacrificing
much control of the sanable conditions 10 erder to obtam a more
normal environment  Most organs and systems were first studved
in the mare or less 1solated state and their intrmsic properties
myestigated before being studied an the more intact 2aimal 1
which thetr functions relatnve to other s3stems and relative to the
anmal as a whole were matters of concern Much is now known
regatding the anatomy and hustelogy of the endocnine glands and
the bischemustry and physsological properties of the compounds
they secrete but still enly Inttle 1s hnown as to the manner m
which the actny of the different glands 15 co ordinated with
that of the other systems of the body or the way tn which this
actuty 15 vaned according to changes sn the environment It 15



2 Introduction

term hormone 1s tahen to mean the actnve princples stored in the
gland or more correctly, the principles as liberated mto the
blood stream  The case of the adenohy pophysis (anterior prtuit
ary gland) 15 1n this respect obscure Six  hormones' are now
generally ascribed to thrs gland on the grounds that 1t 1s possible
to prepare six extracts from the gland with distinct physiological
actnittes Howeser 1t 1s not certain that these so called hor
mones are liberated as such into the blood It may be that only
twe or three compounds pass from the adenchy pophysts into the
blood but that these compounds possess two or more of the
actriaties usually attributed to the six hormones  The ultimate
test by which the number of substances secreted by a given en
docrine gland will be decrded 1s the quahtative and quantitative
analvsis of the hormones in the senous blood from the gland The
time when such test<are practical and accurate seems to beappro
aching for some glands such as the adrenal medulla and cortex, but
1t seems >till remote for others such as the adenohy pophysis

Levels of endocrine actrvity

{a) Autonomons actiezty  When deprived of their physio
fogical stimulus  the level of actiusty of the various glands be
comes marhedly decreased or disappears entirely Thus the
denervated neurohypophysts ceases to secrete and undergocs
atrophy and the denervated adrenal medulla shows 1 very re
duced activity and becomes relatrvely escitable to direct elec
trical sumulation  In hypophysectormized ammals the ovaries
and te.tes atrophy and reproductve activity ceases although the

1nrtial stages of and sper sull occur i some
spectes such as the rat the adrenal cortex atrophtes though some
wecretory action suffi to Ife 1s d and

thyroid actrvaty 1s greatly reduced though not abolished Simy

larly if the anterior pstuitary 1s deprined of s phyvsological
stimulus  that s of the prturtary stalk s ent or of the gland 1s
transplanted to a site remote from the sella turcica then gonadal
atrophy occurs growth ceases and the thyrord and adrenal cortex
undergo atrophy  Since the reduciron m actnaty of the thyrod
and adrenal cortex 1s not so complete according to some ac

counts 1n the pitwitary transplanted as in the hy pophy sectomized
ammal 1t appears that restdual secretion of thyretrophic and
adrenocorticotrophic hormones still occurs It might be pointed
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relating the hypothalamus functionally with these glands as welt
as with the neurchypophys:s and adrenal medutla The greater
part of what follons (Chs 2-12) 13 an attempt to analyse the

HEC

Fig 1 Dhagram to ustrate the reciprocal relationshsp between the centrat
nervous system and endocrine system
A adrenal gland 4 P antenor pitu tary & gonads X hvpothalamus
HC ‘tughercenmres PP postenorphmtary S ¥ splanchmic nenes
T thyrod

mechatism by which the central nervous system and the hypo
thataous e pacticular controls and integrates the actnaty of
these glands

(b} Hormanal control of the nerzous system Yt 1s clear that the
wterplay between the central nervous system and endacrine
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clear that environmental factors exert a profound effect on the
secretory activity of these glands but the mechanism by which
these effects are produced 1s hnown only 1n outline  For example
trauma toa limb may result i a flexor reflex response 1n that imb
and also toa discharge of hormones from the adrenal cortex  Much
could be sard of the sequence of events starting mn trauma and
ending m contraction of the flexor muscles but untl recently
very little could be said about the mechanism linhing trauma and
discharge of the adrenal cortical hormones 'The synthetic ap
proach has been studied 1n detail but the analytic method has
hardly been applied to the glands of internal secretion

It 1s clear that the central neryous system 1s largely responsible
for correlaung endocnine activsty with that of the other systems
of the body and with the varying requirements of the orgamsm
due to environmental change In the case of two endocrine
glands the neurohypophysis and the adrenal medulfa 1t 1s easy
to understand how such control can be mediated for both of these
glands are richly innervated The neurohypophysts receives a
direct nerve supply from the hypothalamus known as the hypo
thalamo hypophvsial tract whilst the adrenal meduila 15 con
nected to the hypothalamus by descending tracts in the brain
stem and spinal cord and by the final supply which passes in the
splanchic nerves and lumbar sympathetic chain  On the other
hand the control exerted by the nervous system over the adeno
hypophysts thyroid adrenal cortex ovaries and testes has been
difficult to understand  These endocrine glands are clearly under
neural control and yet they have a very scanty innervation if any
at all  The few nerve fibres that have been traced to some of
these glands are tn all probability vasomotor n nature and not
secreto motos  The problem as to how these glands are influ
enced by nervous processes in the absence of a secreto motor
nerve supply would be clanfied 1f 1t could be found how the
adenohypophysis 15 brought under neural control for the thy
roid adrenal cortex and gonads would then be brought indirectly
under similar control via the action of the anterior pituitary
eutrophic hormones There 1s now much evidence that the hype
thalamus controls the actisity of the adenohypophysis and
thercby the gonads, thryoid and adrenal cortex through the
hypophysial portal vessels of the pituitary stalk and some such
sequence of events as illustrated 1n Tig 1 may be envisaged as
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relating the hypothalamus functionally with these glands as well
as with the neurohypophysis and adrenal medulla The greater
part of what follows (Chs 2-12) 1s an attempt to analyse the

HC

Fig 1 Diagram to illustrate the reciprocal relationshup between the central
nervous system and endocr ne system
A adrenal gland AP antenor pitutary G gonads H  hypothalamus

HC  highercentres PP posterior pituitary SV splanchmic nerves
T thyroid

mechamsm by which the central nervous system and the hypo

thalamus 1n particular controls and integrates the activity of
these glands

(b} Hormonal control of the nervous system It 1s clear that the
nterplay between the central nervous system and endocrine
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clear that environmental factors exert a profound effect on the
secretory activiity of these glands but the mechamsm by which
these effects are produced 1s hnown only 1n outhine T or example
trauma to a rmb may result sn a fiexor reflex response 1n that imb
and also toa discharge of hormones from theadrenal cortex  Much
could be sard of the sequence of events starting 1n trauma and
ending 1n contraction of the flevor muscles but until recently
very httle could be sard about the mechanism iinking trauma and
discharge of the adrenal cortical hormones The synthetic ap
proach has been studied m detail but the analytic method has
hardly been applied to the glands of internal secretion

Tt s clear that the central nersous system 1s largely responsible
for correlating endocrine activity wath that of the other systems
of the body and with the varying requirements of the organism
due to environmental change In the case of two endocrine
glands the neurohypophysts and the adrenal medulla 1t 1s easy
to understand how such control can be mediated for both of these
glands are nichly innervated The neurohypophysts recerves a
direct nerve supply from the hypothalamus known as the hypo
thalamo hypophvsial tract whilst the adrenal medulia 1s con
nected to the hypothalamus by descending tracts mn the brain
stern and spmal cord and by the final supply which passes 1n the
splanchic nerves and lumbar sympathetic chain  On the other
hand the control exerted by the nervous system over the adeno
hypophysis thyroid, adrenal cortex ovaries and testes has been
difficult to understand These endocrine glands are clearly under
neural control and yet they have a very scanty mnervation 1f any
at all ‘The few nerve fibres that have been traced to some of
these glands are tn all probability vasomotor in nature and not
secreto motor The problem as to how these glands are mflu
enced by nervous processes i the absence of a secreto motor
nerve supply would be clanified 1f 1t could be found how the
adenohypophys:s 1s brought under neural control for the thy
roid adrenal cortex and gonads would then be brought indsrectly
under simular control via the action of the anterior prturtary
eutrophic hormones There 15 tow much es :dence that the hy po
thalamus controls the actrity of the adenohypophysts and
thereby the gonads thryord and adrenal cortey through the
hypophystal portal vessels of the pituitary stalk and some such
sequence of events as llustrated m g 1 may be envisaged as



CHAPTER 2

NERVE SUPPLY AND BIOOD SUPPLY OF THE
ADENOH1 POPHYSIS (ANTERIOR PITUITARY
GLAND)

In discussing questions involving the detailed anatomy of the
pititary gland the standardized nomenclature suggested by
Rioch Wislocht and O Leary (1940) will be used (Fig 2) The
neuroh) pophysis 1s described by these authors as consisting of
three parts—the median emmnence of the tuber cnerenm the wnfun
dibular stemand the mfundibular process (lobus nervosus or neural
lobe) The first two parts may be collectinely referred to as the
anfundibulum or neural stalk The adenoly pophy sis or lobus glan
dulans 1s hilewise divided into three parts—the pars tuberalis the
pars termedia and the pars distalis The neural stalk together
wath 1ts sheath of portions of the lobus glandulanis 1s designated
the &y poply sial stalk

Optic
chiasma

Mammillary
body

Hypothalamus

Median eminence
Infund bular
stem
Infundibular
process

Pars tuberahs

Neurohypophysis

Pars intermedia

Adenohypophysis

Pars distahs

Fiz 2 D ag am of a sag ttal sect on through the prtuitary gland of a rabb t
to sllustrate the termmology of R och VW1 lockt & O Leary 1940

7



6 Introductign

glands (at least the adrenal cortex thyroid ovaries and testes—
the so called pitwitary target organs) 1s one of reciprocity (see
Fig 1) The target organ hormones seem to evert two main
actions on the central nervous system By means of a type of
feedback mechanism they appear to exercise a fine control over
therr own secreton  For example a nise in the blood oestrogen
level depresses prtntary gonadotrophie secretion and so ovarian
seeretion of oestrogens VW hether this effect of a rise 1n concen
tratton of a target organ hormone 1n the blood 15> due to an action
on some cerebral mechamsm such as the hypothalamus which
1 turn affects prtuttary secretion or to a direct action on pituitary
cells or both 1s uncertain—though the former posstbility should
be kept n mind However the secretion of a particular trophic
hormone 1s affected by other factors as well and the final pituttary
output seems to depend on the summation of effects produced
by many stumuli both humoral and neural

Another effect of airculating hormones on the central ner ous
system results 1n modification of the behavioural reactions of the
ammal  As examples of this action mught be quoted the psycho
logical changes that occur throughout the different phases of the
sex cycle and the effect of disturbances 1n the blood level of the
thyrosd hormone A pinch too little of thyrowine spells rdiocy a
pinch too much spells raving delinum  (Hoshins 1941} It s
very Itkely that such changes in the overt pattern of behaviour
are directly due to the influence of the various hormones on the
central nervous system but little work has been performed 1 an
attempt to analyse the detatled mechanism by which such effects
are produced This subject 1s discussed further 1n Chapter 13
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{Lecture I p 4)
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observed nenve fibres leaving the svmpathetic plexuses around
the vessels of the circle of VWilhis and passing down the prtuitary
stalk with the arterial supply to the gland  Hair (1938) working
on the cat likewise found a nich mnnervation passing with the
vessels of supply to the gland as did Truscott (1944) who
studied the rat Rasmussen (1938) in a detailed study of the
mnenation of the human hyvpophysis supplemented by obsersa
tions on the rat guinea pig rabbit cat dog and monkev found
some sympathetic fibres passing from the cavernous plexus to
the pars distalis but 1n view of the fact that large areas of the
pars distalis were found to be free of nerve fibres he drew the
concluston that these fibres were most likely connected with the
vascular system  Green (19514) studied the inneration of the
prturtany gland 1n seventy five species of vertebrates from cyclo-
stomes to man and found pernascular fibres m the pars tuber-
alis but not 1n the pars distahs of the hypophysis

It may then be taken as established that sympathetic nenve
fibres pass to the pituitary gland from the surrounding pernas
cular plexuses but 1t 1s not yet clear whether the mam secreung
mass of the adenohypophysis the pars distalis receives any of
these fibres or what the nature (secreto motor or vasomotor) of
such fibres might be  Ttis very likely that the sympathetic inner
vation 1s destined mainly for the pars tuberalis and that the pars
distahs recerves few 1f any fibres This view 15 1n accordance
with that expressed by Green (19514) after his comprehensive
mestigation of the problem and 1t would indicate that the fibres
are vasomotor 1n nature for the pars tuberalis 1s the most vas
cular region of the pituitary gland and as far as 1s known has no
definite endocrine function

Expenmental data concerming the relationship between the
cervical sympathetic system and antenor pituttary function 1s
clear 1n 1ts implications  Although many fragmentary clamms
hate been made that smulation or removal of the cenvical sym
pathetic chain affects the secretion of gonadotrophic or thyro
trophic hormones the fact that complete sympathectomy does
not prevent normal reproduction 1n female cats (Cannon New
ton Bnght Menkin and Moore 1929) and does not cause any
very significant change 1n the metabolicrate of cats (Cannon et at
1929) or rats (Leeand Bacq 1933) demonstrates thatasympathetic
inneniation of the pitwitary plays no appreciable part 1n the con-
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Major Drv1s1oNs aND SUBDIVISIONS OF THE MAMMALIAN
HxropHysis
(after Rioch Wislockt and O'Leary, 1940)

Lodus t Pars distahs antersor lobe
Adenaliypophysts {glandulan.y 2 Pars tuberahs
3 Pars intermedia
Lobus nervosus 1 Infundibular  posterior lobe
Neurahvpophysis | (newral lobe) Process
| Infundibulum 1 Infundibular Neural stalh together
(neral stalky stem with sheath of por

2 Medan emn prionsoflobus glandu
enceof the tuber | lans  designated as
cnereum k3 paphy sial stalk
‘The nerve supply and blood supply of the anterior psturtary
gland or more accurately the adenohypophysis refers to the
supply of the three parts of the pituitary gland which are derved
from Rathke s pouch of the embryo

THE NERVE SUPPLY OF THE ADENOHY POPHYSIS

Over a hundred years ago a nerve supply to the pitmitary gland
ongmnating trom the sympathetic plexus around the carotid
artery was described by Bougery (1845) He suggested that the
pitutary gland formed a link between the bran and the sym
pathetic nervous system that 1s between the mind and the viscera
Since the time of Bougery and especially since about 1920 when
light was first thrown on the hormonal activities of the adeno
hypophysts by Phulip Smuth H M Evans and others the nerve
supply of this part of the piturtary has been the subject of m
vestigation by many workers It has been suggested that 1t re
cewves secreto motor nerve fibres from three sources—sympa
thetic fibres from the plexus around the internal carotid artery
parasympathetic fibres from the petrosal nerves and hypothal
amuc fibres from the median emmence and infundibular stem
[For further references to the lterature on this subject see
Harrs (1948) 1

Sympathetic supply

Dandy (1913) was the first to give a detailed description of the
sympathetic pathway to the gland He used the mtravitam
methylene blue method of staming these fibres in the dog and
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series of papers from the laboratory of Shelesnyah Zachanas and
Rosen descnbing an immediate pseudopregnancy response (a)
in 30 per cent of rats that had had the nasal mucosa (which 1s
mnerivated by the sphenopal 1 } d with
nupercaine (b) 1n 4o per cent of rats that had had the spheno
palatine ganglion extirpated and (c) 1 100 per cent of rats that
had had the Vidian ganglion removed However these data
again appear to be of doubtful sigmficance in respect to pituitary
mnnervation for the same workers found that removal of the
sphenopalatine ganglion does not result in any abnormality of
genital development or reproductine capacity 1n the rat and
Friedgood and Bevin (1941) found pseudopregnancy occurs in
64 per cent of rats following hilateral removal of the superior
cervical ganglion 1n 39 per cent following bilateral cervical sym
pathectomy and in 23 per cent following blank neck operations
It appears that a state of pseudopregnancy in the rat may follow
a wider vanety of sensory stimuli (trauma) than was previously
thought Hair and Mezen (1939) and Vogt (1942) also demon
strated that the greater superficial petrosal nerves are probably of
little importance for anterior pituitary function when they found
that the reflex release of gonadotrophic hormone which normally
follows coitus 1n the rabbit still occurs after bilateral avulsion of
the facial nerve and geniculate ganghon or after the destruction
of the petrosal nerves at the geniculate ganglion

There 1s no sound evidence that a parasympathetic innervation
of the anterior pitustary gland plays any part mn regulating the
activity of this gland

Hypothalamic supply

Cajal (18g4) was the first to describe the nenve fibres which
pass from the hypothalamus down the pituttary stalk to the
prtuntary gland  The anatomy of the hypothalamo hypophysial
tract will be dealt with tn more detail when discussing the inner
vation of the neurohypophysis for 1t 1s 1 this part of the
pitwitary that by far the greater number of nerve fibres termmate
However even in the first description by Cajal 1t was mentioned
that a few of these fibres cross the boundary zone between the

neuro and adeno hypophysis and terminate 1n the pars inter
media
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trol of secretion of the gonadotrophic and thy rotrophic hormones
"Lhe observations of Phillips (1g42) that action potentrals may be
recorded from the pars distalis during electrical stmulation of
the cervical sympathetic trunk of Collin and Hennequin (19362
and &) and of Popjak (1940) that histological changes in the
piturtary and hypothalamus follow removal of the supenor cer

vical ganglion mught be explaned on a sympathetic vasomotor
mnenation of the hypophysial vessels Two easily obsernable
reactions that hase been much used 1n 1m estigating the effects of
nervous stimult on pitustary secretion are the pseudcprcgnnncy
response of the rat and the ovulation response of the rabbit both
eliaited by sterle mating or some form of artificial shmulation

There 1s much evidence that 1n these reactions the anteror lobe
of the pitwitary gland 1s actinated by a nervous reflex  Some
workers have found that partial sympathectomy 1n the rat abol

shes or reduces the pseudopregnancy response to artificial
stumulation of the vagina or utermme cenax and others (Fried

good and Cannon 1936) have produced maturation of ova in the
rabbit by electrical stmulation of the cervical sympathetic sys

tem  But again 1t 1s possible that these minor changes are due to
vasomotor effects since pseudopregnancy still follows stenle
cottus in the partially sympathectomized rat (Vogt 1933 Fried

good and Bevin 1938) and ovulation still follows sterle cortus in
the partially or completely sympathectomized rabbit (Haterius

1934 Brooks 1935) There 1s no sound evidence that a sym

pathetic innenation of the anterior pituitary gland plays any part
n regulating the actity of this gland

Parasympathetic supply

In 1932 Cobb and Finesinger and Chorobskt and Penfield
described a parasympathetic innersation of pial vessels in the cat
and monkey Nerve filaments were found to run trom the greater
superfical petrosal branch of the facial nerve to the carotid plexus
and these were described as carrying vasodilator fibres  Follow
ing this discoverv Hinsey and Markee (1933) suggested that
secreto motor fibres might reach the antertor pitwitary gland
over a similar pathway and Zacharias (1941) reported that 1n the
rat a branch from the V1dian ganglion situated at the junction of
the greater superficial and great deep petrosal nerves runs to at
least the capsule of the pituitary gland  There then followed a
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tive tissue septum separates the neural lobe and anterior lobe
This septum therefore limuts the possible pathway by which
hypothalamic nenve fibres could reach the pars distabs  Such
fibres would have to traverse the relatively small region of the
pars tuberalis and zona tuberahs (anterior pole of the pars dis
talis) Sections of the zona tuberalis were therefore stained by
Bodian s method for nerve fibres and by Gomon s method for
reticular fibres and as a control procedure sections of a rabbit s
bramn were mounted on the same shides and stained simultane
ously The results are shown in Figs 3-6 and it may be seen
that Bodian s stain ympregnated the nen e fibres in the brain but
that none are visible mn the pituitary tissue stained on the same
shde whilst the Gomort method revealed reticular fibres in the
pra arachnoid menink on the surface of the brain and a multitude
of retrcular fibres amongst the cells of the zona tuberalis also
statned on the same shde It seems very probable that the
prominent bundles of nerve fibres seen by Vasquez-Lopez
(1949) passing from the hypothalamo hypophysial tract to the
pars distalis in the rabbit were reticular fibres around the portal
vessels This conclusion 1s supported by the careful work of
Wingstrand (1951) on the avian pitwitary gland  VWingstrand
used a varnety of silver stains and controlled the interpretation of
any fibre pattern seen in the pars distalis by staining the tissue
also for reticular fibres He concludes In perfectly impregnated
slides m which the reticular fibres are unstained the adenohypo
physts contains no or very few nerve fibres  There 1s nowadays
so much evidence that the pars distalis does not recenve promin-
ent bundles of nerve fibres that any such claim of a nch hypa
thalamic innervation requires the substantiation of ngid control
procedures In particular sections from a normal gland and a

denervated gland (after piturtary stalk section and removal of
the supenor cervical sympathetic ganglia) stained on the same
shide should help to clanfy the nature of any fibres seen 1n the
pars distalis

The fibre components of the neurchypophysis and adeno
hypophysis have been studied by Green (19,15) using phase
microscopy It was found that the nerve fibres known to be
present 1n the neurohypophysis were not visible 1n media of hugh
refractive index whereas raising the refractne ndex of the
media did not appear to dimirush the number of fibres seen 1n
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Pars intermedia Meny workers have confirmed the existence of
nere fibres entering the pars intermedia from the infundibular pro
cess In most accounts these fibres are described as berng scanty (Ras
mussen 1938 Green 1951¢) The functional significance of this
mneriation 1s unknown since the only hormone known to be secreted
by the pars mtermedta 1s the melanophore expanding hormone, and
since the pars intermedia 13 2 vanable part of the vertebrate pituitary
gland being absentir such forms as birds the armadillo elephant
cetacea and very poorlv developed 1n man

Pars tuberahs This ighly vascular part of the adenohypophysts
which 1s stretched out as a thun collar of tissue encurching the medua
e of the tuber also recerves nerve fibres from the
hypothalamo hypophystal tract ‘These fibres are more common than
those passing to the pars intermedia and although no very close rela
tionshtp of nerse termrnals to cells has been seen an mtimate assocs
atton with the blood vessels of the region has been poted (Green &
Harns 1947 Green 1951a)

Pars distahs ‘The 1nnervation of the pars distalis has been a much
debated subject though the position now seems to be clanfied The
pars distalis 1s the part of the adenohypophysis responsible for secret
ing the gonadotrophic thyrotrophtc adrenocort phic lactog:
and growth hormones so that the problem of a pars distalis tner
vation 15 one of much significance  Although some workers have
described the passage of numerous fibres from the hypothalamo
hypophysial tract to the pars distalis the majority have erther found a
complete absence of such fibres or the presence of so few that st
seemed very unlikely that they constitute a secreto motor innervation
for the gland (Rasmussen 1938) Green (19512) 1n hus survey of the
preurtary glands of many types of vertebrates concludes  In none of
the amimals studied has an mnervation of the pars distalis been
found

It 1s Iikely that the conflicting statements n the older literature
were due to the ease with which reticular connective tissue fibres
may be mustaken for nerve fibres when a siver stain 1s used
R lar fibres are pr the cells of the pars dis
talis and also exst around the portal vessels at least in the human
(Green 1948) and probably in other forms Since the portal
vessels start amongst the nerve fibres of the hy pothalamo hypo
phystal tract and pass wto the pars distabs any reticular fibres i
the sheaths of these vessels may be easily nustaken for a nervous
pathway to the gland unless the starming technique 1s carefully
controlled With this pont 1n mund the pars and zona tuberalis
of the whale s pitustary gland was examined (Harris 1950a) The
gland of the whale was chosen since 1n thrs form a thick connec
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the pars distalis  From this study 1t 1s possible to conclude that
the fibres seen m the pars distahis were different 1n nature from
the nere fibres of the neural lobe

In concluston it may be said that the available evidence indi
cates that the pars distalis recenves very few 1f any nerve fibres

Para entncular

fucleat
Supraoptic
nucleus Hypathatamo
hypophys al
Optic tract
chiasma

Fg 7 Diagram ot a sag ttal section through the prtustary gland

“The hypothalamo-hypophysal tract compr ing the supraopticohvpophts al
(S O H ) and tuberohvpophysial (T H ) tracts innenate the neurohvpaphnsis
A few nerve fibres may be seen entering the pars tuberal s and pars ntermedia
bat 1t 1s doubtful f the pars di tall recere any mneriation

THe BLoob SurpLy oF THE PARs DISTALIS (ANTERIOR I OBE)

The blood supply of the anterior pituitary may be compared
1n 2 general way with that of the lner  Both organs have a sys
temic artenal supply a portal blood supply and a systemic v enous
drainage (Fig 8) The vascular supply of the pars distalis 1s
separate from that of the neural lobe 1n sections this 1s clearly
seen since these two vascular fields are separated by the rela-
tively avascular pars mtermedia

Systemuc arter1al supply and venous drainage

‘The anatomy of the arteries supplying the anterior lobe of the
pitwitary may be studied by a vanety of methods Methods 1n-
volung dissection imjection with indian ik dyes or other



Fig 3 Fig 4
Microphotagr ph ot a section through a rabbit s bram (I1g 3} stamed to show nere
fibres on the same shde as the section through the zona tuberalis of the anterior pitws
tary of a whate (Fig 4)
Note the presence of well staed nerve fibr s in the brain tissue The prtuitary tissue
hot s famtly stamed voscular endothelium but an absence of any defimate nerve fibre
Formol fination 10 g thich sections Bodian's stain > 75

"

£ [
Fig s

Mucrophotogriph of a section through a rabb t s bran (Fig ) stuned to show ret: ular
connecti e tissue hbres on the same shde as the sectron through the antertor pitustasy of
a whale (T, 6)

Note the absence of reticular fibres in the bra n though they are present n the pua
atachnoid men nx on the surface of the brain Many reticular fibres ewst around clusters
of glandular cells in the p turtary Formol fixation 10 g thick sections Gomori s stain

n275 (Figs 3-6 Harms © W (x950) F Physiol 111 361)
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vessels of the opposite side forming an artenal ring around the
neural lobe Branches springing from this arterial ning supply
the neural lobe and part of the mfundibular stem  Nuereb et al
could find no branches of either the superior or inferior hypo
physial arteries supplying the pars distalis  This study 1s par-
ticularly opportune at the moment 1n view of the operation of
hypophysectomy which 1s being, performed in the human for
extensive carcinoma of the breast The systemic supply to the
anterior lobe 1n other forms may vary constderably from the
human pattern Dandy and Goetsch (1911) described the supply
for the pars distalis of the dog as bemng derived from a large

Fig 8 Diagram of a sagiteal sect on through the pituitary gland of a rabbit
illustrating the hypophysial blood supply

“The anterior and poster ar hypophystal srteries @ and b are denved from the
internal carotid arteries The arteral tvags ¢ to the pars tuberalis plexus (which
in turn supplies the primaty plexus of the portal vessels) are dertved from the
1nternal carot d and posterior communicating arteries The venous drainage d
Passes ta surrounding v enous sinuses 1 the dura mater or in the basisphenoid

one

number of branches of the circle of Willis which pass down the
piturtary stalk A sumlar supply for the pars distabs of the
monkey was mentioned by Wislock: (1938) viz several small
branches from the carotid arteries or circle of Willis which pass
through the leptomeninges and penetrate the anterior lobe of the
hypophysis in the vicumity of the neck (Fig ¢) In the rabbat
(Harns 1947) the systemuc artery to the pars distalts 1s a branch
of one nternal carotid usually the left ansing before the carotid
makes 1ts intracranial et from the dura mater (Fig 8) Since
the point of ongin of this artery 15 below the plane of the dia

phragma sellac this vessel passes immediately 1nto the fibrous
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masses followed by dissection or histological study staining the
vessel walls or contained blood and sectioning for microscopy
have all been used A method that demonstrates the general
arrangement well 1s to inject the arterial tree with a mixture of
indian ink nice starch and gelatin and then to dissect and follow
the vessels under a binocular microscope In this way the mam
artersal twigs can be seen blach agamst a pale background since
the rice starch granules do not allow the perfused mixture to
penetrate captllaries This method was used by Langley (1925)
to mvestigate the course of the blood of the renal artery

The systermic arterral supply of the pars distalis consists of one
or more small arteries derived from the 1nternal carotid artery
ar the circle of Willis (posterior communicating artery) The
exact pattern of these artenal twigs 1s vanable from species to
species and from one ammal to another 1n the same species In
some forms these vessels are absent and then the whole blood
supply to the pars distalis 1s derved from the hypophysial portal
system

Most of the earlier studies of the arterial supply were made 1in
the human (Luschka 1860 Per hko 1867) and suk 1
ated by the later findings of Fuchs (1924) Popa and Fielding
(1930) and others According to these workers the supply 1n man
1s derrved from two or more arteries passing from the mternal
carotid as 1t lies 1n the cavernous sinus or frequently after leaving
the snus These vessels penetrate the posterior superior angle
of the gland at the junction of the pars distalis and neural lobe
and accompanied by a certain amount of connective tissue pass
anteriorly 1 the gland More recent and more accurate studtes
of the arterial supply in man have been made by McConnell
(1953) and “uereb Prichard and Damel (19542) Xuereb et al
studied the vessels of specimens mnjected with neoprene latex or
Berlin blue and described two branches of the internal carotid
artery the supenior and inferior hypophys:ual arteries on ether
side which pass to the gland Each superior hy pophystal artery
distributes branches to the hypophysial stafk and grves off a sub
stantial branch the artery of the trabecula which courses through
the pars distalis without grving off any branches to this part of
the gland to supply the lower part of the infundibular stem Each
inferior hypophy<al artery divides into 2 medial and lateral
branch 7These branches anastomose with the corresponding
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capsule of the pituitary and 1s carried into the antertor part of the
gland with the connective tissue that separates the zona tuberalis
from the rest of the pars distalts In the pig and possibly 1n other
ungulates the arterial supply to the antenior lobe seems to arise
from the nch arterial plexus the rete mirabile  which sur
rounds the pitustary gland The hypophysial vessels of the rat
were described by Landsmeer (19,1) who found the pars distalis
of the rat recenves only a scanty artertal supply through 2 very
fine branch of the caudal hypophysial artery  The va cular
system of the pituitary has been nvestigated in other mammals
(mouse and gumnea pig Monn and Bottner 1941 cat Nowa
kowsh 19,1) Wingstrand (rg,1) has found that the pars dis
talis of birds receives no systemic 2rtenial supply and that the
entire blood supply of the anterior lobe of the pitwitary 1s derived
from the hy pophysial portal system

From the above description 1t may be seen that the artenal
supply varies constderably in different forms and this fact 1s of
mmportance in varous surgical procedures For example 1n
experiments 1nyolving section of the pitustary stalk 1t 1s important
to know whether the artenal supply 1s denived from the nternal
carotid artery below the level of the diaphragma sellae as in the
rabbit 1n which case 1t ltes safely out of the plane of stalk section
or whether 1t 1s derved from the 1nternal carotid artery or circle
of Willis and descends along the stalk  In rats and birds where
the major or entire blood supply of the pars distalis 1 derived
from the hypophysial portal vessels any expeniment involving
stalk section requires careful control procedures to verify that the
anterior lobe nissue 1s viable and has acquired a good blood
supply from other sources

The venous drainage of the pars distalis 1s by means of short
wide vems draming into venous sinuses situated around the
gland or inferiorly 1n the sphenoid bone {Drainage tto a
sphenoidal venous .inus 1s of importance 1 expeniments 1n
which the pituitary 1s exposed by a parapharyngeal approach In
the rabbit for example such exposure entails obliteration of the
sphenaidal venous sinus and 1s followed by retrograde throm
bosis of vessels 1n the pars distahis and of the hypophysual portal
vessels ] Fig g shows the general findings of Wislock: in the
monhey and it seems that a similar arrangement holds for the
venous drainage of the antenior lobe 1n other mammals and birds



Fig o Schematc dray my, of the hypophysis of the adult thesus monkey
@ arachneid membrane ba bawlar artery bt basiir vems d durd
di sellar diaphra.m ha nfer or hvpophysial artesy # lateral hypophvstal
ens oc opti chussma pe po teror clinoid process pr portal venules
sas subarachnoid space 57 subdural space shz supertor hypophysal arter
1es (1 branches to by ophy sl stalk 2 branches to antersor lobe) t dural
\en tpr vens of mfundibulir prucess

From Wislockt G B (1938) Res Publ dss were memt Dis 17 48)
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capsule of the pituitary and 1s carried 1nto the antertor part of the
gland with the connective tissue that separates the zona tuberalis
from the rest of the pars distalis  In the pig and posstbly 1n other
ungulates the artertal supply to the anterior lobe seems to anse
from the nich arterial plexus the rete mirabile which sur
rounds the pituitary gland The hypophvsial vessels ot the rat
were described by Landsmeer (1951) who found the pars distalis
of the rat recenves only a scanty artenal supply through a very
fine branch of the caudal hypophysial artery  The vascular
system of the pitwitary has been investigated 1n other mammals
(mouse and guinea mg Morin and Bottner 1941 cat Nowa
Rowshi 1951) Wingstrand (1951) has found that the pars dis
talis of birds recenves no systemic artertal supply 1nd that the
entire blood supply of the anterior lobe of the pituitary ts denved
from the hypophysial portal system

From the above description 1t may be seen that the arteral
supply vanies considerably 1n different forms and this fact 15 of
mmportance 1n 1anous surgical procedures For evample in
experiments iny olving section of the pituitary stalk 1t 1s important
to hnow whether the arterial supply 1s derned from the internal
carotid artery below the level of the draphragma sellae as in the
rabbit tn which case 1t lies safely out of the plane of stalk. section
or whether 1t 1s dernved from the internal carotid artery or crrcle
of Wilhs and descends along the stalk In rats and birds where
the major or entire blood supply of the pars distalis 1s derived
from the hypophysial portal vessels any experiment imvolving
stalk section requires careful control procedures to verify that the
anterior lobe tissue 1s viable and has acquired a good blood
supply from other sources

‘The venous dramage of the pars distalts 1s by means of short
wide veins dramming 1nto venous sinuses situated around the
gland or inferiorly 1n the sphenoid bone [Dramage nto a
sphenoidal venous sinus 1s of importance n experiments 1n
whach the pituitary 1s exposed by a parapharyngeal approach In
the rabbit for example such exposure entails obliterauon of the
sphenotdal venous sinus and 1s followed by retrograde throm
bosis of vessels 1n the pars distahs and of the hypophysial portal
sessels | Tig 9 shows the general findings of Wislockt 1n the
monhey and 1t seems that a2 similar arrangement holds for the
venous drainage of the anterior lobe 1n other mammals and birds
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Hypophysial portal vesscls

(1) Historical  Many years ago Professor Fr I Ramer of
Bucharest noticed prominent blood vessels runming along the
human pitintary stalk (cf Fig 20) and suggested to one of his
puptls (later Professor G T Popa) that a more detaied study
should be made of these yessels Popa succeeded 1n making
ser1al sections through the human gland still attached to the dien
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Fig 10 F ofa through the med:an eminence

of & rat
Dlood vessels mmected with indun nk B base of skull and meninges H
hypothalamus M £ median emmence howing the tuft of capillary loops
constituting the prmary plexus of the portal vessels P T pars tuberals
I third ventricle ¥ 70
(From Green ] D & Harnis G W (1947) ¥ Endocrmol 5 136)

cephalon by the pituitary stalk  He observed that the prominent
vessels of the stalk were in reality portal vessels in that they
ended 1n capillaries if traced upwards to the tuber cmereum or
if traced downwards into the hypophysis These obsersations
remained unpublished until at the suggestion of Professor G
Elliot Smuth the anatomy of these vessels was remsestigated at
Unnversity College London Popa and Fielding (1930 1933)
then made their first reports on these structures that became
Lnown as the hypothalamo hypophysial portal vessels In these



Fig 11 Photomicrograph of a horizantal sect on through the hypothalamus
and piuitary gland of 3 rat

Blood 1essels myected with indan mk Note the small artenal twigs (A)
which supply the pars tuberalis (P T ) and its assoctated vascular plexus and
thus the loops of the median emmence The portal vessels (P 1) are seen
runnung from the pars tuberalis and median eminence along the ventral surface
of the nfundibular stem to the pars distali (P D) X1

(From Green J D & Harns G W (1947) ¥ Fndom'ml 5 136)

Neuwral lobe

Pe mary plexus Hypophys al
in median portal vessels
eminence

Fg 12 D agram of a nudline sag ttal section through the hypothalamus and
P tu tary gland of the rat Tollustrate the general d sposit on of the hypophysial
staik and portal vessels



24 Blood supply of pars distals

oniginal accounts of Popa and Fielding and Wislockt wese that
Wislocht on histologrcal evidence drew the conclusion that blood
flowed 1n these vessels 1 a direction fowards the prtuitary gland
and that the lower end of the portal vessels connected with the
capillaries of the anterior lobe of the pituttary only and not with
the capillaries of the neurallobe  Lattle more work was performed

Fig 16 Photormcrograph of a sagittal section through the hypothalamus

pititary gland and related structures of 2 dog
Blood sessels ingected « ith mndian ik H hypothalamus 7P nfund bular
process M E median ermence with contamed smusoidal Joops P D pars

distalis VI thud ventricle x 2
(From Green ] D & Harris G W (1947) F Endocrinol 5 136)

on the anatomy of these vessels during the next ten years until
the suggestion was made that they might form part of 2 mechan
1sm whereby the hypathalamus regulates anterior priutary acts
wity Green and Harnis (1947) then remvestigated the regron in a
variety of common laboratory mammals and largely confirmed
the findings of VWislocki

(n) The anatoms, of the hypophyseal portal gessels 1n mammals
In mammals the hypophysal portal system seems to be arranged
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as follows (see Tig 8) Small arterwal twsgs from the internal
carotid artenes and postenor commumcating arteres run to
supply a nich vascular pleus situsted 1o the pats tuberalss of the
priuntary gland  From ths plexus anses a multitude of capillary
loops or tufts which penetrate mnto the tissue of the median
eminence and there come into irtimate relationship with the

\,‘"u\ S,

Fig 17 Photomerograph through the median eminence of a dog

Blood vesscls smyocted wath sndan wk M E med an emnence contaming,
characten e essels PO parsdstid b AT chud ventnicle & 66

(From Gren ] D & Hams G W unpublished \

nerve fibres of the supraopucohypophysial, tuberohypophysial
and other nerve tracts ‘These loops or tufts are callectively
referred to as the primary plexus of the hvpaphysial portal vessels
One cniterion of the hmits of the median eminence 15 that 1t 1s
that part of the tuber cinereum related to the pars tubcrabs or the
primary plexus On naked eye examuination of the base of the
brain the presence of the pars tuberalis and the primary plecus
gives to the median ermnence a pink colour 1n contrast to the
grey at whate colour of the adjacent regions of the tuber cinereum
and hvpothalamus  The blood from the primary plexus s
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draimed down the large portal trunks which lie mamly on the
anterior or ventral surface ot the pitwitary stalh  In most forms
such as the rat and man these vessels are clearly visible to the
nahed eye The portal trunhs in turn break up and distribute
therr blood into the sinusoids of the pars distahs of the adeno
hypophysis It 15 an interesting feature that the capillary loops

Fig 18 Photomicrogtaph of a mudline sagittal section through the hypo
thalamus and pitwtary gland of a | orpoise

Blood essels npected with indian inh Note the pars tuberal: P T nises
anterior to the septum S fo encircle the tuber cinereum and that the mass of

1n the median M E of the tuber cinereum
connect 1 tth the trunks of the portal vessels in the pars and zona tuberalis
ZT and so with the s nusoids 1o the pars d stahs P D 1P anfundibular
process O € opuic chiasma > 13
(From Harns G W (1g50) 7 Phisi I 11 361)

seen 1n the primary plexus of most higher mammals are probably
representative of a primitive type of cerebral vascularization
Many of the Jower vertebrates as well as some marsuprals (opos
sum) are described as having only non anastomosing tessels
with termmal capillary loops m the bramn and spinal cord The
looped vessels illustrated 1n the median eminence of the rabbt
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(Fig 14) and the dog (Fig 17) arc very similar to the vessels
shown by Horne Craigre (1938 Figs 2 3 and 4) and others 1n
the central nersous systems of cyclostomes uradeles and
reptiles

The exact pattern of the portal vessels varies between different
species and seems to be largely dependent on the length and

¥ g 19 Transierse section th ough the hypothalamus and pitustary gland of
a rhesus monkey

Blood vessels myected suith id an ik ote the tufted sessels in the median
emn nee (M E) passing infeno Iv as the portal vessels (P ¥ } mto the pars
dstals Hvpothatamus H ¥ 12

(From Wislock G B (1938) Res Publ Ats mere went Ds 17 48)

direction of the piturtary stalk (Green and Harns 1947 Harnis
1950 Green 1g951a) In the rat the primary plexus 1s most
obvious as a midhine tuft of vessels passing wpwards into the
medtan eminence (Fig 10) The pituitary stalkh m the rat 1s 2
relatively long structure which passes almost horizontally back-
wards and the trunks of the portal vessels are sumilarly long and
placed 1n the same plane (Fig 12} It1s thus possible for 2 single
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horizontal section (as 1n Fig 11) to pass through the tuber
ciereum  piturtary stalk and pars distalis In forms like the dog
and cat 1n which the prtustary stalk 1s very short the trunks of
the portal vessels are likewise short In this case the primary
plexus 1s closely apprc d to the ds of the pars dis
talts so that the blood passes directly from the upper capillaries
(primary plexus) into the lower
capillanes (sinusotds of the pars
distahs) without traversing any
mtervening portal trunks (Figs
16 17) The vessels of the rabbit
are mtermediate between those
of the above extreme types (rat
and dog) In this animal the
pitustary stalk 1s abbreviated but
trunks of the portal vessels do
exst 1n a specialized part of the
pars distalis known as the zona
tuberalis The richness of the
primary plexus 1 the median
emmence of the rabbit 1s well
shown n Fig 14 and the trunhs
of the portal vessels descending
m the zona tuberalts before

Blood supply of pars distals

Fig 20 Photograph of hypothalamus
stalk and pruitary gland of a man
Posterior view

W B mammillary bodies O T optic
tract P pitwitary gland P.S pituitary
stalk posterior aspect showing portal
vessels engorged with blood X 4
{From Green J D & Harns G W
(1947) ¥ Endocrinol 5 136)

merging with the vessels in the
pars distalis generally are shown
mn Fig 15 The portal vessels of
the Cetacea are of note 1n that a
septum intervenes between the
antertor and posterior lobes of
the piturtary as m the arma-

dillo Indian elephant and other
forms and 1t became of interest at one trme to see whether the
septum interrupts this vascular path A study of the hypo
thalamus and pituttary gland of the porpoise showed that the
pars and zona tuberalis pass upwards antertor to the septum and
that the portal vessels are present and more obvious than in some
other forms owing to the fact that they are concentrated together
(see Fig 18) The portal vessels of the monkey 1n which the
pituitary stalk runs 1n a vertical plane are well described by
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Wislock: (1938) and dlustrated 1n Figs 9 and 19 In man the
pitustary stalk 1s long and runs downwards and forwards instead
of downwards and backwards as in lower mammals  The prunary
plexus 1 man differs from that of other forms in several ways
(Green 1948 Xuereb Prichard and Damel 1954) Furstly atas
situated not only 1n the median eminence but also extends well
down the neural stalk Secondly the capillartes that form the
primary plexus are arranged 1n a curious tufted fashion as 1n the

Fig 21 Photograph of antenior a pect of p tuttary stalk of man

Blood vessels mnjected with neoprene latex Note prom nent trunks of portal
vessels 1 hypophysial stalk (E.S) runnng down into pars distal s (P D)
wheh s partly dissected to show the vessels breaking up nto the sinusoids of
the gland X 10

(From Xuereb G P Prichard Magorie M L and Dansel M
Quat § exp Physol 39 z19) i P M (959
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monkey, and thirdly there appears to be more connectve tissue
(collagen and reticular fibres) in the walls of the tufted capillaries
Howeter 1n principle, the arrangement 1s the same 1n that blood
passes from these wide capillanies situated 1n the neural tissue
nto large portal trunks which sweep on to the anterior surface
of the lower end of the hypophysial stalk and so down into the
pars distalis (Figs 20 21)

In all forms it seems that the capillaries of the primary plexus
are situated 10 ntimate relationship with nerve fibres 1n the
nedan emmnence, but they are far removed from any compact
group of cells such as the supraoptic nucleus paraventricular
nucleus or other nuclear groups This pomnt 15 of significance
when considering the possible nfl of the hypothal on
these vessels

(1) ke direction of blood flow 1 the hy pophy sial portal vessels
For many years after the ongmal observanons of Popa and
Frelding and Wislochs the direction of blood flow in the portal
vessels was debated at times quite vehemently Itis now possible
to state dog. Ny that the 4. of flow 15 from the median
emuence o the pstuitary gland The evidence on which this
statement ts based has been summanized as follows (Green and
Harnis 1949)

() The anatomucal arrangement of the vessels as seen on
mucroscopic exammation Arteries supply the pars tuber
alis plexus and therefore the primary plexus but the only
route for draining blood from these plexuses appears to be
the portal vessels

(5) Observations made on glands 1n which the vessels had been
incompletely filled after perfusion with mndian mhk

(c) The site of arrest of fat emboli within the system

(d) Slow vascular myectron of indian 1k 1n dead animals with
observation of the filling of the portal vessels

(e} Indian 1nk injectrons made into the zorta of anaesthetized
rats with mtact hemisected or transected prtustary stalks
followed by rmmediate decapitation

(f) Direct microscopic observation of the direction of blood
flow 1 the portal vessels of anaesthetized ammals

Clearly the last type of evidence 1s the most sattsfactory and such
observattons have been made on amphibians by Houssay Bra
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sotth and Sammartino (1935) and Green (1947) and on rats by
Green and Harris (1949)  In the anaesthetized rat it 1s possible
to remose the lower jaw and part of the base of the shull and to
observe the whole extent of the portal vessels microscopically
With such a methed 1t was observed that the blood stream 1n the
portal trunhs shows no sign of pulsation indicating 1ts previous
passage through a plexus and that the flow of blood 1s from the
dense capillary plexus 1n the median eminence to the pars distalis
of the pituitary gland There can be Lttle doubt from this and
the other evidence that a similar direction of flow will be found
1n other forms

(1) Embryological development of the pitustary gland and portal
zessels The embryology of the pittary gland has been studied
1n many types of vertebrates Typical of these accounts 1s that
given by Atwell (1918) for the rabbit (Tig 22) Asiswell lnown
the adenohy pophys:s 1s dernved from Rathhe s pouch which 1s
evaginated from the ectoderm of the stomodzeum whereas the
neurchypophysis 1s dernved from the floor of the diencephalon
By the eleventh day of embryonic life 1n the rabbst the duration
of pregnancy being about thirty two days in this form Rathke s
pouch 1s well formed and two small protuberances at the rostral
and lateral corners of the pouch denote the formation of the
lateral lobes By the sixteenth day of pregnancy the stalh of
Rathke s pouch has separated from the buccal ectoderm and the
two lateral lobes have grown upwards to establish contact with
the tuber cinereum By the twentieth day the lateral lobes are
extending nasally and caudally to form the collar like plate of
cells the parstuberalis which finally encircles the tuber cinereum
According to Dawson (1937) the lateral lobes of Rathke s pouch
give nise not only to the pars tuberalis of the adenohy pophysis
but also by fusing 1n the midline to the antertor pole of the pars
distalis hnown as the zona tuberalis This region of the pars dis
talis may be distinguished from the main mass of the pars distalis
by 1ts cytology (see Dawson 1948) and by 1ts relationship to the
trunks of the portal vessels In many forms 1t 1s partially separ
ated from the more caudal part of the pars distalis by connective
tissue trabeculae which appear to be mcorporated i the gland
by the separate upgronth of the lateral lobes of Rathhe s pouch
m the embryo A systermic artenial supply makes 1ts entry into
the gland (at least in the rabbit and human) along the connective



Fig 22
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hissue trabeculse wheseas the portal vessels denved from the
region of the pars tuberals pass infenorly 1n 2 concentrated mass
in the zona tuberalis and therefore lie anterior to the trabeculae
This selationship 1s shown 1n Fig 23 It seems then that the

Fie 23 Diagram to sh> 1 the relationsh p of the systemuc arterial and portal
vessel supply te the pitutary gland of 4 rabbit

< ugsue trabecul 4 m the h sbvitte
vpgrowth of the lateral fobes of Rathke s pouch These lobes form the zona
{Z T) and pars tuberal s (P T') of the adult gland with wh ch parts the hypo
phvsial portal vessels are mtimately related

lateral lobes of Ratbhe s ponch which in all probability form the
pars and zona tuberalis are responsible also for the gross arch
tecture of the blood vessels of the antenior lobe

Stnce the method of development of the pars tuberalis from
the lateral lobes of Rathke s pouch 1s constant over a wide range
of vertebrates the question anses as to the functional significance

Fig 22 To show the embrvologi-al development of the pitu tary gland ot
the rabb ¢
Note the upgro vth of the lateral lohes >f Rathke s pouch which ult m ely
Tonnect ve hissue n the fand and form the pars and
zora tuberalis of tre adenohypophyss Compare the development of the
different parts of the gland with the arrangement of the sascular syster as
shown m Fig 23
@)1 thday x 6o (b rsthday x o (¢) 6th day X 6o (d) 18tk day
X 38 and () 24th day of foctal I fe x 33
ant 1 anterorlobe dw bran wall cot cortical plate {{ lateral lobe
#¢ notochord n{ neural lobe pt pars tuberalis » rema ns of stalk of
Rathke pouch beloy sphenod S Seess | pouch sphen portion of
cartil ge of sphena 1 st stalk of Rathbe ¢ pouch
(From Avwell W J (018) dmer § dnat 2% 271)
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of the definitive structure (pars tuberalis + zona tuberahs) Smce
the pars tuberahs (1) has no proven endocrine function (2) con
stantly establishes contact with the floor of the diencephalon
even in those forms 1n which a septum separates the pars distalts
from the neurohypophysis and (3) 1 nearly all forms examined
bears a constant relationship with the portal vessels 1t has been
suggested (Harris 1947) that this part of the pituitary s Jard
down 1n the embryo as a bed for the hypophystal portal vessels
In ather words that the pars tuberalis may not be composed of
endacrine tissue but 1s formed as the anatomical bed of a vas
cular pathway which constitutes part of an essenttal ink between
the central nervous system and the pars dustalts of the pitmtary
There 1s some evidence against this vien In a few exceptional
forms such as the frog, the pars tuberalis becomes detached
from the pars distalis and exists as two discrete patches of cells
an the ventral surface of the wmfundibulum (Green 1947) Wing
strand (1951) has observed also 1n bird embryos that the portal
vessels and pars tuberalts are formed separately and that as a
secondary process the cells of the pars tuberalis formed from the
two lateral lobes enclose the midhne portal vessels from both
sides However whether the teleological view pomnt 1s adopted or
not it 1s clear that there 1s some close relationship between the
pars and zona tuberalis and the portal system

(v) Pinlogenetic development of the kypophisial portal eessels
The following account of the evolutionary development of the
portal vessels follows the description gnen by Green (1951a)
(see Tig 24) Green found that 1n cyclostomes and fishes a
plexus of vessels 15 present between the neurohypophysis and
adenchypophysis In some forms this plexus penetrates the
neurohypophysial tissue but 1n others 1t 15 a simple superficial
plexus which probably nounishes the nervous tissue by diffusion
though branches pass from 1t to supply the adenohypophysis In
fishes this plexus may be greatly folded thus increasing its sur-
face area If humoral transmission occurs from the neurchypo
physts to the adenohypophysts the presence of this plexus and
branches of supply to the adenchypophysis would probably make
the transmssion more effectnne  In the Urodela (amphibians) a
typical peural lobe with an independent blood supply appears
for the first time and the plexus of vessels described above pene
trates a specialized median eminence before supplying the pars
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distalis  In the Anura (such as frogs and toads) the plexus not
only penetrates the median eminence but collects nto trunhs
destined to supply the pars distalts In the higher vertebrates
(reptiles birds and mammals) a system of portal vessels passing
from the median eminence to the pars distalis 1s constantly
present Green (19514 page 274) concludes It 1s a remarkable
fact that the hypophysto portal circulatton shows such minor
varations between related spectes and that the varations de
scribed can be followed with such ease 1 50 orderly a mannerm a
phylogenetic series Such constancy suggests a functional signthc
ance Were it not so wide varations might be expected to occur
since the general morphology of the pitutary aself 1s anything
but constant

(v1) Regenerative capacity of the hypophysial portal cessels 1t
has recently been found that the hvpophysul portal vessels
possess marhed powers of regeneration after section of the prtuit
ary stalk Following this operation 1n the rat st was found (Harris
19506 Harns and Jacobsohn 1950) that capillary outgrowths
brtdge the gap of the divided stalk as early as 2448 hours after
operation and that relatnvely large vascular trunhs may cross the
site of section withmn a few weeks The extraordinary capacity of
these vessels to regenerate 1s shown by the fact that a capitlary
network may penetrate the nterstices of a plug of cotton wool
or gun cotton placed between the divided ends of the prtustary
stalk and 1n tius way mav re establish vascular connection be
tween the median emnence and anterior piturtary (rat—Harrs
1950b rabbit—Brown Grant Harns and Rerchhin unpublished)
In the same studies on the rat and rabbut 1t was found that stmilar
regeneration may occur around the borders of waxed paper
plates placed between the cut ends of the stalk  Harns and
Jacobsohn (1952) reported that a profuse outgrowth of vessels
may occur from the primary plexus into homotransplants of
prturtary tissue placed in the subarachnod space below the
median emnence of the rat  Extension of this work i the rabbst
has grven conhrmatory results (Jacobsohn, 1954) Similar regener
ation following prtuntary stalk sectton, bas now been observed mn
the mouse (de Groot 1952) ferret (Thomson and Zucherman
1953 1954 Donovanand Harns 1954) and monhey (Harnis and
Johnson 1950) The p of these find. m
relation to e‘(penmems nvolving stalh section ts apparent
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(vu) Functional significance of the hypophysial portal vessels In
the last few years much evidence has accumulated that the
P of 2 hypophysial portal 1 15 1 for func-
tional activity of the anterior lobe of the pituitary gland and that
nervous (hypothalamic) factors may regulate the rate of secretion
of the gland via this vascular system It 1s felt that the most
likely hypothesis 1s that nerve fibres from the hypothalamus
Iiberate some humoral substance(s) into the capillarses of the
primary plexus 1n the median eminence and that this substance
15 carried by the portal vessels to exate or inhibit the secretion
of the gland cells 1n the pars distalis  This possibibity 15 dis
cussed 1 more detail 1n Chapter 7
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CHAPTER 3
TRANSPLANTATION OF ENDOCRINE GLANDS

The clearest single piece of evidence that a particular organ 1s
an endocrine gland 1s that the organ will still maintarn its normal
function if transplanted to a distant site 1n the body Berthold
(1849) gave the first proof of the existence of an internal secretion
by transplanting the testes in castrated cocks and demonstrating
that such transplants would maintain the normal male develop
ment of the bird The successful transplantation of a gland 1n
this manner demonstrates two facts that the stimulus to the
normal activity of the gland 1s mediated via the blood stream and
that the gland produces 1ts charactenstic effects in the body via
a secretion passing nto the blood stream

The same general principles apply to transplantation of endo
crine glands as of other tissues of the body (see review by Loeb
1930) Autografts (grafts in the same individual) readily take
and survive homografts (grafts from another individual of the
same species) may take and survive for 2 period though they
often undergo lymphocyticinfiltration and fibross aftera period of
some weehs and heterografts (grafts from an animal of another
spectes) rarely tahe atall Take 1n this connection 1s used
to denote the process by which a graft acquires a blood supply
and rematns histologically differentiated though it may or may
not show signs of functional activity Most endocrine trans
plants will take more readily 1f there exists a state of deficiency 1n
the host for the particular gland concerned This 1s known as
Halsted s Principle of D and probably 1nd that the
glands for which the prineiple holds true are under the humoral
control of one of the anterior pituttary trophic hormones For
example ovariectomy 1s known to increase the secretion of
gonatrophic hormones by the anterior pituitary so that ovarian
grafts 1n an ovanectormzed animal might be expected to take
more readily than in the normal animal  Simular factors probably
operate 1n grafts where the testes thyroid and adrenal cortex are
concerned There 1s however no evidence that a state of defi-
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crency 1s an 21d to successful transplantation of the parathyrords
adenohypophysis neurchypophysts or adrenal medulia

When studying the replacement capacity of an endocrine
transplant 1n an animal 1 which the gland under consideration
has been removed attentton should be paud to the following
points (Harris 1948)

1 The transplant should be situated at a distance from the
normal site of the gland to obviate the danger of local vas

cular or nervous repatr

The study should be extended over a period of time suffi

cient to ensure that any effects observed are due to func

tional actmaty of the transplant and not solely to the
absorption of an implant

Serial sections should be made through the normal site of
the giand and through the site of the transplant so that
hustological study may control the activity of the transplant
and the complete absence of the animal s own gland The
presence of accessory nodules of glandular ttssue should
also be excluded

N

w

Neurohypophysts and adrenal medulla

At least two endocrine glands have not been successfully
transplanted the neurohypophysis and adrenal medulla Both
these glands are characterized by their embryomc dertvation from
the neural ectoderm by being richly mnnervated and by the rela
tively short latency of the responses produced by their secretory
activity It seems likely that theiwr innervatton and their acute
short Ined responses are to be correlated The more stowly
acting endocnne glands such as the gonads and thyroid, are
maintained and regulated humorally by their blood supply
whereas these more quickly acung glands are dependent on 2
more quickly acting control mechanism

The degree of dependency of the neurohypophysis and adrenal
medulla on a nerve supply 1s very marked If the hypothalamo
hypophysial tract 1s interrupted by section of the pituitary stalk
or by a hypothalamic lesion the neurohypophys:s ceases to func
ton and atrophies  Simularly cutting the splanchnic nerves
results 1n reduced function of the adrenal medulla which becomes
relatively nevcitable to electrical stimulation {Cannon and
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Rosenblueth 1937) It 1s hardly surpnising therefore that trans-
plants of these glands although they may remain recogmzable to
Tistological examination show relatrvely little 1f any function
Thus fact 1s almost certainly related to their mode of control and
not to theirr mode of action

Ovaries

Since the classical work of Rnauer (1896) who grafted pieces
of ovaries into ovanectormzed guinea pigs and showed that such
a procedure presented castrate atrophy the replacement capaaity
of ovarian transplants has been confirmed many times Marshall
and Jolly (1907 1908) were the first to make a detailed study of
such transplants and to publish illustrations of microscopic
sections of transplanted ovaries Autografts and homografts in
inbred strains of ammals give a gh incidence of successful
transplants and there 1s evidence that the number of successes 1s
mncreased by previously removing the gonads of the host In
successful cases changes typical of normal evanan cycles occur
that 1s follicular nipening ovulation and formation of corpora
lutea The occurrence of atretic follicles and cystic follicles seems
however to be more common than 1n normally situated ovaries

The fact that transplanted ovaries 1n an adult female host are
capable of maintaming the accessory reproductne organs in a
normal state indicates that the transpl:mt 1 both controlled by
and exerts 1ts infl through I Is If however
the ovary 1s transplanted to a site drained by the intestinal portal
vein for example 1nto the spleen then somewhat different
results are obtamned from those given above The transplanted
gland may still undergo the cyclical changes but its effect on the
accessory reproductive organs 15 reduced This 1s seen more
clearly 1n lower mammals such as rodents and there 1s good
evidence that the apparent reduction 1n ovanan actraty 1s due to
the fact that the steroid hormones are metabolized 1n the liver
and do not therefore reach the uterus and vagina through the
general systemic circulation

It has been known since the time of Foa (1900) that the ovary
of an immature ammal grafted nto an adult host undergoes
rapid development and assumes adult function long before 1t
would normally have done so  Also ovaries from adult ammals
grafted mto 1mmature ho ts lose their functional activity and




42 Transplantation of endocrine glands

ciency ss an aud to successful transplantation of the parathy roids
adenohypophysts neurohypophysts or adrenal medulla

When studying the replacement capactty of an endocrine
transplant 1n an ammal 1n which the gland under consideration
has been removed attention should be paid to the following
points {Harns 1948)

1 The transplant should be situated at a distance from the
normal site of the gland to obwate the danger of local vas
cular or nervous repair

The study should be extended over 2 period of time suff
ctent to ensure that any effects observed are due to fune
tional actiaty of the transplant and not solely to the
absorption of an 1mplant

Senal sections should be made through the normal site of
the gland and through the site of the transplant so that
histological study may control the activ1ty of the transplant
and the complete absence of the ammal s own gland The
presence of accessory nodules of glandular ussue should
also be excluded

N

[

Neurohypophysts and adrenal medulla

At least two endocrine glands have not been successfully
transplanted the neurohypophysis and adrenal medulia Both
these glands are charactertzed by their embryonic dertvation from
the neural ectoderm by being richly innervated and by the rela
tively short latency of the responses produced by their secretory
activity It seems Dtkely that therr mnenation and their acute
short hived responses are to be correlated The more slowly
acting endocrine glands, such as the gonads and thyroid are
mamtamed and regulated humorally by therr blood supply
whereas these more quickly actng glands are dependent on a
more quickly acting control mechamsm

The degree of dependency of the neurohy pophysts and adrenal
medulla an a nerve supply 1s very marked If the hypothalamo-
hypophy«ial tract is interrupted by section of the piturtary stalk
or by 2 hypothalamic lesion the neurohypophysis ceases to func
tion and atrophies Simularly, cutting the splanchnic nerves
results 1n reduced function of the adrenal medulla which becomes
relatively mnexcitable to electrical stimulation {Cannon and



Thyroid 45

between t50 rats of the same inbred stramn may give funcuonal
wansplants (Ingle Higgins and N\alcon 1938) When the whole
adrenal gland 15 transplanted the adrenal medulla as well as the
adrenal cortex may perstst and be found present by microscopic
cxamination of the graft at a Jater date  Following the obsenva
tton of Evans (1936) that enucleation of the adrenal may be fol-
lowed by regeneration of cortical trssue from the semaming cap-
sule 1t nwas shown that transplants of the cortex may be obtained
by grafting preces of the capsule into various sites {Turner, 1939
Baket and Batiff 1939}

Thyrowd

Transplants of the thyroid gland have been studied by many
workers (Manley and Marme 1916 Loeb, 1918 1930 Manne
and Rosen 1934 and others) Autagrafts of thyrowd tissue tabe
readily i many parts of the body homogratts often take but
usually stimulate an smmunological veaction and are absorbed
dunng the hrst few weehs after transplantation whlst hetero
grafts are never successful  The growth of transplanted thyroid
tissue 13 sttmulated by a state of thyroid insufficiency i the hast
whilst admurustration of thyroid extract inhsbuts the des elopment
of agraft Ivis hikely that both these tactors thyrotd msufficiency
and thyroid extract admimstranen influence the growth of
transplanted thyroid tissue indirectly by affecting the rate of
release of thyrotrophic hormone (T 5 H) from the ptwtary
gland Manne and Rosen (1934} showed that transplanted thy
rord tissue reacted to thyrotrophic hormone probably to the same
degree as the normal thyroid and Bondy (19,1) and Bennett and
Gorbman {19,1) have produced ewvidence of normal thyrod
function after transplantatson

Parathyroad

Successful autotransplants of the parathyroud glands have been
obtained (Leschner 1907 Halstcd xgt:g Manley and \Ianm:,
1916) and cases of s havebeen
m humaa patients suﬁermg from tetany (Manfreds and Castille
1941 Stone Owings and Gey, 1934) Manfredi and Castillo
used the parathyroid glands of new born infants for grafting
since the possibihity ot agglutination reactions with foetal blood
sslight Stone Owings and Gey cultured the parathyroid tissue
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become quiescent These old observations that have heen
amply confirmed, ndicate that the activation of the ovary at
puberty 13 not due solely to an increased sensttivity of ovanan
tissue to gonadotrophic hormones, but also to an increased blood
concentration of these hormones From this evidence 1t seemed
possible that the onset of puberty was dependent on agetng and
maturation of the anterior piturtary gland but 1t now seems
likely that other factors are involved (see Chapter 4)

Most workers have found that ovanes transplanted nto
castrate male hosts may become active as shown by the develop
ment of ripe follicles but that ovulation and formatson of corpora
lutea does not occur (Goodman 1934 Deanesly 1938) The ripe
follicles 1n such transplants however, will undergo lutermzation
if the host animal 15 injected with piturtary extract It has been
argued from these experiments that anterior piturtary tissue of
male ammals does not release follicle stimulating hormone
(F S H} and luteinizing hormone (L H ) tn the same rhythmic
fashton as the female gland and that this mught be due to some
sex difference 11 anterior prtuitary tissue (See however,p g5)

Testes

Functional autografts and homografts of the testes have been
obtatned by many workers (review by Moore 1939) In warm
blooded animals 1t 1s easter to obtain grafts showing maintenance
of interstitial tissue than grafts showing sperm formation This
1s probably due to the temperature of the site chosen for the
transplant tor Moore (1926) found that testes grafts made into
the scrotum of guinea pigs and rats showed active spermato-
genesis six months later and Turner (1938) obtamned smmilar
results 1n rats when testes were transplanted from new-born
ammals into the antertor chamber of the eye of the hosts Both
the scrotum and the anterior chamber of the eye are several
degrees cooler than the general body temperature and this fact
may well account for the spermatogenesss seen 1n these cases

Adrenal cortex

Transplants of the adrenal cortex take and grow readily pro
viding there 15 2 state of adrenal cortical deficiency mn the host
(Wyman and Tum Suden 1937 and others) Homotransplants
are less ful than pl: though cross grafung
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after hilling the grafted ammal  Examination of the sella turcica
under a dissecting microscope 1s msuffictent

One of the earltest attempts to transplant pituitary tissue was
made by Crowe Cushing and Homans (1gog) They made auto
transplants into the rectus muscle bone marrow and cerebral
cortex of dogs but had no clear cnterza with which to judge any
activity of their transplants Hohlweg and Junkman (1g32)
Gardner and Hill (193,) Martins (1936) Desclin and Gregoire
(1936) Buxton (1936) and Emery (1936) confirmed Crowe Cush
g and Homans (1909} that transplanted anterior pitutary tissue
could obtain a blood supply and remain histalogically 1dentifi
able but added hittle data regarding the functional ability of such
transplants Hill and Gardner (1936) described two hypophy
sectomized male mice m which intratesticular grafts of pituitary
tissue from litter mates were made It was found that the semini-
ferous tubules serminal vesicles and adrenal cortex were well
maintained but sertal sections through the pituitary region
showed that both ammals were incompletely hypophysectom
1zed May (1935 1937) grafted prtuitary tissue 1nto the antenior
chambers of the eyes of four rats (two male and two female) The
testes of the male rats were maintained 1n an active state and the
fermale rats regained oestrous cyvcles and became pregnant
Hypophysectomy was said to be venfied histologically but the
fact that one female rat still had oestrous cycles after removing
the eye containing the graft throws some doubt on this observa
tion Richter and Eckert (1937) transplanted pituitary tissue into
hypophysectomized female rats but did not observe oestrous
cycles 1n these antmals and the ovaries and adrenals were found
to be atrophic  Phelps Ellison and Burch (1939) made pituitary
grafts into the thigh muscles of hypophysectomized female rats
Some of these grafts survived but showed comparatnvelv little
functional actrvity Lvidence of mild folhcular stimulation was
observed but no ovulation formation of corpora lutea or cestrous
cycles were seen  Ovaran and adrenal werghts and histology also
indicated some but comparatnely little function of the trans
plants The completeness of hypophysectomy was determined
by careful check at autopsy  In athorough study Westman and
Jacobsohn (1g40) transplanted the prtuitary glands of young rats
mto the antersor chamber of the eye of hypophysectomized
female rats The grafted animals were obsersed for pertods up
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in a medium containing the patient’s serum, 1 an attempt to
adapt the tissue to the blood composition of the future host
before the operation of grafting was performed There 1s httle
evidence that the antertor pitustary gland has any controlling
fluence over the parathyroid, and 1t 1s of interest n this respect
that a state of parathyroid defictency 1s not essentsal to successful
parathyroud grafing  Manley and Marine (1916) observed many
cases of successful parathyroid transplants in rabbits when some
of the hosts own parathyroids were still n place

Anterior pitustary gland

In respect to transplantation the antertor pituitary gland
differs markedly from the other endocnine glands discussed
above The functional activity of the adenohypophysis 1s very
markedly reduced if 1t 1s transplanted to a site 1n the body remote
from the sella turcica  Since the gland has at most a very scanty
mnervation tt 1s improbable that this result 1s due to section of a
secreto motor nerve supply, as seems to be the case for the
neurchypophysis or adrenal medulla In lacking a well marked
secreto motor nerve supply the anterior pituitary lies 1n the same
category as the ovary testes thyroid and adrenal cortex and 1t
mught be thought from this that the mechamsm regulating 1ts
activity and by which 1ts function 1s stimulated under various
conditions 1s likely to be of a humoral nature The fact that
transplantation to a distant site does not result 1n a functionally
active graft would indicate that this humoral mechanism 1s not
the general systemic circulation

Since the statement that anterior prtuitary tissue trans
planted to a distant site shows very little functional activity 1s
of such sigmficance 1n the present discussion some of the older
work which clarmed that functionally active transplants had been
obtamned will be exammed 1n more detail  In evaluating work of
this type the three critenia to which attention was drawn on page
42 should be born in mind It 1s especrally important that the
ongmal hypophysectomy should be ngidly controlled 1t clarms
are made that transplanted pituitasy tissue 1s functionally active
During the operation of hypophysectomy 1t 1s difficult to be cer
tain that a fragment of tissue has not been left s sizer and this

h 1 difficulty the control procedure of making
senal sections through the whole extent of the pitmitary capsule
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was no evidence of extra sttmulation of the adrenals under the
stress of starvation Schweizer and Long (1950b) found some
evidence of thyrotrophic activity mamtained by such pituitary
grafts 1n a few of their animals but at a greatly reduced level
More recent work by Greer Scow and Grobstein (1953) has also

Fig 25 Photograph of the eye of a rat bearng a transplant of anterior
P twitary tissue in the antenor chamber Note the large  essels of the transplant
visible through the cornea

(From \estman A and Jacobsohn Do a (1940) Acta path microbiol
sad 17 328)

Fig 26 Microphotograph of a section through the s of the eye of a rat
with an attached anterior putustary transplant

(From Westman A and Jacobsohn Dora (1940) Acta path mcrobtol
scand 17 328)
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to five months before being Julled After death the volume of
transplanted tissue 1 the eye was measured and found to repre-
sent 30-200 per cent the normal volume of the rats pitutary
gland (Figs 25 26) These transplants were found to be well
vascularized but contarned few or no eosinophilic cells Therr
secretory activity was thought to be mil for gonadotrophic hor
mone doubtful tor the growth hormone and slight but definite
for the adrenocorticotrophic hormone Cutuly (1941) made
grafts into the anterior chamber of the eye of hypophysectomized
male rats  One anumal had a fertile mating 200 days after opera
tion and 1n general there seemed to be some maintenance of
testicular weight though no maintenance of the thyroid or adrenal
glands The work of Schweizer and his colleagues on pitustary
transplants into the antertor chamber of the eye of hypophysec
tomized guinea pigs 1s much quoted in the literature but their
results 1n respect to the functional ability of their grafts are far
from clear Schweizer Chanpper and Hatenus (1937) found
such grafts i female guinea pigs might produce some follicular
growth m the ovaries (which was not reflected by an increase mn
ovarian weight) hypertrophied uten and constant vaginal open
1ng (thus latter occurring in two out of ten animals) No evidence
of ovulation or formation of corpora lutea was seen although this
normally occurs spontaneously 1n the guinea pig  All the thy
roids and adrenals examined showed good maintenance
Schweizer Charipper and hlemnberg (1940) found that similar
grafts in male guimea pigs could marntain the reproductive organs
1n an active state though the testis weight was reduced as com
pared with the normal A puzzling fact in these experiments was
the strihing gain 1n body weight due to growth which occurred
1 control animals that had been hypophysectomized and 1m
planted but n which the implants had not taken However
the method of verifying the completeness of hypophysectomy—
scraping the sella turcica and serally sectioning questionable
fragments—ts open to doubt In these experiments on male
guinea pigs there was no evidence of any maintenance of the
adrenal glands though in later work Schweizer and Long (19504)
produced histologtcal evidence that partial mamtenance of the
adrenal gland could be obtained with intraocular priutary trans
plants 1n male and female guinea pigs In no case however did
the graft support the gland at a normal level of activity and there
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by intraocular transplants m rats but no maintenance of body
growth or of the testes These last three groups of workers
(Cheng et al 1939 McDermott et al 19,0 and Fortier 1g,1)
all found evidence that the rate of ACTH secretion by the
grafted tissue although below normal levels could be affected
by vanous p dures such as ad ation of | or
adrenaline This point wiil be referred to agam later (Ch 4}
for the moment 1t 1s sufficient to note that all agreed that there
was no evidence for secretion of the growth or gonadotrophic
hormones and that the adrenal glands of their transplanted
anmmals were partially or completely atrophic

Haymaker and Anderson (1936) and Martinovitch (1940) tried
a different techmque 1n an attempt to obtain functionally active
pituitary transplants These workers made cultures of pitwitary
uissue from voung rats and after 5~7 davs in the first case or 32
days 1n the latter, transplanted the cultured tissue to hypophy-
sectomized recipients  Haymaher and Anderson studied 89
amimals and found some evidence for sperm production and
thyroid function in 3 and some evidence of adrenal repair in §
Martinovitch observed some resumption of growth i the five
rats he ¢xamined

Summanzing the above results 1t may be said that there 15 no
evidence that the anterior pituntary gland will mamtain normal
functions »f transplanted to a distant site 1n the body and that in
this respect the adenohypophysis stands 1n marked contrast to
the ovares testis adrenal cortex thyrouds and parathyroids
However very different results are obtained if the piturtary gland
15 removed from the sella turcica so that all vascular and nervous
conmections are interrupted, but 15 then replaced w the sella
turcrica or i an adjacent site Normal anterior pitwitary
function may then return to such grafted tissue  To differentiate
this procedure from that described above where the gland was
replaced 1n a distant site the words grafting and grafts (instead
of transplanting and transplants) will be used 11 thes connectron
Greep 0 1936 was the first to report that young (28 day old)
hypophysectomized rats bearing auto and homo grafts of
pitutary tissue 1n the sella turcica showed good antenor prtuit
ary function as evidenced by growth oestrous cycles pregnancy
and lactation One difficulty 1n the 1nterpretation of these results
was the impossibility ot determmnuing the completeness of the
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d

rated some of thyroid function by mtra
ocular pitustary transplants in hypophysectomized mice These
worhers found that the transplants did not maintamn the body
weight or the weights of the thyroid ovaries adrenals or uterus
significantly above those of hypophysectomized controls How
ever thyroid function as measured by a radiotodine uptahe per
unit thyrotd weight and a thyroidfserum 1odide ratio was appar
ently maintamed at about two thirds the normal level From
these and other results Greer (19,2) suggests there are two types
of thyrowd stumulating hormone released from the piturtars the
first concerned with thyroid growth the secretion of which 1s
controlled by the hypothalamus and the second concerned with
thyroid activity the secretion of which 1s independent of the
hypothalamus Further data are required for the substantiation of
this view A study of the luteotrophic function of piturtary auto
grafts has been made by Everett (1954) Adult female rats were
hypophysectomized on the day following ovulation and the
prtuitary tissue transplanted to the renal capsule or the vicinity
of the common carotid artery The uten of these animals were
traumatized four days later and exammation at autopsy on the
eighth day revealed the development of decrduomata 1ndicating
the maintenance of functioning corpora lutea over this interval
Everett discussed the possibility that these results may be ex
plained by the absorption of hormone from an implant rather
than by functioning of a transplant but felt this to be unlikely
Since the climcal importance of the adrenocorticotrophic hor
mone (A C T H ) has been established several groups of worhers
have studied the activity of pitustary transplants with special
reference to the mechamsm controfling release of ACTH
Cheng Sayers Goodman and Swinyard (1949) studied pitustary
transpl 1n hypophy d rats and found The decrease
1n weight of the adrenals was tn most instances as great as that
which occurred 1n the hypophysectomized ammals without
grafts There was also litle evidence of secretion of growth
hormone or gonadotrophtc hormone by the transplanted prtuitary
tissue  McDermott Fry Brobech and Long (1950) found intra
ocular transplants of anterior pituitary tissue would give partial
mantenance of adrenal gland weights in rats but their anumals
did not grow and the testes were completely atrophic Fortier
(1951) Iikewise observed some maintenance of the adrenal glands
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by intraocular transplants in rats but no maintenance of body
growth or of the testes These last three groups of worhers
(Cheng et al 1949 McDermott et al 1950 and Fortier 1951)
all found evidence that the rate of A CT H secretion by the
grafted tissue although below normal levels could be affected
by vanous d such as ad n of ot
adrenahne This point will be referred to again later (Ch 35)
for the moment 1t 15 sufficient to note that all agreed that there
was no evidence for secretion of the growth or gonadotrophtc
hormones and that the adrenal glands of their transplanted
amimals were partially or completely atrophic

Haymaler and Anderson (1936) 2and Martwmovitch (1950) tried
a different technique 1 an attempt to obtain functionally active
pituitary transplants These workers made cultures of pituitary
tissue from young rats and after 5-7 days in the first case or 32
days 1n the latter transplanted the cultured tissue to hypophy
sectomized reciprents Haymaker and Anderson studied 89
antmals and found some evidence for sperm production and
thyroid function 1n 3 and some evidence of adrenal repair in 5
Martinovitch observed some resumption of growth i the five
rats he examined

Summanzing the above results 1t may be said that there 1s no
evidence that the anteror pitwitary gland will maintamn normal
functions if transplanted to a distant site 1n the body and thatn
this respect the adenohypophysis stands 1n marked contrast to
the ovaries testis adrenal cortex thyroids and parathyroids
However very different results are obtained if the pituitary gland
1s removed from the sella turcica so that all vascular and nervous
connections are interrupted but 1s then replaced 1 the sella
turaica or n an adjacent site Normal anterior pituitary
function may then return to such grafted tissue To differentiate
this procedure from that described above where the gland was
replaced 1n a distant site the words grafung and grafts (instead
of transplanting and transplants) will be used 1n this connection
Greep 1 1936 was the first to report that young (28 day old)
hypophysectomized rats bearing auto and homo grafts of
pituitary tissue 1 the sella turcica showed good anterior prtwt
ary function as evidenced by growth oestrous cycles pregnancy
and lactation  One difficulty in the interpretation of these results
was the impossibility of determiming the completeness of the
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1nitial hypophysectomy by serally sectioning the sella turcica
Thus experiment does not seem to have been repeated 1 detatl,
although Cutuly (1941) found sellar grafts were more active in
gring partial maimtenance of the adrenal glands than intraocular
transplants In the fifteen years succeeding Greep s observations
evidence gccumulated that the functional activity of the anteror
piturtary gland 1s dependent on 1t» blood supply via the hypo
physial portal vessels If antertor piturtary actrvity and 1ts neural
regulation 1s dependent on these vessels (and not on a drrect
nerve supply or on humoral stimuls arrrving via the general sys
temic crrculation) then one possible explanation of Greeps
results seems to be that the portal vessels regenerated and re
established the anatomical path from the hypothalamic region to
the grafted pitwitary tissue

In order to test this hypothests Harnis and Jacobsohn (1950
1952) made the following experiments Adult hypophysectom
1zed female rats were grafted with piturtary tissue taken from
their own pew born young (1-10 days old) since such new born
tissue had been found to grve good takes 1n a previous mvestiga
tion (Westman and Jacobsohn rg40) The maternal rats were
first hypophysectomized by the parapharyngeal route and then
1n a one stage operation the pituitary tissue was mnserted by a
temporal approach etther m the subarachnoid space under the
cut pituitary stalk or a few mullimetres laterally under the tem
poral lobe of the bramn  The advantage of placing the grafts in
the subarachnoid space under the cut prtwitary stalk 1nstead of
1n the sella turcica 1s that the grafts are tn 2 position where they
may become revascularized by the hypophysml portal vessels
but 1n a position also that enables the completeness of hypophy
sectomy to be vertited by sersally sectioning the prturtary capsule
These animals were 1llowed to survive for periods varymg from
1 to 8 months and 1t was observed that all twehe ammals with
grafts placed under the prtwitary stalk regained a normal oestrous
rhythm On placing with normal males s1x became pregnant
and delnvered Ining young after .2-23 days pregnancy Milk
secretion mn these amimals also appeared normal though the
milk ejection reflex was mnterrupted through lack ot functioning
posterior pitwitary tissue However replacement therapy (sub
cutaneous mjection of oxytocin three trmes daily) enabled one
of the grafted ammals to rear her young After death 1t was



Fig 28

Microphotograpt s of sagittal sections through the hypothalamus piturtary
graft and base of skull of a rat X 50

Fig 27 shows an unstaed ection 100 41 th ck Note the vascular connections
passing trom the pnmarny plexus (P P) of the hypophysial portal vessels to the
graft (A L) Indian ok mjected spec men

Fig 28 An adjacent section through the same spectmen as illustrated 1n
Fg 27 To show the graft cons sting of antenor lobe t ssue (4 L)
primary plexus 10 p thick Haematoxy) n eos n

(FromHarns G W & Jacobsohn Doral1gs2) Proc Roy Soc B 139 263 )
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mtsal hypophysectomy by serally sectioning the sella turcica
This experiment does not seem to have been repeated in detail
although Cutuly (1941) found sellar grafts were more active 1n
giving partial mamtenance of the adrenal glands than intraocular
transplants In the fifteen years succeeding Greep s observations
evidence accumulated that the functional actrvity of the anterior
pituitary gland 1s dependent on 1ts blood supply via the hypo
phystal portal vessels If anterior pituttary activity and ats neural
regulation 1s dependent on these vessels {and not on a direct
nerve supply or on humoral stimuli arrrving via the general sys
temic crrculation) then one possible explanation of Greeps
results scems to be that the portal vessels regencrated and re
established the anatomical path from the hypothalamic region to
the grafted prturtary tissu

1In order to test this hypothesis Harnis and Jacobsohn (rg50
1952) made the following experiments Adult hypophysectom
1zed female rats were grafted with pitwitary tissue taken from
their own new born young (1-ro days old) since such new born
tissue had been found to give good takes in a previous investiga
tion (Westman and Jacobsohn 1940) The maternal rats were
first hypophy d by the parapharyngeal route and then
mn a one stage operation the pituitary tissue was mserted by a
temporal approach either in the subarachnoid space under the
cut pitustary stalk or a few millimetres laterally under the tem
poral lobe of the brain  The advantage of placing the grafts in
the subarachnoid space under the cut pitustary stalk, instead of
1n the sefla turcica 1s that the grafts are 1n a position where they
may become revascularized by the hypophystal portal vessels
but 1n a posttion also that enables the completeness of hypophy
sectomy to be venfied by senally sectioning the pinuitary capsule
These animals were allowed to sursive for perjods varymg from
1 to 8 months and 1t was obsersed that all twelve animals with
grafts placed under the prtwitary stalk regained a normal oestrous
rhythm On placing with normal males six became pregnant
and delvered hving young after 22~23 days pregnancy Milk
secretion 1n these amumals also appeared normal though the
mlk ejection reflex was interrupted through lack of tunctioning
posterior pituitary tissue  However replacement therapy (sub
cutaneous 1njection of oxytocin three times daily) enabled one
of the grafted amimals to rear her young After death 1t was
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atrophy had occurred 1n the adrenal glands but 1n a few cases
this did not appear quite so marhed as in the hypophysectomized
rats without grafts Microscopic examination of the temporal
lobe grafts demonstrated the survival of as much pituitary tissue
which was as well vasculanized (I'igs 29 30) as 1n the case of
pitwitary stalk grafts

These experiments then afforded study of two series of hypo
physectomized adult female rats bearing grafts of pituitary tissue
obtaned from their own young In both groups the grafts were
placed m the subarachnoid space and in both the anterior
pituitary tissue took well and became well vasculanzed by cere
bral vessels In one group the vessels of supply were mamly
derived from the hypophysal portal vessels and 1n most of these
ammals anterior pitwitary function so far as 1t was observed
(gonadotrophic adrenocorticotrophic thyrotrophic and lacto
gemc) was normal whlst mn the other group the vessels of supply
to the grafts came from the blood vessels of the temporal lobe of
the brain and there was very little 1f any antenior prtuitary
function to be discerned It 1s difficult to escape from the con
clusion that the hypophysial portal blood supply has some
speaific effect 1n activating anterior pituitary tissue  Other poss
1ble explanations of these results such as the existence of hypo
thalamic secreto motor nerve fibres remnnervating the grafts are
extremely unlikely—since fibres of this type cannot be found 1n
normal glands and would almost certatnly not regenerate after
section if they were present [Such nerve fibres would come into
the category of fibres belonging to the central nervous system
and 1t 1s well known that these fibres in mammals have very httle
power of regeneration It has been shown that the nerve fibres
of the pituitary stalk do not regenerate after section (Fisher
Ingram and Ranson 1938 Magoun Fisher and Ranson 1939)]
‘The results are best explamned on the view that nerve fibres of the
hypothalamus liberate some humoral substance 1nto the primary
plexus of the hypophysial portal vessels and that these vessels
transmut the sub. to the adenchypophysis where 1t exerts
an activating effect on the gland cells  This theory would explain
why such glands as the gonads thyroid and adrenal cortex
which receive their stimulus to normal activity (pitustary trophic
hormones) via the general systemic circulation may be trans

planted to distant sites in the body and stll remain functionally
c
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found that these animals possessed ovaries reproductive tracts
adrenals and thyroids that were indistinguishable from those of
normal control animals Serial sections through the grafts and
surrounding structures demonstrated that the graftcd tissue had
acquired rich vascular connections with the hypophysial portal
vessels 1n the median eminence (Figs 27 and 28) and that the

Fig 29 Fig 30
Microphotographs of sections through a pituitary graft placed under the
temporal lobe of the bran of a rat
Fig 29 To show vasculanty of the graft Induan ik mjected specimen
100 ¢ thich unstained X so
Fig 30 Adjacent section through the same specimen 83 illustrated n Fig 29
showing that the graft consists ot well mamntamed pitwtary tissue 1o p thick

section hzemotoxylin eosin X 105
(FromHarnis C W % Jacobsohn Dora (1952) Proc Rov Sec B 139 263)

anterior lobes of the grafts contained well differentiated cells of
all types though the neural lobes were atropmc  The rats in
which pitwitary tissue was placed under the temporal lobe of the
bramn gave results which were strkingly different Oestrus was
not observed 1n any of these animals and at post mortem the
ovartes reproductive tract and thyroids were found to be as
ateophuc as those of hypophysectomized control rats Stmilar
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activity 18 net due to any minmsic property of the tissue stself
but to same outsde drive or sumulus derved probably from
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active whereas the anterior pitustary which normally 1s actrvated
by 1ts own local portal blood supply becomes nactive if trans
planted to a distant site It 1s also tempting to speculate on the
freq) 'y with which g tumours of the testis ovary
thyrotd and adrenal cortex are observed clinically and the ranty
of secondary metastases from tumours of the antersor pitmtary
gland (see king 1951)

The expeniments on grafting piturtary tissue under the prturt
ary stalk (Harnis and Jacobsohn 1952) also furmshed some data
of more general interest n prtwitary phystology

1 The role played by the posterior prtustary gland in the
process of milk ejection from the maternal mammary gland to
suckling young—this 1s discussed 1n more detail 1n Chapter 10

2 The lack of sexual differentiation of antertor prtutary tissue
In some further experiments the anterior pitwitary of adult male
rats were placed under the pituitary stalk of hypophysectomized
female rats This male pituitary tissue was observed to sup
port normal oestrous cycles and pregnancy 1n the female hosts
mdicating the secretion of F S H and L H after the female pat
tern  Now ovarian tissue transplanted into castrate male rats has
been found by most workers to develop ripe follicles which do
not undergo ovulation or lutermization and this has been taken
to indicate a lack of L H secretion by the male prturtary gland
Thus 1t would appear that the secretory pattern of anterror
pituitaty tissue 1s dependent on some extrinsic sttimulus This
conclusion 1s also supported by

3 The maturation of anterior prturtary tissue  The twelve
post parturient rats 1n which grafts of pitwitary tissue from
thetr own young were placed under the pituttary stalk showed
the recurrence of normal regular oestrous cycles at a time when
their litters would have been 12—43 days old This demonstrates
that 1mmature pituttary tissue grafted into adult hosts shows
hastened development, and 1n correlation with the fact that im
mature ovarses grafted into adult hosts also show hastened
development, indicates that the onset of pitustary gonadotrophic
ovanan activity at puberty depends on some factor other than
maturition of pitwitary and ovanan tissues  This factor 1s poss
1bly a stimulus emanating from the hypothalamus It may be
argued from the results of these experiments that anterior pitu
stary tissue 18 plastic 1n pature and that its pattern of secretory
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activity 1s not due to any intrinsic property of the tissue tself
but to some outside drive or stumulus derived probably from
the central nervous system
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CHAPTER 4

REGULATION OF GONADOTROPHIC SECRETION
FROM THE ANTERIOR PITUITARY GLAND

The overall view of the mechamsm to be dealt with m this
chapter 15 shown dtagrammatically in Fig 31 Changes in the
external environment and psychological upsets may influence
sexual processes and 1t 1s very likely that this 15 brought about
via the central nervous system tnfluencing the secretton of gona
dotrophic hormones from the anterior prtustary gland  As 1s welt
known the gonadotrophic hormones regulate the actmity of the
gonads (ovaries and testes) but do not have any direct mfluence
on the accessory sexual organs (uterus vagma, seminal vesicles
or prostate) with the possible exception of the mammary gland
The gonadal hormones n turn regulate the accessory sexual
organs These latter hormones by reacting back on the central
nervous system {and possibly on the pituitary gland) via the
general systemic circulatton form a type of feedback mechan
1sm which adjusts the ammal s behaviour to conform with the
hormone balance of the different phases of the sexual cycle and
also adjusts to some extent the anterior prtunary output of
gonadotrophins

EvIDENCE FOR NEURAL CONTROL OF GONADOTROPHIC
SECRETION

Dr F H A Marshall of Cambridge was one of the first to
emphasize the close correlation between the external environ
ment and reproductive processes  He drew attention to the fact
that a variety of environmental factors such as food light tem
perature presence of a mate and so on are of importance in
conditiontng sexual periocictty It 1s hkely that the intrinsic
sexual thythm of many mammals 1s adjusted to external seasonal
changes by such exteroceptive factors as Marshall termed
them For a detailed discusston of the part played by exterocep
tive factors In reproduction the reviews of Marshall (1936 1932
1955) should be consulted

The mayortty of anumals hmcba mor¢ or Jess definite scason or

o
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seasons of the year dunng which they breed Insectivores carnt
vores rodents and non rumnating ungulates tend ta breed
the spring 1n both northern and southern hemispheres  Rumun
ating ungulates on the other hand tend to breed in the autumn
If the environmental conditions under which an anmmal lives are
reversed 1e by transference across the I quator the time of the
breeding season may also be reversed (Marshall 1937) This
changeover 1n breedmg season has been observed in birds

External
enviranment

Pt Hypothalamus
Sind
s

Hypophystal
portal vessels

> T Anterior
ptuitary
Gonadotrophic
hormone

O Gonad

Ganadal
sterord
hormone

feed
back

Accessory
rep oductive
© gans

Fg 31 To illustrate the selat onsh ps between the external ensironment
and the reproduct ve organs
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1 and aother Is transported from the southern to
the northern hemisphere and vice versa

Domesticity appears to confer some release of the breeding
season from the seasons of the year The domestic bitch has
usually two oestrous cycles 1n a year each one of six months
duration These cycles occur rhyth tly though independently
of the seasons as opposed to those of the fox wolf or jackal
which occur only in the spring  Simularly the domestic cat may
have two or three breeding seasons 1n the year whilst the wild cat
confines 1ts season to the spring  Also the domestic rabbt if
well cared for may breed at any time of the year whilst ats wild
counterpart breeds from February to May with a possible second
season 1n the autumn Marshall remarks that this effect of
domestication 1s perhaps partly the result of aruficral selection
but warmth good nutrition and comparatrvely uniform cond
tons are probably contributory causes Uniformuty of the ex
ternal environment as in some parts of the tropics where the
climate and general conditions are fairly constant may also lead
to breeding at any time of the year

The precise environmental factors which determine the
breeding season appear to vary from species to species  Tood
temperature humidity light the presence of eggs or young the
presence of a compamon or mate (apart from any ensuing preg
nancy) and psychological changes dependent on the environment
may all affect the sex rhythm n different forms The manner in
which such factors produce their effects on the reproductrve
system has been summarized by Marshall (1942) as follows

1t would appear certan that many external factors which

regulate the cycle act through the intermedration of the central
nervous system upon the anterior pitwtary this gland playing
the part of a liaison organ between the nervous system which 1s
affected by stimulr from without and the endocrine system
Some of these factors and evidence relating to the manner in
which they produce their effects will now be discussed

Food

It has been known since the time of Anstotle that when food
1s abundant and other factors are favourable sheep may breed
twice a year The process of flushing sheep consists of supply
1ng them with extra food which 1s thought to hasten forward the
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sexual season and to increase the crop of lambs  Undernutrition
if severe enough to cause marhed weight loss may cause dis
turbance of the oestrous and menstrual cycles Inanition during
war 1s often blamed for the amenorrhoea and menstrual 1rregu

lanties that are seen at such a time but Bass (1947) who reported
that amenorrhoea occurred 1n 54 per cent of women 1n a concen

tration camp stated that the loss of cycles occurred within four
weeks of the beginning of internment which makes 1t unlikely
that nutritional factors were invohed  Stromk (1947) reported
similar cases during the occupation of Holland and concluded
that the main cause was psychic Amenorrhoea s common 1n
the disease anorevia nervosa and 1s regarded by some climicians
as a necessary concomitant for the diagnosis to be made The
probable sequence of events 1s that some psychological disturb

ance results n reduced appetite and food intake which i turn
depresses antenior pitustary function Many investigations have
been made on the effects of general inamtion and speaific (vita-
min) deficiencies on the oestrous cycle There 1s often httle
evidence however as to how the effects are produced That 1n

anition may act peripherally 1s shown by the findings of Gold

smth and Nigrelli (1g50) that lack of food renders the accessory
gental organs of mice less sensitive to the steroid hormones

though the work of Nelson Lyons and Evans (19,3) indicates
that vitamin deficient diets may result in dysfunction of both the
pituttary and ovary The effects of underfeeding on rats 1s of
interest 1n that malnutnition 11 this ammal may produce a con

dition similar to that following hypophysectomy and therefore
termed  pseudohypophysectomy (Mulinos and Pomerantz

1940 1941a 19414) Rinaldint (1950) found however that the
vanous organs of the rat undergo different degrees of atrophy
dunng starvation or hypophysectomy and has also noted (Rinal

dint 1949 Pearse and Rinaldimi 19,0) that after a penod of
nanition the gonadotrophic content of the pitmtary 1s about
three times that of the pitwitary of the normal rat  Starvation in
thts antmal then would appear to increase the rate of formation
of gonadotrophin or depress the liberation of this hormone into
the blood Under such arcumstances the latter hypothesis
would appear more likely It 15 of interest mn this connection that
the effect of an inadequate diet on the reproductnie capacity of
the rat may be compensated by extra lighting or conversely
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that rats may breed as efficently under conditions of shortened
dlumination provided that the diet is adequate (Alexander and
Frazer 19,2) Since there 1s good evidence that light affects the
reproductive system via the mediation of the central nervous
system and the prturtary gland this observation raises the posst
bility that the effects of some dietary varations act at the same
level Further evidence for this view 1s the fact that the ovanan
atrophy which follows starvation 1n female rats may be prevented
by administration of threshold doses of anterior piturtary extract
or pregnant mare s serum (Werner 1939)

An excellent review has recently appeated dealing with the
relation of nutnition to endocrne reproductive functtons (Meites
1953) The concluston 1s drawn that the only type of mal
nutrition which has conclusnely been proven to impair the
secretion of gonadotrophic hormones by the prtuitary 1s under
feeding or any state leading to inamtion, ncluding inadequacies
of B vitamins

Temperature

The temperature and hunudity of the environment seem to
play a part 1n determimng the sexual cycle in some forms Many
araphibtans will only breed if the temperature s above a certam
level and then only after ram (Bragg 1940) In birds and mam
mals also there 1s evidence that the external temperature affects
gonadal function For example Lamoreux (1943) found that
although vartations 1n hight had lttle effect upon comb growth
1 cocherels a low environmental temperature effectively n
habited such growth The sex rhythm of the field mouse hedge
hog rat, ground squirrel and other mammals appears sensitive
to changes 1n temperature It 1s of nterest that 2 low environ
mental temperature may affect gonadal activity 1n these forms in
different ways The female rat has been found to exhibit
fengthened cestrous cycles when mawmntamed at a low tempera-
ture {Lee 1926 Bohanan 1939) and this probably indicates a
state of lowered gonadal actiity whereas Wells and Zalesky
(1940} found that the normally Iimited persod of testicular act:
vity m the male ground squurrel could be greatly extended by
keeping the anumals tn a2 constant low temperature
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Laght

The pnncipal sttmulus relating reproductive rhythm to the
environmental seasons appears to be hight Rowan in 1926 was
the first to d rate that extra 1ll during the hours
of darkness would result in active gonads in the migratory junco
finch By experniments carried out 1n the open in Alberta during
winter where the temperature may fall to —so F he found 1t
posstble by giving extra illumination to cause enfargement of
the sex glands with sperm production at this time of the year
instead of at the usual breeding season 1n Apnl or May This
work was extended to mammals by Baler and Ranson {1932)
who worked on the field mouse and by Bissonnette (1932) who
studied ferrets Since that time observations made under both
natural and experimental conditions have demonstrated that
vanations 1n light form a potent sttmulus to breeding pheno
mena tn many types of vertebrates Amongst the common mam
mals the reproductive rhythm of the mouse rat ferret hedge-
hog cotton tailed rabbit cat raccoon mink goat sheep and
others 1s sensitive to changes 1n hght exposure whilst that of
the adult cotton rat squirrel guinea pig and rabbat 1s not

The manner 1n which hght affects the sexual processes 1s not
clear The wavelength or intensity of the light the duration of
daily exposure to light the day to day change and rate of change
of these factors have all been considered (Hammond 1951)
Some of these factors have been imestigated 1n the ferret This
animal 13 well suited for such experiments since 1t has a well
marked breeding season extending from about the middle of
March to July or August and since the oestrous state 1n the
ferret can be easily recogmzed on account of the vulval swelling
Marshall and Bowden (1934) investigated the effect of irradiation
with hight of different wavelengths on the oestrous cycle of the
ferret They found that the recurrence of cestrus n the female
ferret 1n winter 1s greatly ! d by extra1ll 1on with
lights of wavelengths varymg from A 6500 to A 3650 (red radia
tion to near ultra violet) Over this range intensity appears to be
more important than wavelength Marshall (1940) also showed
that if female ferrets were subjected to different degrees of n
tensity of light mrradiation the acceleration of the oestrous cycle
was 1n general correlated with the degree of intensity There
were however exceptions to this Female ferrets subjected to
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ultra violet irradiation usually remained on heat much later n
the year than those submitted to visible irradiation  An action
of darkness as well as Iight 1s suggested by the work of Ham
mond (1951) who found that ferrets exposed to 14 hours constant
light daily came 1nto ocestrus sooner than those exposed to 24
hours hght daily The latter group were 1n fact httle ahead of
what would have been expected 1n dayhght The studies of Hart
(1951) 1n the ferret also indicate that the total daily quantity of
light 1s not the controlling factor in accelerating oestrus during
the winter months but that a long light short dark ratio each
day produces the maximum acceleration It would seem that to
1nduce an oestrous state 1n female ferrets 1n winter extra hght 1s
essential but not to the exclusion of darhness A hght dark
sequence 1s of importance In the ferret the proportion of light
to darkness required to accelerate oestrus 1s of the order of two
parts or more of light to one part darkness in each 24 hours
The ferret may therefore be referred to as a long day breeding
animal 1n contrast to the sheep which normally breeds from
early October to late March (Hammond 1944) and 1s therefore a
short day breeding amimal Yeates (1949) showed that sheep
could be brought 1nto oestrus if subjected to a gradually decreas
g duration of light each day and Hart (1950) demonstrated
that the light dark ratio required to accelerate oestrus i1n the
sheep was the reverse of that in the ferret that 1s one part of
hght to two parts or more of dark
It 1s fairly certamn that the effect of light on the reproductive
organs 1s mediated via the eyes and the antenor prtuitary gland
Hypophysectomized ferrets do not respond to extra illumination
(Hill and Parkes 1933) and those in which the optic nerves have
been severed show ether an absence of oestrous cycles or cycles
freed from ! or photic nfl (B: te 1938,
Clark Mcheown and Zuckerman 1939) Thomson (1951) 1n
vestigated the components of the optic nerve concerned 1n the
oestrous response of the ferret to extra hight After studying
ferrets i which the optic nerve fibres only had been cut or ;m
which the central artery to the retina and the long and short
ciliary vessels and nerves had been cut or in which all these
structures had been sectioned he concluded that the gonadal
response to added light depends on the integnity of the ganglion
cell layer of the retna In a more extensive report on the effect
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of extra hight on bhinded ferrets Thomson (1954) 18 10 agree
ment with previous worhers but hns expenimental data are un
satisfactory owing to the techmques employed to blind the
ammals ‘The three methods used were (1) section of the optic
nerve fibres mside the sheath of the optic nerve (n) mudhne
saguttal section through the opue chiasma and () masion be
tween the posterior margin of the optic chiasma and the anterior
himt of the hypothal From the neur of the visual
pathway there 1s no reason to heheve that animals subjected to
the latter two procedures at least would be blind and since
post mortem examinapon of the brains of these animals was not
reported this work 1s unconvinang  The more central connee
nons of the optic path underlying this phenomenon in the ferret
were studied by Clark Mcheown and Zuckerman (1939) These
workers made Jesions 0 or extirpated \arious parts of the bramn
and found that the normal response to visual stimalation oceurs
1m the absence of the supenor colicul when all retinal impulses
to any part of the mudbrun had been intersupted, and when
retinal 1mpulses to the dorsal nucleus of the lateral geniculate
body and the visual cortex had been completely interrupted The
conclusion was suggested that the visual response depends on
ympulses passing exther to the ventral nucleus of the lateral gem
culate body or to the subthalamus by way of the accessory optic
tracts However the bramns of these atumals were later studied
by Jefferson (1940) who could find no evidence of accessory
optic tracts ot of optic connections with the ventral nucleus of
the lateral gemeulate body n the ferret Trom time to ume
reports appear describing optic fibres terminating 1n the hypo
thalamus  Tor example Frey (1951) has described a hypo
thalamic optic oot 1n the dog and other forms but such an
account requires (onfirmation m the ferret At the moment 1t
seems hhely that hight act wia optic nerve fibres which transmt
a stimulus 1 some way to the hypothalamus and the pituitary
gland but the details of this path are stil doubtful

The presence of eggs, youny, a compamon of the same
sex or a stetile mate

In many burds the imtial stages of seasonal sexual activity

seem to be dependent nat anlv on light but on external strmul

recewved from other members of the commumty Most workers
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believe that the presence of large numbers of birds 1n a flock has
a smulating effect upon the individual members  Darling (1938)
suggests that the visual and auditory display of the other mem
bers of a flock may be indispensable to the reproductive activity
of individual birds The sex display of many birds probably
affords another example of mutual stmulation  Marshall (1936,
1942) has proposed the view that the chief function of visual
stmuli 1n the form of sex display and courtship phenomena
among various classes of animals 1s to promote an effective syn
chromzation of the male and femnale sexual processes He sug
gested that this synchronization 1s maly effected by pitustary
stimulation through the intermediatron of the hypothalamus
It 15 well known that for any one spectes of bird the number of
eggs 1n a clutch 1s generally constant within narrow hmits The
bird tends to lay a defimte number of eggs and then brood over
them If eggs are removed one or two at a ime as they are lad
the bird may continue to lay almost indefinitely For example
Davie 1n 188¢ tnduced a flicker to lay 71 eggs 1n 73 days in this
way, and Witschi (1935) by removing eggs daily from the house
sparrow 1nduced the bird to lay up to 50 eggs 1 succession (see
Marshall 1936) Since the interval between ovulation and the
laying of the egg appears to be about a day the repetition of
ovulation 1n these cases seems to be due to some exteroceptive
stimulus though whether the stimulus acts through the eye or
through tactile receptors on the ventral body surface 1s unknown
In most birds and some mammals the occurrence of ovulation
m the breeding season 1s dependent on some stimulus recerved
from the male This phenomenon has been studied 1n the pigeon
by Matthews (1939) He found that the 1solated female pigeon
did not ovulate though if the bird was confined with or in view
of a male another female or a mirror then ovulation and ovipost
tion would occur This latter observation 1s of interest in that
the reflected 1mage from the mirror must have acted as a stimulus
through the optic pathway but 1n ths case the stimulus would
seem to be a visual pattern rather than quantity of light Among
the mammals the rabbit ferret cat ground squirrel short tailed
shrew and mink require some stimulus normally supplied by
coitus, for ovulation to occur Ths fact was first reported for
the rabbit by Heape (rgos) Much early work excluded such
factors as absorption of semen by the female tract or a nervous
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reflex acting on the ovarits from playing a part  The evidence
strongly suggests that post coital ovulation 1s dependent on
reflex excitation of the anterior pituitary by the act of cortus
with resultant discharge of gonadotrophic hormone A similar
mechanism 1s probably involved in the development of pseudo
pregnancy 1n the rat following stenle coitus  In this form ovula-
tion occurs spontaneously, but the corpora lutea so formed do
not become functionally active unless coitus has occurred
Occasionally rats may show failure of ovulation and enter a
state of persistent oestrus  Everett (1939 1940) has studied a
strain of rats in wWhich this abnormahity was common and found
that when a female rat 1n persistent oestrus accepts coitus with
the male ovulation and the recurrence of cycles may follow
The nervous pathway mvolved in reflex excitation of the
puswitary 1s not clear  Since h 1 or electrical stimul
of the vulva vagina or uterine cervix may result 1n ovulation in
the rabbit or a pseudopregnancy response i the rat 2t seems
hhely that the sensory receptors lie mainly 1n this area but the
fact that local anaesthesta of the vulva and vagina does not pre
vent ovulation after coitus (Fee and Parkes 1930) indicates that
other receptors play an important part The work of Brooks
(1937) who showed that remonal of the olfactory labes and neo
cortex or destruction of the labyrinths and cochleae in the
female rabbit does not prevent matng and subsequent ovulation
also 1ndicates that the stage of sexual excitement necessary to
cause secretion of pitustary gonadotrophins may be produced by
stimuli from a variety of sensory end organs It 1s probable that
afferent nerve wnpulses from the reproductive tract however
exert an important tnfluence on the time of ovulation 1n many
forms For example 1n two rhythmically ovulating forms the
sheep and the fowl mechamical irntation of the reproductive
tract may markedly affect the cycle of events Moore and Nal
bandov (1953) found that mechanical distension of the uterme
cornu of the ewe shortened the oestrous cycle from an average of
16 3 days to 11 9 days The maintenance of normal cycles (16 1
days) 1n ewes following distenston of a denervated segment of
the uterus ind d that this ph 18 drated over
nervous pathways In the fowl about 25 hours elapse between
ovulation and the laying of the fimshed egg and in hens laying
daily ovulation occurs 30-60 minutes after oviposttion  Qvula
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tion does not usually occur while there 15 an egg 1n any part of
the oviduct Huston and Nalbandov (1953) observed that the
presence of an mrntant such as a loop of thread 1 the magnum
part of the oviduct completely suppressed ovulation in the great
majority of birds F'rom their evidence these workers suggest
that the presence of the thread neurogenteally inhibsts the peak
fevels of L H secretion necessary for ovulation and think that
this mechanism i< of physiological importance m serving the hen
as a timing device which prevents ovulation while a yolk (an
1rntant) ts passtng, through the oviduct

There 1s much evidence which will be discussed below that
reflex paths irom many sensory receptors converge tn the hypo
thalamic region and excite the anterior prtuitary gland by a path
through the hypophysial stalk

Clinical data

There are so many reports describing changes 1n the menstrual
cycle assocrated with emottonal upsets that there can be lttle
doubt of their overall validity Theobald 1n 1936 summarized
the position at that time and discussed the fact that the men
strual cycle may be influenced by hypnosis as well as by psycho
Jogical factors due to change of chmate, change of occupation
shocks and excitements of all kinds  Many other accounts could
be quoted such as that of Fuerstner (1944) who described the
amenorrhoea produced by fear of pregnancy in unmarrned grrls
and Bear {1943) who suggested excessive desire for a chuld may
contribute to sterihity In this latter connection Bear mentions the
possibihity that adoption of a child removes the psychological
factor mnvolved which could explan the frequently described
occurrence of pregnancy following adoption Loeser (1943) ob
served several cases of amenorrhoea following bombardment
duning the last war  Following the missed period in these women
preces of endometrium were removed and exammation of this
tissue was said to show that the uterine cycle had ceased at the
tume of the fright

The most likely hypothesis to account for the fact that extero
ceptive and psychologcal factors d and modify the
breeding oestrous and menstrual cycles of <o many forms 1s that
the central nervous system controls the secretion of gonado
trophic hormone from the pituitary gland  An alternative view
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that the nervous system regulates the gonads by a secreto motor
nerve supply finds little support  The gonads certainly receive
nerve fibres but 1t 1s hikely that these are vasomotor and sensory
1n nature only (huntz 1919 and 1929 kuntz and Mornis 1946

Gray 1947 hoppen 1951) The view of most workers 1s that
the greater number of nerve fibres to the gonads accompany and
mnervate the blood vessels Some nerve filaments end 1n the
tunica albugmea and vasculosa of the testis or fibromuscular
tissue of the ovary but 1t 1s doubtful if any fibres end on the
serminiferous or interstitial cells of the testis or the follicular or
interstittal cells of the ovary Experimental data support these
conclusions regarding the lack of a secreto motor innervation to
the gonads for as mentioned 1n Chapter 3 transplanted ovanes
martntain normal oestrous cycles Further exteroceptive simuli

such as coitus mn the rabbit can still produce gvanian responses
m the transplanted argan {Friedman 192g) There can be hittle
doubt then that exteroceptive factors affect the ovary through
the intermedration of the pituitary gland

THE HyPOTHALAMUS AND GONADOTROPHIC SECRETION

Stnce the anterior pitwitary gland of the embryo (Rathkes
pouch) migrates from the roof of the mouth to become at ached
to the floor of the third ventricle 1t would seem likely on teleo
logical g ds that the hypothal 1s the part of the central
nervous system most directly concerned with the regulation of
antenior pituitary activaty  Such a relationship has been invest
gated by expeniments in which the hypothalamus has been
electrically or pharmacologically stimulated and 1n which lesions
have been placed 1n various parts of the hypothalamus or n the
pituitary stalk

Electrical sttmulation of the hypothalamus

Stmulation of the hypothalamus with observation of any
resultant increase i gonadotrophic secretion 1s a difficult pro
cedure owing to the nature of reproductive phenomena The
slow rate of onset of puberty and reproductive development at
the beginning of the breeding season  the relatively slow rhythm
of the oestrous cycle and the slow maturation of follicles and
corpora lutea makes 1t seem unlikely that short lived stimulation
of the hypothalamus would produce an observable ovaran reac
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tion  One of the fastest ovatian responses known 1s that of ovula

tion 1n the rabbit (and simular forms) which normally occurs g-11
hours after the act of cortus Fee and Parkes (1929) showed that
if the piturtary gland 1s removed from a rabbit within one hour
of coitus the subsequent ovulation 1s prevented but hypophy

sectomy later than this 1s followed by ovulation It appears that
the nervous sttmulus of mating reflexly excites the discharge of
gonadotrophin, and that suffictent gonadotrophin has been re

leased 1nto the blood stream within one hour to cause rupture of
the graafian follicles some g hours later This quick response on
the part of the rabbit s pitustary and ovary has been much used
1 studies concerning gonadotrophic secretion

Fig 32 Cystc follicles 1n the ovaries of rabbits consequent upon electrical
stimulation of the hypothalamus

€ cysuc folliless CH  cystic follicles becorming haemorrhagic #
haemorrhagic follicles X

(From Harns G W (1937) Proc Roy Soc B 122 379)

The basic experiment dealing with nervous stmulation and
gonadotrophic release in the rabbit was made by Marshall and
Verney (1936) when they showed that diffuse electrical stimult
applied to the head or the lumbar spinal cord of rabbts resulted
in ovulation and pseudopregnancy 1n a large proportion of
ammals Similar results were then obtatned 1n rats (Harns 1936)
m which functionally active corpora lutea and a state of pseudo
pregnancy were induced by diffuse electrical sumult apphed to
the head These results seemed to indicate that exaitation of
some neural structure had occurred and that this m turn had
stimulated the anterior pituitary In an attempt to delimit this
neural structure more closely locahized electrical stimult were
applied to different regions of the hypothalamus and pitwitary
gland1n anaesthetized rabbuts (Harns, 1937) In this work 1t was
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faund that stimulation of the tuber cinereum postenior hypo
thalamus, or pitwitary gland directly might result n ovulation or
the formation of eystic or haemorrhagic folhcles {a resuly which
aften follows the injection of anterior prtuitary hke principles—
Fig, 32) These results were soon confirmed in the man by the
work of Hatenus and Derbyshire (1937) More recently two
independent researches have shown that electrical sumuli which
are ineffective 1n causing gonadotrophic discharge if apphed
directly to the prruttary gland ate fully effective 1 producing
this result af apphed to the tuber cinereum  Markee Sawyer and
Hollinshead (1946) working on rabbits anaesthetized with ether
stmulated the pitustary by a pharyngeal or temporal approach
and the hypothalamus through the superior orbital fissure They
found that electrieal stimulation of the pitmitary did not result
1 avulation unless there were signs of spread of the stimulus
whereas 1 of the hypothal at a lower voltage
resulted 1n ovulation 1n three out of four ammals Harns (1948)
found that remote control stimulation of the tuber cinereum 1
the unanaesthetized rabbit for as short a period as 3 minutes,
may be tollowed by a full ovulatory response whereas stmilar
stumult apphied to the antersor pituitary pars intermedia or 1n
fundibular stem for periods up to 71 hours were not followed by
any avanian response It 1s Iikely that the earlier results quoted
above 1 which ovulation followed stunulation of the mitntary
gland directly were due to the complications induced by
anaesthesia
The remote control method of stimulation possesses many
ges and some disad: ges It allows the application of
electrical smulation without the use of anaesthessa and there
fore stmulation may be performed for prolonged penods It
permits i without operatnve trauma It
also makes possible the tepetition of an expersment several or
many vmes in the same antmal and thereby reduces the chances
that variable factors such as differences 1 the nutntional or
oestrous state of the ammal have influenced the result The
man disadvantage 1s the difficulty of controlling the shape of the
sumnlating pulse Since ctus technique has been found of much
value m studying the effects of hypothalamic stmulation on
pituitary function (see also Chapters 5 9 10 and 11) the
method will be briefly described
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In a preliminary operation a small flat coil of 2 oco turns of
enamelled copper wire 1s buried beneath the scalp but outside
the shull of a rabbit The mnner turn of the coil 1s soldered to a
glass 1nsulated platinum electrode carried on an ebomte bush
which 1s shaped and flanged to plug firmly 1nto a hollow screw
in the shull The outer turn of the coil 1s soldered to either a

Fig 33 > ray photograph of the head of a rabbit with the coil umt i site
The cotl unst was nserted on 2nd January 1941 and the X ray photograph

taken on 14th January 1944 <
(From Harnis G W (1947) Philos Trans B 232 385)

german silver plate or to four turns of unmsulated stamless steel
wire which act as the indifferent electrode Tig 33 shows an
 ray photograph of a rabbits head with such a coil umt 1n
position It may be noticed that the coil 1n lateral view appears
flat 1n shape that the sumulating clectrode passes downwards
through the midline structures of the bran so that the bare tip
1s situated 1n the hypothalamus and that the indifferent elec
trode 1s placed over the frontal bones The only part of the umt
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1n contact with intractamal tissue 15 the msulating glass capallary
tube and the bared 1 mm of platinum wire Neither of these

b causes any mcroscopically visible reaction n the
issues of the bran or pitmtary gland  After recovery from the
smnal operation stimulation may be performed by placing the
atumal s head 1n an electr field and 1nd a voltage

Fg 14 Microphotographs of honzontal sect ons through the pituitary gland
and skull base of a rabbit to show the track left by an implanted electrode

1n the regson of the insulated pa t of the electrode (5 the electrode track 1s
of gr ater d ameter than 1n the region of the bared tip (4) X 10

(Harris G W unpublished )

n the bunied coil  For short periods of stimulation this mav
comventently be performed by holding the animals head n
relationship to a primary (external) coil carrving a pulsating
current (Harns 1947) Tor longer persods of stimulation the
ammal mav be restrained 1n a hammoch and a2 prmary corl
suspended at a measured distance aver the amimal s head (Harns
1948} or alternatively the amimat inside 1ts usual cage may be
placed nside a large primary coil some 3 feet 1n diamater and
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large current pulses passed through this coil (de Groot and
Harnis 1950)  Using this technique rabbits have been stimu
lated for 3 hours daily for one week and for as long as 48 hours
continuously and have been kept alive without any detnmental
effects for periods up to 3 years VWhen the experiment 1s com
pleted the animal 1s Lilled and the vascular system perfused with
formalin with the electrode still sn st After sectioning the bran
the electrode trach 1s clearly visible as a circular hole 1n the brain
tissue the diameter of the hole being smaller 1n the region of the
uninsulated tip of the electrode (see Fig 34) This allows the
exact site of the sumulated tissue to be ascertained
The remote control method has been used by many worhers
for sttmulating different regions of the central nerious system
Two different methods have been used howeser, for inducing
the stimulating pulses from the external pnmary coil to the im
planted secondary coil (Fig 35) Fender (1941) Greig and
Ritchie (1944) Lafferty and Farrell (1949) and Hume (19,3) pass
a high frequency current (about 100-430 ke fsec) modulated at
a lower frequency (about 6o ¢ fsec) through the pnmary coil
The buried unit which in these cases consisted of a corl small
metal rectifier and condensers pichs up the high frequency
pulses but these are rectified so that the final shmulus to the
tissues 1s effectively that of square wave pulses at the modulating
frequency The method has the advantage that the necessary
voltage 1s easily induced into the implanted umt but has the
disadvantage that there 1s a greater nish of polanization and gas
formation at the electrode tip with consequent damage to nersous
nissue  The second method of mducing the stimulus (Louchs
1934 Chaffee and Light 1934 Clark and VWard 1937 and
Harnis 1947) 15 to pass relatively low frequency pulses through
the primary coil and to use the same frequency pulses mn the
dary coil for sumulation Viath this techmque the peak
current necessary 1n the primary coil 1s higher but there 1s less
nisk of chemical changes and damage occuring at the stimula
tion site smce ac instead of dc pulses are applied to the
tissues It 1s felt that this second method 1s safer espectally
when the electrode 1s situated 1n solid brain tissue rather than
on a surface of the brain One further factor of importance 1s the
limited spread of current when this method of induction 1s used
1n the unanacsthetized antmal On applying such stmulation
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with the electrode tip 1n the vicinity of the pituitary stalk 1t 15
possible to see elevation of the upper eyelid and rotatory move-
ments of the eyeball due to spread of the sumulus to the oculo
motor nerve With stronger simuli the vibrissae move the
Jaw muscles contract and movements of the ears nech muscles
and forehmb muscles occur due to spread of stimulus to the
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Fig 35 To llustrate the wave forms or effectine wave form in the prmary
couls or implanted units 1 the two methods of applying remote control
stimulation

medzal fibres of the internal capsule Stimuli strong enough to
elicit these latter reactions are only applied under anaesthesia
Unless the electrode 1s placed 1n close relationship to the optic
chiasma or tract or more dorsally 1n the hypothalamus near the
anterior thalamic nucler stimuli strong enough to cause marked
movements of the orbital structures may be applied without any
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large current pulses passed through this coil (de Groot and
Harnis 1950) Ustng this techmque, rabbits have been stimu
lated for 3 hours daily for one week, and for as long as 48 hours
continuously and have been kept altve without any detrimental
effects for pertods up to 3 years When the experment 1s com
pleted the ammal 1s killed and the vascular system perfused with
formalin with the electrode stll in stz After sectiontng the bramn
the electrode track 1s clearly visible as a circular hole 1n the bramn
tissue, the diameter of the hole being smaller 1n the region of the
uninsulated tip of the electrode (see Fig 34) This allows the
exact site of the stimulated tissue to be ascertamned

The remote control method has been used by many workers
for stimulating different regions of the central nervous system
Two different methods have been used however, for :nducing
the stimulating pulses from the external primary coil to the im
planted secondary coil (Fig 35) Fender (1941) Greig and
Rutchie (1944) Lafferty and Farrell (1949) and Hume (1953) pass
a hugh frequency current (about 100-430 he [sec ) modulated at
a lower frequency (about 6o ¢ fsec) through the primary coil
The buried unit which 1n these cases consisted of a corl small
metal rectifier and condensers picks up the high frequency
pulses but these are rectified so that the final sttmulus to the
tissues 1s effectrvely that of square wave pulses at the modulating
frequency The method has the advantage that the necessary
voltage 15 easily induced into the mmplanted umit but has the
disadvantage that there 1s a greater nsk of polarization and gas
formation at the electrode tip with consequent damage to nervous
tissue The second method of inducing the stimulus (Loucks
1934, Chaffee and Laght 1934 Clark and Ward, 1937 and
Harris 1947) 1s to pass relatively low frequency pulses through
the primary cail and to use the same frequency pulses mn the
secondary coil for stmulation With this techmque the peak
current necessary 1n the primary coil 1s higher but there 1s less
nsk of chemical changes and damage occurning at the stimula
tion site since ac stead of de pulses are applied to the
uissues It 15 felt that this second method 1s safer especially
when the eclectrode 1s situated 1n solid bran tissue rather than
on a surface of the bram One further factor of importance 1s the
Iimuted spread of current when this method of induction 13 used
in the unanaesthetized animal On applying such stimulation
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case nsufficient to cause observable discharge of follicle stimu
lating hormone  As far as 15 hnown no studies have been made
of the effect of hypothalarmc strmulation on the release of this
hormone probably because the response would be of a much
slower nature Such an mvestigation would be possible how
ever using the remote control method on an ammal which has
a definnte penod of seasonal anoestrus

Pharmacological activation of the hypothalamus

Several workers have investigated the effects of different
pharmacological agents njected intravenously in rabbits 1n pro
dueing gonadotrophic secretion and ovulation Fevold Hisaw
and Greep {1936) found that intravenous injection of copper
acetate 1n oestrous rabbuts resulted 1n ovulaton Marshall Ver
ney and Vogt (1939) noted that mtravenous injection of picro
toun 1 near convulsant producing or convulsant producing
doses resulted 1 ovulation or the production of cystic and
haemorrhagsc follicles 1n the ovanes of rabbits Simular injec
tions of strychnine HCl apomorphine HCl B tetrahydronaph
thylamine ergometrine carbaminoylcholine HCl and coria
myrtn had no effect Pilocarpine eserine acetyl choline and
adrenaline had been found meflectnve m this respect by Marshall
and Verney (1936) mn earlier work Intravenous myection of
cadmium salts but not of salts of bartum cobalt gold 1ron
manganese muckel silver or zinc (Emmens 1940) or intravenous
mjection of metrazol but not of strychmine msuhn benzednine
or ephednne (Brooks Beadenkopf and Bojar 1940) or ntra
venous injection of various plant juices (Bradbury 1944) have
also been found to resuit in ovulation  Some of these drugs have
been found to produce pseudopregnancy if injected 1nto gestrous
rats (Dury and Bradbury 1942) but since 1t has recently been
shown that a wide variety of injected substances will also result
10 the same reaction (Swingle Seay Perlmutt Collins Barlow
Junr and Fedor 1951) thus response does not seem to be of 2
very specific nature  Ininvestigating these reactions 1n the rabbit
most workers have used copper salts picrotoun or metrazol At
first 1t was thought possible that these substances produced folli-
cular rupture by potentiating or augmenting the action of the
endogenous gonadotrophin already i the circulation This now
seerns unlikely for 1t has been found that transection of the hypo
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sign of an emotional response on the part of the ammal At this
strength of stimulation the current spreads several millimetres to
affect the mychinated fibres of the oculomotor nerve which have
a low threshold of excitation but the effective spread for the un
myelinated fibres of the hypothalamus 1s not more than 3 mm
This latter fact has been clearly established by study of the
secretion of the antidiuretic hormone 1n ammals 1n which the
electrode tep 15 placed at varying distances from the supraoptico
hypophystal tract It 1s also noteworthy that although move
ments of the eyeball may be produced easily by such stimulation
1n this region changes 1n diameter of the pupil are not obsersed
indicating that the autonomuc fibres of the oculomotor nerve are
not excited at a current strength which affects the somatic fibres

Returning to the effect of electrical stimulation 1n causing
gonadotrophic secretion and ovulation the position seems to be
that sumulation of the tuber cinereum may produce this response
whlst stilar stimulation applied to the prtustary stalk or to the
pituttary gland directly 1s wneffective  For this reason, and on
the basis of the anatomical arrangements of the structures m
volved 1t 1s likely that the stimulus from the hypothalamus 1s
transmitted through the pituitary stalk but by structures that
are not exctable to electrical shmulation  The component of
the stalk which appears to fulfil these requirements 1s the hypo
physial portal vessels and from the above results 1t seems likely
that stimulation of the hypothalamus excites nerve fibres which
transmut the stimulus to the piturtary gland via these vessels of
the stalk  If the last Iink n the chain of events leading to gonade
trophic release 1s humorally mediated by the portal vessels 1t 1s
easy to understand why electrical sttmulation of the pituitary
stalk and gland does not evoke such secretion In this respect 1t
1s of interest that the denervated adrenal medulla 15 almost
excitable to direct electrical stimulation (Cannon and Rosen
blueth 1937)

Lattle work has been performed on other forms on the effect
of localized stimulation of the hypothalamus 1n causing secretion
of gonadotrophic hormone The basts of the ovulation response
1n the rabbit seems to be the secretion of lutemizing hormone
Stimulation of the tuber cinereum for short periods (1 hour) in
rabbits which were anoestrous did not provohe any ovaran
response but 1t 13 likely that the pertod of sumulation was many
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and other fessons wm the hypothatamus result i lack of deselop
ment of the sex glands (see Brooks rg40) Much more sigm
ficant however are the exp 1 find: shat hypothal
damage may result in disturbances of the cycke such as persistent
vestrus 1 2 normally cyche species and in the clincal finding
that hypothalamic may produce 2 state of pr
puberty Thas latter condttion 1s 2 more highly speaific response
than that of hypogonadism In rg4xr Wemberger and Grant
described such a case and reviewed seventeen others in the
hterature  The conclussons they reached were that pineal

may resultsn p puberty if they molve second
arly the postersor hvpothalamic region and that small hughly
Iocalized of the hypothal m the region of the tuber

cmereum of mammillary bodies may result w pubertas praecox
by damaging structures which normally whibnt the release of
pitwitary gonadotrophsn It 5s of interest that some of the young
chuldren they deseribed showed behavioural changes as well as
an endocrine condition typical of the adult  Bauer (r954) has
recently brought the Literature on this subject up to date 1 2
survey of rwenty four cases of precotigus puberty due to a
hypothalamic lesion  In all cases the presence of a normal
prtustary gland was desenbed

Hypothalamic Jestons may affect reproductne phenomena in
twoways Firstly the lesson may damage some nervous structure
necessary for integrating the patterns of behaviour mvolved n
oestrus manng or matesnal activaties  In other words an ammal
may show the endocrine changes typical of cestrus but refuse to
mate smce the reflex arcs snvobyved v mating behaviour are
broken or mncoordinated  Studies of this type are usually made
on ponadectomized ammals under controlled hormonat ad

and are d d furthesr n Chapter 12 The

second way in which hypothalanmc lestons may affect reproduc
tive phenomena 1s by damage to the nervous structures which
regulate the rclease of gonadotrophins  In the mntact animal
these two activities of the hypothalamus are probably closely
wterrelated

Dey and his co worhers i a sertes of papers (see Dey 1943}
have described the effects of hypothalarme lestans on the repre
ductive organs of guinea pigs  In a large group of female guinea
pigs they found that anumals with lesions destroying the major
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physial stalk before or shortly after the injection of copper acet

ate picrotoxin or metrazol inhibits the usual ovulatory response
(Brooks Beadenhopf and Bojar 1940) and also that copper
acetate injected nto the third ventricle of the bram 1n one two-
hundredth the amount required intravenously 1s effective m a
high proportion of rabbuits (Harns 1941) It therefore seems
that these substances act by sttmulating some nervous mechan

1sm probably in the hypothalamus which 1n turn stimulates the
anterior pituitary gland Recently however, Sawyer and Markee
(1950) have produced evidence which they belteve indicates that
picrotoxin acts on some neural structure, but that copper acetate
acts directly on pitwitary cells These workers found that rabbats
previously treated with dibenamine or atropine failed to ovulate
if treated with picrotoxin and that nembutal in anaesthetic doses
blocked the action of 2 to 4 times the minimal ovulating dose of
picrotoxin  On the other hand, mtravenously administered
copper acetate produced ovulation after previous admrnistration
of dibenamine atropine or nembutal Further copper acetate
myected directly into the pituitary gland in doses of o 15 mg 1
015 ml (4 mjecuions at §-10 mun ntervals of o o4 m! each)

produced ovulation 1n 6 out of 8 ammals Sawyer and Markee
suggest that the results of Harnis (1941) were due to the copper
acetate (which was effective 1n doses of 0 05 mg m 0 o5 ml when
1njected 1nto the third ventricle) being carned by the hypophysial
portal vessels to act on the antenor prtuitary gland The results
of Brooks et al (1940) however are difficult to understand if the
copper salt acts directly on anterior pituttary cells It 1s possible
though that a toxic substance, such as copper acetate may actt

vate both nerve cells and gland cells 1f 1n suffictent concentration

Hypothalamic lesions

It has long been known that hypothalamic lestons may result
 genital atrophy (Camus and Roussy 1920 Bailey and Bremer,
1921 Smith 1927) The conclusion to be drawn from such
obsersations however 1s uncertarn  The hypothalamus 1s an
atomically so small in size and consists of such an intricate mass
of nerve fibres and scattered cell groups that even a small dis
crete lesion may affect many functions (metabolic_vascular etc)
which could indirectly cause gonadal atrophy The same con
siderattons apply to the many clinical observations that tumours
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reproductive actnvaty following the operation of prtwitary stalk
section and highly discordant results have been obtamed The
essentsal control procedure of checking the statk sectton post
morttern by sessally sectioning a block of ussue containtag the
piurtary gland and hypothalamus 1s not mentioned 1 some of
the pubhshed reports Examination of the regton under a dis
secting mucroscops 15 msufficent control of the cumpletene«s of
the operanian  However allowing for d
there are stifl discrepancies 1 the results abtammed and 2 few of
these will be mentioned to ilustrate the position  In rats, piewst
ary stalk sectvan was found by Rachter {xy33) and Brooks (1940}
1o produce lengthened oestrous cycles Vtestman and Jacobsohn
{1937, 1938) and Broln (1946) reported gonadal atrophy 1n male
and female rats whereas Dempsey and Uotila (1940) and Demp
sey and Searles (1943) observed normal lengthened or absent
ocestrous cycles m stalk secuoned anumals  ‘Transecton of the
stalk 1n guinea pigs was found by Dempsey (1939} and Lewmninger
and Ransan (1943) ta he followed by noswal wreegular or absear
oestrous cycles  In rabbits stallk section has been followed by
gonadal atrophy (Harms 1939, Hinsey 1937 Vestman and
Jacobsohn 1940} and by the recurrence of oestrus {Brooks
1938} In dogs sitver clips applied to the prtwstary stalk (Mab
oney and Sheehan 1936) or dvsmon of the sulk (Dott rgz3)
caused gonadal atrophy while other workers (Keller and Hamil
ton 1937) reported normat sex functions m the bitch followmg
stalk section  Breckenndge and heller (1948) found surgical ex
urpation ot the hypophysial stalk m ¢ dogs was followed by
atrophi¢ ovaries and genrtal tracts i 3 dogs and norma) organs
six In the human Dandy {1940) has described a case of stalk
$eCU0R 1N 3 young Wwoman that was followed by sormal men
strual cyeles pregnancy labour and lactauon
In d:zwmg condus:ons from these results most workers have
d that any h hat 41 transmustted down the
stalh ta the zdenohypophyszs would traverse necve fibres Since
the nenve fibres of the stalk lack 2 neuniemmal sheath and
strietly speakimg are nerve fibres of the brats xather than of a
pertpheral nerve they do not regenerate once they age sexered
On this assumpuon many werkers have tended to one of tuo
paints of ysew 1 explaming the vanable results of stalk section
Fustly 1t has been suggested that section of the stalk does not
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part of the median eminence became acychic and developed
genrtal atrophy whilst anmimals with lesions at the candal end of
the optic chtasma showed only large follicles 1n the ovanes
hypertrophied genital organs and permanently open vaginae,
which they interpreted as due to lack of secretion of the luteiniz
ing hormone Over forty amimals with lesions elsewhere m the
hypothalamus showed no disturbance of oestrous cycles, though
many would not mate Similar results have been obtamned in
rats  Hethenngton and Ranson (1940) described obestty and
sexual dystrophy following lesions 1n the tuber cinereum of these
ammals  More recently Hillarp (rg49) has reported further
results obtained on rats and largely confirmed the results of Dey
(1943) He found that bilateral lesions placed anterior and ven
tral to the paraventricular nucleus resulted in a state of constant
oestrus The same result was obtamned by means of much
smaller lesions placed caudal to the paraventricular nucleus and
1t was suggested that this was due to the interruption of a farly
well demarcated fibre system ansing m the anterior hypothala
mic area and running superficially on both sides of the median
eminence towards the hypophysial stalk

From these and other studies 1t would appear that the hypo
thalamus 1s intimately concerned with the regulation of gonado
trophic secretion by the adenohy pophysis but the exact localiza
tion of the nerve cells and fibres concerned 1s unknown There
1s also httle information available regarding the differential con-
trol of the follicle stimulating lutetmizing and luteotrophic hor
mones

PrTuiTary STALK AND GONADOTROPHIC SELRETION

The anatomical pathway by which the hypothalamus regulates
anterior pitutary secretion has been the subject of much con
jecture  Since the hypothalamus 1s known to mfluence the
sympathetic and possibly the parasympathetic nervous systems
many workers mestigated the effect of removing peripheral
pathways on gonadotrophic It 1s now clear

that the cervical sympathetic system and the petrosal nerves
exert hittle effect on anterior prtustary activity (see Chapter 2)
and attention has become focused on the participation of the

piturtary stalk
Many 1nyestigators have studied gonadotrophic secretion and
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€ of the hypothal and pitustary gland showed
regeneration of the portal vessels between the medaan emmnence
and adenchypophysis through the interstices of the wool pled
gets In xg other amimals small plates of paper were wnserted
between the cut ends of the stalh  Eleven of these remamned
anoestrus  gonadal atrophy occurred and histological examina
tion showed absence of portal vessel regeneranon n 8 crregular
or regular oestrous ¢y cles recurred and after death some regenera
tion of the portal vessels was observed around the edge of the
{musplaced) plates In further anmmals killed 1-xo days after
stalk section regeneration of the portal vessels was seen to com
mence within 1~z days It 1s unbhely that reduction i the
amount of antestor lobe tissue consequent on 3 dimanished total
blood supply was responstble for the post operatne disturb
ances m oestrous cyeles i this work for the following reasons

(1) Smath (1932) showed that as httle as 10 per cent of the
narmal amount of antersor pitustary tissue 1n rats s suff
crent to mamtam some ovarsan activaty and that 3o per
cent can maintan normal sexual functions

{u1} The post operative abnosmality or otherwise of the repro
ductnne processes bore no relaton to the amount of
anterior lobe tissue present (see also Breckenndge and
heller 1948)

(1) The sndian mwk myections showed that the pars dstalis
was stll well vascularized in the amimals 1n which portal
vessel regenesation was completely prevented and which
remamed anoestrus after operation

The conclusion drawn from this work was that the post opera
tive remarn of ovarian actieaty could be correlated with regenera
tion of the portal vessels

The results of Greep and Barrnett (rggy) and Barrnett and
Greep {1951) who studied the effects of prtustary stalk section
12 male and ferale rats are behieved to support the above con
clusions (though this 1s not the view of the suthors) These
workers sectioned the pitwitary stalk by the parapharyngeal route
2nd found that i 43 female rats 14 showed absence of cycles 21
Tats showed one petiod of vaginal cestrus and only 8 animals had
oestroys smears on two to five separate occasions mn the post
operatne peniod  Histologeal study of the ovarres of these
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necessanly affect the pituitary secretion of gonadotrophin and
that any gonadal atrophy 1s due to incidental interference with
the pituitary blood supply A second point of view 1s that ammals
which shew normal reproductive functions after operation may
be best explained on the grounds of incomplete stalk severance
and that complete section 15 nevitably followed by gonadal
atrophy It 1s this latter view which has been taken by most
investigators who have serially sectioned the piturtary stalk region
of their animals and discarded those cases m which any tissue
connected the two cut ends of the stalk A possible reconcihation
of these varable results became apparent when 1t was found that
the hypophysial portal system of vessels formed a constant
anatomnical feature of the piturtary stalk and that the flow of
blood 1n these vessels was from the median eminence of the hypo
thalamus towards the adenohypophysis It then seemed possible
that the infl of the hypothal on gonadotrophtc secre
tion was mediated via these vessels and that the vanable results
of pituitary stalk section might be explained 1n terms of varable
degrees of portal vessel regeneration across the site of section
To test this hypothesis a temporal approach to the rat s pituitary
gland was developed and the operation of stalk section performed
in a seres of 23 female ammals (Harnis 1950) Post operatively
one ammal remained anoestrous till hilled and was found to have
atrophic reproductive organs 8 ammals showed 1rregular oes
trous cycles and 14 rats regular cycles After death the vascular
system was perfused with indian 1ok and senal sections cut
through a block of tissue containing the hypothalamus prtuitary
stalk and gland It was found that the hypophysial portal vessels
had regenerated to some extent n all cases and that the amount
of regeneration could be roughly correlated with the degree of
reproductive activity (oestrous cycles and a pseudopregnancy
response to stenile coitus) observed after operation

In 2 further senes of rats the stalk was divided and foreign
bodies mnserted between the cut ends to see the effect of prevent
1ng regeneration of the portal vessels In the first ten expenments
pledgets of cotton or cellodon wool were used but 1t nas ob
served that these pledgets swelled considerably after insertion
thus producing damage to the hypothalamus However it was
of interest that 6 of these ammals showed a return of irregular
or regular oestrous cycles after operation and that microscopic
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of the hypothal. and pituttary gland showed
regeneration of the portal vessels between the median emmence
and adenohypophysis through the interstices of the wool pled
gets In 19 other amimals small plates of paper were inserted
between the cut ends of the stalk  Eleven of these remamned
anoestrus gonadal atrophy occurred and histological examina
tion showed absence of portal vessel regeneration 1n 8 irregular
or regular oestrous cycles recurred and after death some regenera
tion of the portal vessels was observed around the edge of the
(musplaced) plates In further animals lilled 1-10 days after
stalk section regeneration of the portal vessels was seen to com
mence within 1-2 days It 1s unlikely that reduction in the
amount of anterior Jobe tissue consequent on a diminished total
blood supply was responsible for the post operative disturb
ances 1n oestrous cycles 1n this work for the following reasons

(1) Smith (1932) showed that as little as 10 per cent of the
normal amount of anterior pituitary tissue 1n rats 1s suffi
clent to mamtain some ovarian activity and that jo per
cent can mamntain normal sexual functions

(n) The post operative abnormality or otherwise of the repro
ductive processes bore no relation to the amount of
antenior lobe tissue present (see also Brechenndge and
Reller 1948)

(m) The 1ndian 1nk injections showed that the pars distalis
was still well vasculanzed 1n the armmals 1n which portal
vessel regeneration was completely prevented and which
remained anoestrus after operation

The conclusion drawn from this work was that the post opera
tive return of ovanan activity could be correlated with regenera
tion of the portal vessels

The results of Greep and Barrnett (1951) and Barrnett and
Greep (1951) who studied the effects of piturtary stalk section
n male and female rats are beheved to support the above con
clusions (though this 1s not the view of the authors) These
workers sectioned the pitwtary stalk by the parapharyngeal route
and found that 1n 43 female rats 14 showed absence of cycles 21
rats showed one period of vaginal cestrus and only 8 animals had
oestrous smears on two to five separate occasions 1n the post
Operattve period  Histological study of the ovames of these
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ammals revealed gonadal atrophy In their studies on male rats
they found atrophy of the testes semrnal vesicles adrenals and
thyroid glands and decreased growth following stalk section
After death the vascular system of some of these male and female
rats was perfused with indan ink and senal sections cut through
a block of tissue g the hypothal and piturtary
gland A study of these sections failed to detect regeneration of
the portal vessels and the comment 1s made observations of
the operative site 1n our 1nstances 1nvarably showed that the
stalk was buried m scar tissue and adherent to the anterior lip of
the bony maision a fact which could account for lack of regenera
tion of vascular channels  This fact might also account for
faillure to observe minor degrees of regeneration However
there would seem to be a fundamental difference so far as the
future history of the prtuitary stalk 1s concerned according to
whether 1t 1s sectioned by the temporal route or the parapharyn
geal route In the first case the two cut ends of the stalk are left
lying 1n therr normal environment surrounded by cerebrospinal
fluid and smooth mentnges, whereas in the second case they are
left 1n contact with the rough surface of the trephine hole 1n the
base of the skull and i this posttion they become involved in
the scar tissue that develops in the region  Greep and Barrnett
draw the conclusion from their experiments that the gonadal
atrophy that followed pituitary stalk section in their animals was
due to tnterference with the total blood supply to the pitwitary
gland and not necessanly to nterference with a hypophysial
portal blood supply It 1s difficult to reconcile this view with
Greep s previous findings (Greep 1936) In this earhier work
Greep hypophysectormized 28 day old male and female rats and
then replaced erther the ammal s own gland or the glands from
other 2nimals 1n the sella turaca  Following this procedure a
high proportion of the ammals showed evidence of normal
anterior pituitary actwvity as demonstrated by growth rate oes
trous cycles pregnancy and lactation It 1s clear that in these
cases the anterior pitutary tissue must have suffered a greater
interference with its total blood supply than 1n the expertments
mvolving stalk section  On the other hand there would seem to
be more favourable conditions for the regeneration of a portal
blood supply n the grafted animals than in the ammals with
their stalks sectioned by the parapharingeal route
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Several recent reports have dealt with the effect of extra
fllumination 1n winter 1n producing oestrus in pituttary stalh
sectioned ferrets As mentioned above the effect of extra Light
1n producing oestrus 1n the normal ferret 1s mediated by the eyes
optic nerves and probably some nervous reflex pathway ultim
ately leading to increased pitwitary secretion of gonadotrophie
hormone In order to see whether the pitwitary stalk formed
part of the anatomcal pathway tnvolved Thomson and Zucher~
man (1953) severed the pituitary stalk in 17 ferrets by a buccal
approach and exposed them to a hight stumulus 1n winter They
believe that 2 of these animals which reacted to hight exposure
by becomting vestrus did so 1 the absence of any vascular con
nections betw een the median eminence and the adenohy pophysts
They conclude that the hypophysial portal vessels do not form
part of the pathway by which ight stimulates anteriar pitwitary
secretion 1n the ferret This work has been repeated by Donovan
and Harns (1954) who obtained different results They exposed
the pitwitary stalk of 24 ferrets by a temporal approach 1In 4
ammals the stalk was left intact i 6 simple stalk section was
performed and in 14 the stalk was cut and a paper plate inserted
between the hypothalamus and prtuttary gland T'welve of these
24 ferrets hecame oestrus when expased to prolonged illumina
tion  These included the 4 blank operated control animals 5 of
the 6 subjected to simple stalk section and 3 i which a paper
plate had been inserted  After Miling the vascular system was
perfused with ndian ink and cellodin sections cut senally
through the piturtary region at a thickness of 130-200 u (usually
160 ) Histological examination showed that (a) the piturtary
stalk had been successfully sectioned 1n all but the blank operated
animals (b) the appearance of oestrus could be correlated with
the presence of vascular connections between the median emin
ence of the tuber cinereum and anterior prtintary gland no case
of oestrus was observed 1n the absence of such vascular con
nections (c) the anoestrous anmmals had few 1f any vascular
connections between the median eminence and anterior pitustary
gland and {d) some atrophy of the pitustary gland especrally of
the posterior lobe occurred in all animals 1n which the stalk was
sectioned However as shown in Table I the extent of the
atrophy was not related to the response of the animals to hight

(ef Greep and Barmnett 1951 Barrnett and Greep 1951)
D
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Tance |

To show the relative volume of the whole pruntary gland and of the
anterior and posterror lobes in ferrets 1n wluch the piturtary stalk

had been cut
Number Total Anterior Posterior
n Group Volume Lobe Lobe
Blank operated 4 100 100 100
(oestrus)
Stalk cut 10 73 95 45
(anoestrus)
Stalk cut 8 61 80 39
{oestrus)

Trom these results 1t was concluded that the hypophys:al portal
vessels form a necessary part of the pathway of the ight induced
oestrous response mn the ferret In companng the results and
conclustons of Thomson and Zuckerman (1953) and Donovan
and Harnis (1954) the following pomnts may be borne in mind

(1) Thomson and Zuckerman base thewr conclustons on
results obtained in only two ferrets
(1) The surgical approach used by Thomsen and Zuckerman

(buccal route) gives poor facility for placing plates between
the cut ends of the stalk and the plates were with a few
exceptions eliminated from the wound  As pointed
out above this aperation often results n anatomrcal dis

orgamzation of the piturtary stalk region which comple

cates the final histological study

{m) Thomson and Zucherman made their microscopic study
of senal sections through the pitwitary hypothalamic
region after imbedding the spectmens m wax and section

g at 10 ¢ To obtain a clear picture of the vascular
anatomy 1t 1s necessary to cut thick serial sections (160 1)
after celloidin 1mbedding

(1v) Donovan and Harns (1954) report that through the kind-
ness of Dr Thomson and Professor Zuckerman they had
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the opportunity of examining sections through the pitu-
stary region of one of their two cnitical ferrets  Enspection
revealed that a sigmficant proportion of the visible blood
vessels did not contain indian ik Conclusions drawn
from pletely mjected sp must be regarded

as unreliable

These technical points have been mentroned here 1n some detail
since they are of basic importance to investigations 1n this field

One other work dealing with the relationship between
pmntary stalk lesions and gonadotrophic secretion should be

d Benoit and A her (1954) have reported the

results of their experiments on the duck In this form the
anterior and posterior lobes of the pituitary gland are separated
by a septum so that discrete lestons may be made 1n either the
portal vessels of the stalk or the nerve fibres of the stalk Benoit
and Assenmacher found that cutting the portal vessels and plac-
ing a plate of sclera between the median eminence and pars
distalis resulted 1n atrophy of the testes and failure of the testi
cular response to hight A similar conditron followed injury to
the anterior part of the median eminence whereas section of the
nerve fibres of the prtustary stalk (leaving the portal vessels
ntact) was compatible with normally developed gonads

The conclusion drawn from the experimental data discussed
above 15 that section of the pitwtary stalk affects the functions of
the anterior pituitary by interrupting a vascular supply the por-
tal vessels which exerts some speaific effect on activity of the
gland This conclusion 1s strongly reinforced by that drawn
from the experiments dealing with grafts and transplants of
antertor pituitary tissue described in Chapter 3 These expen
ments also 1ndicate that good vasculanization 1rrespective of the
source of the blood 1s not sufficient to render anterior lobe tissue
functional some additional factor 1s necessary and this factor 1s
present when the blood supply 1s dernved at least in part from
the hypophysial portal system

NeuraL ORIGIN oF OesTROUS CYCLES PUBERTY AND SEXUAL
DIFFERENTIATION OF THE HYPOTHALAMUS

Oestrous cycles
The view first expressed by Moore and Price (1932) regarding
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Tamr 1
To shoto the relative 1olume of the whole prtwrtary gland and of the
anterior and posterior lobes n ferrets wn uhich the pitwitary stalk
had been cut

r Number Total Anterior Postetior
n Group Volume Lobe Lobe

Blank operated 3 100 100 100
{oestrus)

Stalk cut 10 73 95 45
{anoestrus)

Stalk cut 8 61 80 39
{oestrus)

From these results 1t was concluded that the hypophysial portal
vessels form a necessary part of the pathway of the Iight induced
oestrous response in the ferret In companng the results and
conclustons of Thomson and Zuckerman (1953) and Donovan
and Harns (1954) the following points may be borne mn mind

(3) Thomson and Zuckerman base their conclusions on
results obtatned 1n only two ferrets

(11) The surgtcal approach used by Thomson and Zucherman
(buccal route) gives poor facihity for placing plates between
the cut ends of the stalk and the plates were with a few
excepttons eliminated from the wound ~ As ponted
out above this operation often results 1n anatomical dis
organization of the pitustary stalk region which comph
cates the final histological study

(w) Thomson and Zuckerman made their microscopic study
of semal sections through the prtuitary hypothalamic
region after imbedding the specimens 1n wax and section
ing at 10 g To obtamn a clear prcture of the vascular
anatomy 1t 1s necessary to cut thick serial sectrons (160 p)
after cellondin 1mbedding

(1v) Donovan and Harns (1954) report that through the kind
ness of Dr Thomson and Professor Zuckerman they had
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whach 15 inhubited by 2 blood level of oestropen above a certain
threshold value These two views may be represented as i Fig
36 Ites now clear that the central pervous system participates
an some way in these reactions for the following reasons

{a) Lesions m the anterior hypothalamus of the gumea pig
and rat may disturb the rhythmic refease of the lutemnizing
hormane and result 10 a state of constant oestrus

(8) Section of the prustary statk with precautions to prevent

of the hypophysial portal vessels brings all
reproductive ¢y cles to a halt and results in gonadal atrophy

{¢) Antertor prtuttary transplants in a site remote from the
selta turcica wn hypophysectomszed animals do not mamn
tam oestrous cycles Sumlar grafts placed under the
median emnence of the hypothalamus where they become
revasculanzed by the portal vessels mawtamn normal repro
ductrve functions  Even antenor prtuitary ussue from a
male ammal wail maintam ¢y clcal actty f transplanted
to this fatter sste in a female host

Simee massive doses of oestragens are claimed by many inves
uigators to wduce cytological changes 1o antenior pitustary cells
of transplanted or stalh cut glands 1t 15 posstble that gestrogens
exert some direct action on the adenohypophysts but there can
be httle doubt that the mam action of cestrogens m the regulation
of cycles 15 exerted on the central nesvous system  The beautr
fully precise expenments performed by Everett Mlarkee and
Sawyer on thesr 4 and 5 day cyclic strams of rats lends strong
support to this view By working with bred Vanderbilt straina
of rats kept under stuctly regulated condinons of hghung st
was found posstble to predict with about 9o per cent accuracy
the length of the next cycle in any particular rat  Alse 1t was
{ound that under these cond ulation occurs bet 1-2
am m the morning Using these rats with regular 5 day cycles
Everett (1948) showed that 1t was possible te shorten the cycle
to ¢ days {that 1s to advance ovulation by 24 hours) by wyections
of progesterone on the thued day of dioestrus or of cestrogen on
the second day of diestrus Further work by Everett and
Sawyer (1949) showed that the progesterore stimulus to early
ovulation may be blocked by dibenamine or atropine By ingect
g progesterone on the third day of dioestrus followed by
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the cyclical nature of oestrus recened general acceptance for
many years These workers suggested that the oestrous rhythm
was endocrine 1n onigin and depended on a reciprocal influence
between the pituitary gland and ovary It was thought that
oestrogens directly inhibited the secretion of follicle stimulating
hormone by the antertor pitustary gland and excited the secretion
of the luteinizing hormone and that progesterone directly tn

Hypothalmus
[ 4
Anterior
pituitary Anterior
pitutary

Gonad

00O

Gonad O

{a) (%)
Fig 36 To illustrate the views of (a) Moore and Price that the rhythmic
nature of d cycles 1s d on the reaction bet seen

ovary and antenior pituitary and (4) Hohlweg and Junkmann that sevual
rhythm 1s dependent upon ovarian hormones aflecting the anterior piturtary
gland through the mtermediation of the hypothalamus

hibited the secretion of lutermzing hormone In this way a self
regulating reciprocity between the two glands was thought to be
responsible for the cycles of oestrus However Hohlweg and
Junkmann (1932) and Hohlweg (1936) noted that anterior pitu

itary transplants do not develop castration cells after ovanectomy
of the host They postulated the existence of 2 sexual centrum

1 the hypothalamus a centre which normally sumulates the
adenohypophysis to secrete follicle stimulating hormone  but
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experiments are particularly instructive since the dose necessary
to block ovulation 1s so small that even ataxia n the treated
amimal may be difficult to recognize Everett and Sawyer draw
attention to the similanties between the blocked ovulation due
to barbiturate sedation and the state of prolonged oestrus pro

duced 1n rats by continuous

llumtination (Browman 1937

Hemmungsen and  Krarup Central
1937) In susceptible animals nervous
this latter effect may begin system
within a matter of days (Eve-

rett 1942) Further reversal

of oestrus (mating normally

occurs during the night 1n the Anterior pituitary
rat) follows reversal of day gland

night hghting conditions
(Hemmungsen and Krarup
1937) All these data are most
eastly explained on the theory
thatthe spontaneous ovulation
and the cycles of oestrus of the
rat are controlled nevrally It
would be of interest 1f expert O Gonads
ments of this type were re
peated on other spontaneously
ovulating forms suchas prim

ates
Puberty Accessory
reproductive
The factors underlying the argans
onset of reproductive activity Th
at puberty have been discus Fig 37 The more imporunt organs

involved n the process of sexual
sed for many years The maturation

organs matnly concerned are

depicted 1n Fig 37 It has been hnown since the work of Foa
(1900) that the gonads are able to function 1n adult fashion
long before puberty The ovanes of 1mmature animals trans
planted to mature ammals may show changes typical of the
adult organ likewise ovaries from a mature amimal transplanted
to the prepubertal become quiescent and atrophy Also the
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atropine blochade at different intervals it was found that regard

less of how early progesterone was administered actrvation of
the hypophyss did not begin till 2 pm or later, becoming com
plete 1n about half the animals before 45 pm  That 13 to say
the stumulus for release of the luteinizing hormone induced by
progesterone occurred at a definite time of the day which was
not related to the time of progesterone administration  Everett
Sawyer and Markee (1949) also showed that the normal spontane

ous ovulation of the 4 day cychc rat could be blocked 1n a large
proportion of cases by dibenamine grven before 2 pm on the
day of pro oestrus and i all animals by atropine given during
the same time interval Vhen either drug was injected after
4 pm on the day of pro oestrus ovulation occurred normally
duning the following mght (except for a few rats treated with
dibenamime) From all these expeniments 1t was concluded that
the stimulus evoking release of lutemnizing hormone from the
anterior pituttary gland 1n either spontaneously ovulating or
progesterone stimulated rats occurs at z-4 pm on the day of
pro oestrus  Ths release of luteinizing hormone 1s followed by
ovulation 10-12 hours later thatisat 2-4am the next morning

It 1s of interest to compare these time 1ntervals with those of the
rabbit where coitus sumulates the release of the luteinizing hor

mone and 1s followed by ovulation 10 hours later The presence
of a chronologically imited stimulus to the release of the lutein

1zing hormones 1n the rat and the fact that the stimulus may be
bloched by dibenamune or atropine drugs which do not affect the
release of luteinizing hormone from the prtwitary gland and do
not affect the action of this hormone on the ovary strongly sug

gests the participation of the central nervous system and prob

ably the hypothalamus 1n the control of ovulation 1n the rat It
may then reasonably be argued that the effect of oestrogens and
progesterone on ovulation are also mediated by the nervous
system The more recent work of Everett and Sawyer (1950)
lends further support for these views They found that nembutal

and other barbiturates prevent the ovulatory activation of the
hypophysis 1f adminustered at 2 pm on the day of pro oestrus

If nembutal treatment was repeated at the same time on 2 or 3

successive days persistence of the graafian follicles occurred If
treatment was omitted on any of these 3 days or postponed until

after 4 pm  ovulation occurred dunng the next mght  These
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resulting n premature puberty 1 young children agamn demon
strates the capacity of the human priuitary and gonad to funcuon
before the normal age of puberty and alse mdicates the neural
ongm of the changes of pubertv Mo attempts seem to have been
made 10 duce this cond exp iy but it would
be of much smterest to see whether lestons 1n the postenior tuheral
ac mamemilary regions of the hypothalamus or prolaaged elec
trcal stimulation of the same areas resulted in premature
puberty 1n other mammals

Before puberty dunng the g stage of a b g
season and after the menopause there appears to be a lack ol
some strmulus otherw sse transrtted from the by pothalamus to
the adenohvpophysis

Sexual differentiation of the bypothatmus

The hypophysis of the male animal appears to secrete gonado
trophins at a steady rate durmg the actn e penod of the breeding
season and does not show the rhythmic fluctuations tpreal of
the female cycles This does not seem 1o be due entirely to the
presence of the testis for ovaries transplanted mto 2 castrate
male fait to form corpora utea or to show cyclic activagy {Gaod
man 1934 Pfeffer 1936 Deanesly 1938 see however hatsh
1950) Plesffer (1936 1937) believed that this was due to the
anterior prtustary gland b sexually daffe d dunng
wnfancy under the early action of androgens It 1s now clear that
this cannot be the case for anterior pitmtary tissue abtaned from
adult male rats transplanted under the medin eminence of the

hy pothal: of hypophy d adult female ats where 1t
became revasenlanzed by the pimmtary portal vessels has been
found effecinve i & normal cycles and preg

nancy (Harois and Jacobsohn 19,2} Frem thss observation it
would scem that antenior prwitary tissue remams plastic or
plunpotenual i s functional capacity and that its sctnaty ma
male or female animal depends on the stmulus the gland tissue
recenves from the hypothalamus  In view of the fact that
Pferffer (1936) showed prepubertal testis grafts in female rats
produce 2 constant oestrous state after puberty and that ovanes
grafted into aduls male rats castrated at burth do undergo cyclic
changes 1t seems Iiheh that some neural structure 1n the male
ammal becomes differentiated and fised 1 1ts function under the
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new-born human female may show a vicarious menstruation due
to the effect of maternal gonadotrophins Thus the ovaries and
accessory organs are able to function actively under appropriate
conditions long before the age of puberty Following the work
of Philip Smuth on the gonadotrophic actiity of the anterior
prturtary gland the view became current that the adenchypo
physis was the regulator of pubertal changes However, im
plantation of the antertor lobes of immature ammals nto other
immature ammals may induce gonadal activity and 1t has been
found that the gonadotrophic content of the anterior pitutary
may be high long before puberty Robson (1947) has sum
marized the position Thus the anterior pituitary lobe
contains actne gonadotrophic hormone before the onset of
maturity and the ovary 1s capable of reacting to this hormone
and yet under normal physiological conditions maturity does not
occur at that tme It seems that 2 major factor responsible for
puberty 1s an increased rate of release of prtuttary gonadotrophin
though changes 1n the sensitivity of the organs to eirculatng
hormone may contribute (Hooker 1942) The cause of the
ncreased gonadotrophin release from the piturtary 1s unknown
but it 15 hikely that a neural (hypothalamic) stimulus via the
hypophysial portal vessels may be imolved

(a) Hypophysectomized female rats which had had prtustary
tissue obtamed from their own young grafted under the median
eminence resumed oestrous cycles within 8-35 days from graft
ing that 1s 2t a ttme when their litters would have been 12-43
days of age (Harns and Jacobsohn 1952) The antertor pitustary
tissue responstble for these oestrous cycles thus showed greatly
hastened development for puberty in the rat does not normally
occur until about 40-70 days of age Thus effect was only seen i
amimals 1n which the pitwitary graft became revascularized by
the portal system of vessels It seems unhkely that this result
can be due to the fact that a single graft consisted of several
(1mmature) glands

() The onset of sexual maturation may be accelerated by
prolonged electrical stimulation of the uterine cervix in pre
pubertal rats (Swingle Seay Perlmutt Collins Fedor and Bar
low 19351) This may indicate release of gonadotrophin under
nenvous reflex sumulation

(¢) The rare but well affirmed cases of hypothalamic tumours
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CHAPTER 5

REGULATION OF ADRENOCORTICOTROPHIC
SI CRETION FROM THE ANTERIOR
PITUITARY GLAND

Since the introduction of the adrenocerticotrophic hormone
{(AC T H) and cortisone for therapeutic use the mvestigation
of the factors which normally regulate the secretion of ACTH
have received much attention

The most 1mportant physiological action of ACT H 1s seen
m the effect 1t exerts on the adrenal cortex Other possible
actions of this hormone such as an effect on granulation tissue
formation mediated via the ovary (Clayton and Prunty 1951)
and an effect on the electrical activity (Torda and Wolff 19524)
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and acetylcholine synthesizing power (Torda and Wolff 19528)
of the bratn may represent physiological actions of the hormone
ndependent of adrenal cortical activation but are not germane
to the following discussion
In the majority of experiments in which the control of
ACTH discharge from the anterior pititary gland has been
mnvestigated one or more of the factors represented diagram
matically in Fig 38 were used as indicating the rate of such dis
charge The secretion of A C T H may be studied by measuring
the variations 1n the concentration of this hormone 1n the blood
by observing the effects 1t exerts on the adrenal cortex or the
effects produced by the increased adrenal cortical secretion
However no one of the methods 1s entirely satisfactory
(@) A method for measuring the amount of AC T H 1n pent
pheral blood has recently been devised (see Sydnor and Sayers
1952) Clearly the most direct method of detecting changes in
the rate of secretion of the hormone 15 to measure the varying
concentrations of AC T H 1n pitustary venous blood At the
moment this 15 not possible since pure venous blood from the
pituttary gland cannot be obtained Such assays may be per
formed on peripheral blood but the interpretation of such
measurements nvolves the questton of the rate of hormone
utlization as well as that of the rate of hormone secretion
(b) Different extracts of anterior prtuitary tissue have been
b d which are pred ly active erther in mamntaining
the weight of the adrenal gland after hypophysectomy or in
depleting the ascorbic acid content of the gland (Stack Dunne
and Young 1951 Stack Dunne 1953) It s possible that these
extracts represent two different hormones secreted by the pitu
iary gland 1n which case nesther the maintenance of adrenal
weight nor depletion of ascorbic actd tests would alone give the
complete picture of ACTH release It 1s however also
posstble that these two extracts are 1n a sense biochemical arte
facts and are not representative of naturally occurring hormones
(¢) Brological and chemcal methods for measuring the con
centration of adrenal cortical secretion 1n peripheral blood have
been devised but are on the whole lengthy and laborious and
have rarely been used 1n the studies discussed below
(d) Methods based on adrenal weight or histology are slow or
difficult to place on a quantitative basis
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(e) Methods based on the chemical measurement of adrenal
ascorbic acid or adrenal cholesterol content have been frequently
used They are quich and simple to perform The role played
by ascorbic actd 1n the adrenal cortex ts unknown but it 1s well
established that after an niection of ACTH or after the
application of stress to 2 mouse rat or gumea pig the ascorbic
acid content of the adrenal falls This reduction 1n ascorbic acid
1s the basis for the Sayers assay method (Sayers, Sayers and
Woodbury 1948) for A C T H and under carefully standardized
conditions and 1n practised hands 1s highly specific and sensitive
The fact that the metabolism of ascorbic acid 1n the adrenal gland
varies 1n different forms (the guinea pig1s unable to synthesize this
acid A CT H njections or stress produce hittle ascorbic acid
depletion 1n the adrenal glands of chick duck quail or golden
hamster—see Zarrow and Baldimt 1952) and the fact that the
adrenal gland of the scorbutic guinea pig may still show choles
terol depletion following imection of A C T'H at a time when
the ascorbic acid content of the gland has practically disappeared
(Oesterling and Long 1951) show that there are imitations to the
use of this method under certan circumstances 'The depletion
of adrenal cholesterol following injection of A C T H orapplica
tion of stress has not been studied so closely ot so widely used
as the ascorbic acid method However the demonstration that
the perfused adrenal gland can introduce an oxygen atom at the
C 11 positon of the cholesterol molecule (Hechter Jacob
Jeanloz Levy Marshall Pincus and Schenker 1949) has made
1t probable that cholesterol 1n the adrenal cortex 1s a store of
precursor for the formation of adrenal steroids and the choles
terol depletion method for measuring A C T H release would
therefore seem to be more logically founded than that based on
ascorbic acid

(f) Methods based on counts made of the circulating lympho
cytes and eo.nophiles 1n the blood stream have been widely
practised since they are rapid and easy to perform and may be
used on the unanaesthetized animal or human Such methods
were established by the wotk of Dougherty and White (1944)
and Hills Forsham and Finch (1948) when they showed that in
jection of ACTH or adrenal corticoids oxygenated at C 11
position  resulted 1n a lymphopenia or eosinopema  Stress
sumub which cause liberation of endogenous A C T H pro
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and acetylcholine synthesizing power (Torda and Wolff, 1g525)
of the brain may represent phystological actions of the hormone
mdependent of adrenal cortical activation but are not germane
to the following discussion

In the majonty of experiments, i which the control of
ACTH discharge from the anterior pitustary gland has been
investigated, one or more of the factors represented diagram
matically in Fig 38 were used as indicating the rate of such dis
charge The secretion of A C' T H may be studied by measuring
the varations 1n the concentration of this hormone i the blood
by observing the effects 1t exerts on the adrenal cortex or the
effects produced by the increased adrenal cortical secretion
Hawever no one of the methods 1s entirely satisfactory

{a) A method for measuring the amount of A C T H 1 pen
pheral blood has recently been devised (see Sydnor and Sayers
1952) Clearly the most direct method of detecting changes m
the rate of secretion of the hormone 1s to measure the varying
concentrations of AC T H 1 pituitary venous blood At the
moment this 1s not possible since pure venous blood from the
pituitary gland cannot be obtained Such assays may be per
formed on peripheral blood but the imnterpretation of such
measurements involves the question of the rate of hormone
utilization as well as that of the rate of hormone secretion

(b) Dafferent extracts of anterior prtustary tissue have been
obtained which are predominantly active either 1n marntaining
the weight of the adrenal gland after hypophysectomy or i
depleting the ascorbic acid content of the gland (Stack Dunne
and Young 1951 Stack Dunne, 1953) It 1s possible that these
extracts represent two different hormones secreted by the pitu
1tary gland 1 which case neither the mamntenance of adrenal
weght nor depletion of ascorbic acid tests would alone give the
complete picture of ACTH release It 1s however also
possible that these two extracts are 1n a sense biochemcal arte
facts and are not representatsve of naturally occurring hormones

(c) Biological and chemical methods for measuring the con
centration of adrenal cortical secretion 1n peripheral blood have
been devised, but are on the whole lengthy and laborious and
have rarely been used 1n the studies discussed below

() Methods based on adrenal weight or histology are slow or
difficult to place on a quantitative basis
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(¢) Methods based on the chemical measurement of adrenal
ascotbic acid or adrenal cholesterol content have been frequently
used They are quick and simple to perform  The role played
by ascorbic acid 1n the adrenal cortex 1s unknown, but 1t 1s well
established that after an injection of ACTH, or after the
apphication of stress to 2 mouse rat or guinea pig the ascorbic
actd content of the adrenal falls This reduction 1n ascorbic acid
1s the basis for the Sayers assay method (Sayers Sayers and
Woodbury 1948) for A C T H and under carefully standardized
conditions and 1n pracused hands 1s aghly speaific and sensitive
The fact that the metabolism of ascorbic actd 1n the adrenal gland
vanes in different forms (the guinea pigis unable to synthesize this
acd A CTH injections or stress produce httle ascorbic acd
depletion 1n the adrenal glands of chick duck quail or golden
hamster—see Zarrow and Baldint 1952) and the fact that the
adrenal gland of the scorbutic guinea pig may still show choles
terol depletion following injection of ACT H at a time when
the ascorbic acid content of the gland has practically disappeared
{Oesterling and Long 1951) show that there are limitations to the
use of this method under certain circumstances The depletion
of adrenal cholesterol following injection of A C T H  or apphica
tion of stress has not been studied so closely or so widely used
as the ascorbic acid method However the demonstration that
the perfused adrenal gland can introduce an oxygen atom at the
C 11 position of the chol 1 molecule (Hechter Jacob
Jeanloz Levy Marshall Pincus and Schenker 1949) has made
1t probable that cholesterol 1n the adrenal cortex 1s a store of
precursor for the formation of adrenal sterords and the choles
terol depletion method for measuring A C T H release would
therefore seem to be more logically founded than that based on
ascorbic acid

(f) Methods based on counts made of the circulating lympho
cytes and eosinophiles in the blood stream have been widely
practised since they are rapid and easy to perform and may be
used on the unanaesthetized ammal or human Such methods
were established by the worh of Dougherty and White {1944)
and Hills Forsham and Finch (1948) when they showed that in
Jection of ACT H or adrenal corticords oxygenated at C 11
position resulted in a lymphopenia or eostnopema  Stress
stimuli which cause liberation of endogenous ACTH  pro-
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duce the same result However in employmng these criteria of
ACTH release 1t 1s necessary to consider (1) the ammal used
(for example rabbits have a high proportion of lymphoeytes and
pseudo e philes and are thus ble for studies of lympho

penic response but not eosinopenic) (2) the anaesthetic used 1f
any (urethane has a direct action on lymphocytes) and (3) to
remember that factors other than the AC T H content of the
blood may result 1 lymphopenia or eosinopenia Hungerford

(1949) has described a lymphop following 1nj of large
(about 140 ug) doses of adrenaline into hypophysectomized but
not adrenal d rats The P response 1s perhaps

more open to cnticism from this point of view for Speirs and
Meyer (1949) report that eosinopema follows injection of adrena
hne (5 ug) or stress mn hypophysectomized mice Also 1t has
been reported that large doses of adrenalme will produce an
cosinopenia 1 patients with Addison s disease or in the human
after bilateral adrenalectomy (Thorn 1952) It scems likely, at
the moment that mnyection of adrenaline may produce an €osino
pema by potentiating the action of (exogenous or endogenous)
adrenal corticoids already 1n the blood stream as well as by
causing A C T H release from the pitustary However 1t may
be mentioned that Speirs (1953} has with suitable precautions
developed a method of assay of A C T H based on the eosino
penic response of ntact or hypophysectomized mice and that
Long and his colleagues {see Long 1952) have obtamned an ex
cellent correlation 1 the rat between the fall in crculating
eosinophiles and the reduction of adrenal ascorbic acid and be
tween the fall n lymphocytes and the decline in adrenal choles
terol

For further details concermmng methods of measuring or
detecting A CT H secretion reference may be made to the
review of Sayers (1950)

Treories CONCERNING THE REGuLATION oF AC T H
SECRETION
The activity of the adrenal cortex 1s dependent on several
factors of which the most important appears to be the secretion
of ACTH by the adenohypophysis That this is not the only
factor 1s shown by the finding that hypophysectomy does not
result 1n complete cessation of actrvity by the adrenal cortex hfe
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1> mantamed better after hypophysectomy than adrenalectomy
Few mnestigations have been made of the extrahypophystal
factors responsible for adrenal cortical actinity  Vogt (1951a) bas
showan that the 1solated adrenal gland of the dog perfused witha
Dale Schuster pump continues to secrete cortical hormene at a
steady rate for a period of up to one hour and 3 half The rate of
secretion of this wsolated gland may be mcreased by adding
ACTH tothe perfusmg blood butst may also be mereased by
adding ad 1 phate creatine phosphate large doses of
histamme or by mcreasmg the pat.xssxum/aodlum ratio aof the
plasma
Bush (1g,1) has suggested divrding the activity of the adrena!
cortex into  steady state function (which may be independent
of the pituttary) and  stress function (dependent on the prtut
ary adrenal relationshup) There 15 no doubt that the mereased
secretion of the adrenal cortey observed under a wide vanety of
conditions of stress (thermal bactenal traumatic tovic emo
tional ete ) 15 due to an increased rate ot hiberation of prewtary
ACTH elicted by the stress However since amimals fept
under optunum quescent conditions posse s more adrenal corty
cal tissue than hypophysectomized ammals this classification
would indicate that the steady state' or non stressed state s
onlv theoretically posstble  This ts bkely and 1t 1s of tnterest that
the posttion of the adrenal cortex would then appear simular to
that of the adrenal medulla at the time of the contro\ersy be
ts een the schools Cy
sewretion of adrenahne  On these Iines the pmblem of cJasstfy
1ng adrenal actnvity becomes mainly one of semantics regarding
the meaning of terms such as steady state  emergerey or
stress It 1s perhaps not without significance that one of the
simple t ways ot describsng stress stimuh {to include also states
of emotional stress) ss  stimuh which m the normal animal excite
wereased activity of the sympathetic nervous system and adrenal
smedulla
In the Jast fen years discussion of the factors regulating
ACTH secretion have been concerned n the man with the
factors regulating the increased secretion of ACTH under
conditrions of strese Three vtews have been put forward not
necessarily this regul (MACTH
3

secretion s lated by the blood leve! of adrenal:
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(2) ACTH secretion 1s regulated by the systemic blood level
of the adrenal cortical hormones (3) A CT H secretion s con
trolled by the hypothalamus acting through the hypophysial
portal vessels These views will now be discussed

(A) Systemic blood level of adrenaline

In 1943 Dr Marthe Vogt described for the first time the very
high rate of secretion of the adrenal cortex  She found the con-
centration of hormone 1 venous blood from the gland to be
surprisingly high as compared with the small amount of hormone
stored 1n the adrenal at any one time In order to estimate the
amount of cortical hormone 1n samples of adrenal venous blood
she used the Selye Schenker method which measures the hfe
maintatning power of the substance as observed after injection
nto young adrenal d rats exposed to low temperature
In the following year Vogt (1944) described the increased output
of cortical hormones that occurs following the intravenous in
fuston of adrenahne (6-8 pgfkg) into the eviscerated dog or cat
The output of hormone was 1ncreased several times by this pro-
cedure and was shown to be independent of the pressor response
of adrenaline and of varnation m blood flow through the adrenal
At first 1t was thought likely that adrenaline acts directly on the
cells of the adrenal cortex since increased activity of this gland
was observed to occur a few minutes after starting adrenaline
infuston However the latent pertod between the release of
ACTH and ncreased actnity of the adrenal cortex was later
(Vogt 1947) found to be of the same order of time The follow
1ng findings now mahe 1t clear that the major action of adrenaline
n ehating adrenal cortical activation 1s mediated 1n some way
via the pituitary gland

(1) Hypophysectomy prevents the depletion i adrenal
cholesterol and ascorbic acid that normally follows njec
tion of adrenaline (Long and Fry 1945) and prevents the
accumulation of Lipins and weight mcreases which nor-
mally follow chronic admimstration (1~3 weeks) of
adrenaline (Vogt 1945)

(1) The 1solated perfused adrenal cortex 1s not stimulated to
increased activity by addition of adrenaline to the per
fusing blood (Hechter 1949 Vogt 19514) but s sumu
lated by the addiion of ACTH
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The effect of other sympathomumetic amines m causing dis-
charge of pumtary A C T H have been studsed and 1t 1s gener-
alty agreed that adrenaline 15 one of the most potent m ths

respect  For example Nasmyth
{1950} found that the relation
ship between doses of L-adren-
alne I noradrenabine and p
sympatolin cauningequal pressor
responses Was I 04 200
whereas the relatronship of doses
causing equal falls n the ascorbic
aad content of the rat adrenal
gland was 3 45 1200 These
sesults have been confirmed by
Jarrett (19351} who also found
that dl sopropyl noradrenakine
(1soprenaline) ts as potentin de
pleting ascorbic aad sn the
adrenal gland of the rat as
1 adrenaline 1n spste of the fact
that 1t consists of tno 1s0mers
one of which may be mactne

In 1947 Long argued that
since stresses of vartous types are
known to result mn secretion of
adrensline and ACTH and
since adrenabine will stimulate
release of ACTH then i all
probability adrenahine 1s past of
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of small p

doses of adrenaline 1 rats resulted m ACTH secretion as
demonstrated by a fall 1 adrenal ascorbic acd or adrenal
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effecting ACTH secretion McDermott Fry Brobech and
Long (19505) transplanted anteriar prtuttary tissue to the anteror
chamber of the eye 1n hy pophy sectomuzed rats  In these animals
eosinopemc responses were observed to follow subcutaneous
jection of adrenahine or imection of very small doses of adren
aline mto the eye contamng the graft but not mto the normal
eye As a final experiment on these animals the eye beanng the
graft was removed and 1t was then found that subcutaneous in
Jjection of adrenaline no longer resulted 1n an eostnopenia The
conclusion drawn from these experiments was that adrenaline
causes A C T H secretion by a direct action on antentor priuitary
cells It 15 perhaps sigmuficant as reported sn Chapter 3 that
these pituitary transplants did not prevent partil adrema)
atrophy or complete atrophy of the testes and did not maintamn
body growth Simlar results concerning the fach of maintenance
of the adrenal gland testes and body growth were obtained by
Fortier (1951 19,2} sho also studied the A C T H potency of
pituitary transplants into the anterior chamber of the eye of rats
aner divided hus stressing stumult 1nto two groups s;stemxc
drepaline cold h ) and pic {sound
zatmn) ‘The rats beaning transplants and normal centrols were
sumulated at weekly intervals 2nd the fall of the airculating blood
eosinophiles used as an index of A C T H release  Adrenahine
cold and hustamine brought about a definite eosinopewa 1z both
normal and grafted ammals  Sound and immobihizatton induced
a marked fall of the eosinophiles in the mntact but none n the
grafted animals  In 2 complementary experiment direct stimu
lation of the hypophysial transplant 1n the eye was attempted by
localized cooling of the eye and by subcomunctinal njectson of
adrenaline istamne and dibenamine Two of these procedures
mjection of adrenaline and hustaminte resulted 1n an eosinopema
From these expernments Fortrer concluded that neurotropic
stress sumuh actnate ACTH release by means of hypothal
amo hypophy whereas systemic stress sttnult
may act dlrectly on anterior pituitary cells  The fact that locally
apphed histemine as well as adrenalme stmulated ACTH
secretion by the piuntary sransplants throws serious doubt on
the specific nature of the response of the pitunary for adrenaline
The view upheld by Lnng and h\s cq waorkers that adrepahne
15 part of a phy underlying secre
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cholesterol The time of tnfusion was found to be 1mportant for
whereas the intramuscular nfusion of 0 5 pg of adrenaline m a
period of an hour was followed by a sigmficant decrease of
adrenal ascorbic acid the infusion of the same quantity 1n 15 min
had no effect Various stress procedures such as cold exposure
sensory nerve stimulation haemorrhage and laparotomy were
also found to result 1n reduction of adrenal ascorbic acid 1n the
normal but not 1n the hypophysectomized rat In order to seef
there 1s a causal relationship between adrenaline and ACTH
secretion 1n response to stress Long and his colleagues have
investigated the effects of stresses after demedullation of the
adrenal glands and after interrupting the neural pathway
responsible for adrenaline secretion by placing lesions in the
diencephalon and by cutting the spinal cord at the level of the
third thoracic vertebra In these studies the criterionof A C T'H
secretion was an eostnopentc response It was found that
adrenal demedullated rats no longer responded to muld stress
stimuli (stimulation of an afferent nerve trunk for 15 min) but
such rats still showed 2 marhed response to more severe stress
(fasting plus exposure to cold for 4 hours haemorrhage or
laparotomy) Section of the spinal cord was found to abolish
ACTH secretion in response to a muld stress (injection of
hypertontc saline beneath the skin of the scalp) but a marked
response was still obtamed following a more severe stress (cold)
Likewse rats with diencephalic lesions responded to laparotomy
by release of ACTH

A study of the tume relations of these responses showed that
normal rats gave a marked response (cosinopenia) within one
hour of the stress the response being maximal at the fourth hour
The rats 1n which adrenaline secretion was prevented showed no
response at one hour but a normal response at the fourth hour
Tor this reason Long and his colleagues suggested that a double
mechamism underlies the increased secretion of ACTH fol
lowing stress (a) a quick autonomic reaction depending on reflex
secretton of adrenaline which m turn actnvates the anterior
pitutary and (5) a slower metabolic mechanism probably
dependent on the lowered blood level of adrenal cortical hormone
under conditions of stress and which 1s not abolished by adrenal

demedullation or denervation
In an attempt to localize the site of action of adrenaline 1n
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10 sec fallowing an ntravenous mjection of histamine seems to
exclude the participation of adrenahine n this release A single
rapid intravenous imjection of adrenahine 1s meffective as a
stimulus to A C'T H releasc (Colfer de Groot and Harnis 1950,
Gray and Munson, 1951), and as mentioned above Long et al
found 1ntramuscular infusions of adrenaline were also ineffective
unless continued for more than 15 minutes It 18 difficult to up

hold the claim that adrenal 1s responsible for the
rapid release of A CT H following stress if certain stresses (in
t myection of h ) cause A CT H secretion more
rapidly than nt of adrenal Also the time

)]
peniods given by Gray and Munson would not be sufficient for
histamine to be carnied to and to stmulate some neural mechan

1sm causing adrenahine secretion and for the adrenaline so
released to be airculated to the pitutary It may be mentioned
1n this connection that Munson and Greep (1951) found sntra

penitoneal injection of fustarmne but not adrenaline produced a
marked depletion of adrenal ascorbic acid within 15 minutes
from injection  The most direct approach to this problem has
been recently reported by Vogt (1952) who assaved the plasma
level of adrenaline 1n rats under different circumstances Previous
work by Vogt (19515) mentioned above had shown that emo-
tional stress liberation of A CT H m the rat was reduced but
not abolished by adrenal demedullation The possibihity existed
that the residual release of ACTH by emotion was due to
liberation of adrenaline from some source other than the adrenal

However Vogt assayed the plasma adrenaline of adrenal de

medullated rats exposed to a stress sufficient to cause a fall 1n
adrenal ascorbic acid and found no adrenaline (<o 5 mpgiml Jin
the plasma of these animals  Intramuscular injection of adrena

line 1n amounts hardly sufficient to cause a fall n adrenal
ascorbic acad  produced of adrenahine 1n artersal
plasma of 1~4 5 mpgfml It was possible 1o say then that the
release of A CT H in the group of rats exposed to stress was in
no way dependent on the blood level of adrenaline even though
the speed of release of A CT H 15 so fast that a significant fall in
adrenal ascarbic actd occurred within approuimately 10 minutes

Vogt suggests this rapid release 1s best accounted for by an action

of the stress stmulus mediated through the central nervous
system
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tion of A CT H 1n response to conditions of stress 1s open to
question

(1) As discussed by Sayers (1950) completely sympathectom
1zed ammals may resist many forms of stress almost as well as do
ntact antmals and certamnly more efficiently than adrenalectom
1zed animals

(1) The claim of Long et al that muld stress stimuli no longer
effect A CT H lberation in the absence of adrenaline secretion
has not been confirmed Colfer de Groot and Harns (1950)
observed that the lymphop resp which followed a mld
pain stimulus 1n rabbits was not altered bv adrenal denervation
and Vogt (19515) found that emotronal stress sttmuhi still produce
a fall 1n adrenal ascorbic acid after adrenal demedullation in rats
It 1s difficult to compare ‘mild stress stimuli as applied 1n
different laboratories but the stress used by Vogt (passage of a
rectal thermometer) would appear to be less traumatic than that
used by Long et al (stmulation of the seiatic nerve for 15 mn )

() The claim of Long et al that adrenaline secretion 1s a
necesstty for the quich one hour response following stress stimult
has not been substantiated Vogt (19515) found that the fall
adrenal ascorbic acid that followed emotional stress stimult 1n
adrenal demedullated rats though not so large as 1n normal rats
did occur within the course of one hour Gordon (1950a) has
Iikewise found that insulin histamme and exposure to cold
reduce the ascorbic acid content of the demedullated rat adrenal
within one hour Similarly Hodges (1953) reported the time
relattons of the stress mduced changes in adrenal ascorbic acid
concentration n both adrenal demedullated and normal rats to
be sumilar  These observations however do not eltminate the
possibility that the adrenal medulla normally plays a role 1n the
response to stress but only that 1t does not play a necessary role
To carry the investigation further Hodges studied the amount of
desoxycorticosterone acetate required to block the stress response
1n normal and adrenal demedullated rats He found that the
necessary dose was of the same order 1n the two groups of rats a2
result which indicates that the final stimulus to pituitary secre
tion of A C T H following stress 1s as potent mn the absence of
the adrenal medulla as 1n the normal animal

1) The recent work of Gray and Munson (1951) demonstrat-

ing release of ACT H by the pitustary within 3 5 or at most
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1938} Other workers have found that chrome administration of
desoxycorticosterone acetate also results 1n adrenal atrophy and
will inhibit the hypertrophy of the adrenals which normally fol

lows exposure to a vaniety of stress In more acute experiments
Sayers and Sayers (1947) showed that the fall in adrenal ascorbic
actd which normally follows the application of cold or heat or
the injection of typhoid toxin adrenaline or histamine can be
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Fig 40 D agramllustrating the view of Sayers that the secretion of A C'T H
by the anterior pitwit 1y gland s regulated by the blood level of adrenal cortical
hormones

Stress 1s thonght to act directly on the tissues mcreasing the tissue utidization
of the adrenal cortical hormones so that the level of these substances in the blood
supply ng the pitu tary gland 1s lo vered the eby incre sng the output of
ACTH

prevented by the pretreatment of the amimal with adrenal cor
tical extract or crystalline cortical steroids  Since the effect of
jected A CT H s not modified by admimstration of adrenal
cortical extracts they concluded that the cortical substances act
by inhibiting the release of A CT H from the pitustary gland
Sayers and Sayers (1948) also found a quantitative relationship
to ewtst between the dose of cortical sterord admumstered and the
degree of inhibition exerted on A C T H secretion For example
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In summary there 1s little doubt that a raised blood level of
adrenaline within physiological ltmuts, 1s capable of eliiting an
increase in the rate of secretion of A C T'H and that the removal
of the adrenal medulla results in diminution of ACTH
liberated 1n response to mild stress stimuli  However this
adrenaline mechanism would not appear to be rapid enough to
account for the facts now known regarding the speed of A C T H
release It appears to be a system whereby an already increased
secretion of A C T H, due to stress stimul; actuing through the
central nervous system 1s remnforced

(B) Systemuc blood level of adrenal cortical hormones

It has long been hnown that a2 rectprocal relattonship holds
between the concentration of ovarran and gonadotrophic hor
mones i the blood stream  Admuntstration of oestrogens results
n diminution of gonadotrophic secretion and ovaran atrophy
whilst the ovarian atrophy which occurs at the menopause
results 1n increased urinary excretion of gonadotrophins It 15
now known that a simlar type of relattonship exists between the
adrenal cortex and pituitary secretion of adrenocorticotrophmn
Admunstration of adrenal cortical extracts results 1n diminished
secretion of A C T H and adrenal atrophy whilst exposure of
an antmal to mild or moderate degrees of stress after njection of
adrenal cortical extracts does not result in the usual increased
secretion of A C T H These facts have been utilized by Sayers
(see Sayers 19y0) n support of the view that A C T H secretion
1s regulated by the blood level of the adrenal cortical hormone
Under conditions of stress 1t 1s suggested that the peripheral
tissues utilize adrenal cortical hormones more rapidly that the
blood content of the hormone falls n consequence and this 1n
turn directly stimulates anterior pitustary nissue to secrete in
creased amounts of A C TH This mechamsm 1s deprcted dra
grammaticallyin Fig jo Accordingtothisview then the antenor
pitutary fadrenal cortex forms a self regulating system the bal
ance of which 1s broken mainly by vartations in actity of the
peripheral tissues

There can be no doubt of the vahdity of many of the expen
mental observations upon which this theory 15 founded Ad
munistration of adrenal cortical hormone over a period of days
was shown to cause adrenal atrophy (Ingle, Higgins and Kendail
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1938) Other worhers have found that chrontc admimstration of
desoxycorticosterone acetate also results 1n adrenal atrophy and
will inhibit the hypertrophy of the adrenals which normally fol

lows exposure to a vartety of stress In more acute expeniments
Sayers and Sayers (1947) showed that the fall in adrenal ascorbic
acid which normally follows the application of cold or heat or
the myection of typhoid toxin adrenaline or histamine can be
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Fig 40 Diagram illustrat ng the view of Sayers that the secretion of A C T H
by the anterior pituitary gland s regulated by the blood level of adrenal cortical
hormones

Stress 13 thought to act directly on the t1 sues increasing the tissue utilization
of the adrenat cort cal hormones so that the level of these substances 1n the blood
:lrépl[):mg the pitu taty gland 1s lowered thereby increas ng the output of

H

prevented by the pretreatment of the animal with adrenal cor
tical extract or crystalline cortical steroids Since the effect of
mnjected A C'T H 1s not modified by admunistration of adrenal
cortical extracts they concluded that the cortical substances act
by inhibiting the release of AC T H from the piturtary gland
Sayers and Sayers (1948) also found a quantitative relationship
to exist between the dose of cortical steroid admnistered and the
degree of inhibition exerted on A C T'H secretion For example
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larger amounts of adrenal sterod were required to bloch the
secretion of A C T H 1n response te a moderate stress (injection
of o 5 mg histamine per 100 g of body weight) than to a milder
stress (injection of 0 25 mg histamine per 100 g of body weight)
m the rat Long and his co workers have confirmed many of
these findings Admunistration of adrenal cortical extract pre

vented the usual fall 1n adrenal cholesterol and ascorbic acid of
rats exposed to cold or subjected to unilateral adrenalectomy
(Long 1947) and reduced or prevented the fall in adrenal ascorbic
acd following injection of insulin or adrenaline (Gershberg Fry

Brobeck and Long 1950)

It seems clear then that the mechamism proposed by Sayers
plays some part 1n regulatng A CTH discharge from the
anterior pituitary gland but there are many facts that cannot be
explained on this view alone

1 Anterior piturtary tissue transplanted to a distant site 1n the
body of hypophysectomized animals does not maintain the
adrenal gland 1n a normal state If the only factor responsible for
regulating A C T H discharge was the blood level of adrenal
cortical hormone then a well vascularized transplant should
maintain a normally active adrenal cortex if placed n regions
remote from the sella turcica This 1s not so for as Cheng
Sayers Goodman and Swinyard (1949) found such pitustary
transplants resulted 1n most cases n adrenal glands that were
no larger than those of the hypophysectomized control animals

2 Lattle 1s known regarding the utilization of adrenal cortical
hormone by the peripheral tissues and the few facts which are
available do not support the general view of Sayers Nelson (1952)
has developed a method for determimung the 17 hydroxycortico
steroid level i peripheral blood samples Examination of a large
series of arteral and venous blood samples obtained simultane
ously failed 1o reveal any artersal yenous difference 1n concentra
tions of 17 hydroxycorticosterord A small number of stmlar

ples ob d from t d or d d limbs also failed
to show any arterial venous difference mn the sterotd level It
may be argued however that the method of assay was not sen
sttive to detect differences that were of physiological importance
More difficult to explain 1s the fact that the blood level of 17
hydroxycomcosteroxd rises after shoch therapy in mental cases
and that the nse 1s immedsate (wathin 5§ minutes) without any
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sign of a prelumnary fall These observations are reinforced by
those of Weichselbaum Margraf and Elman (1953) that opera
tre trauma m the human results 1n a rarsed blood corticoid con-
centration and of Hardy Richardson and Dehan (19,3) that
major operations 1n man are followed by markedly increased
amounts of 17 hydroxycorticoids 1n the urine  Franksson Gem

zell and v Euler {1954) made a detailed study of the 17

hydroxycorticosteroid blood levels and the catechol amne out-
put 1n the unne 1 a group of patients undergomng major opera

trons or that had suffered traumatic iqjuries  They found that
all cases showed an elesated blood level of corticosteroids 1m

mediately following operation and for the ensuing 38 hours

Their data showed that this nise could occur without any accom

panymg secretion of adrenaline These results are difficult to
explain on the Sayers s hypothesis or on the adrenaline theory of
Long

3 Blood from the aorta eventually supples both the pen-
pheral tissues and the pitustary gland Therefore under condt
trons of prolonged stress the peripheral tissues could not recerve
an increased supply of adrenal cortical hormones for the p1 uttary
gland would also recens e the same increased supply which would
m turn reduce the output of A C T H and so of adrenal cortical
hormones That the blood level of adrenal cortical hormones
may remain elevated under such conditions 15 rendered very
probable by the fact that the urinary excretion of cortical hor
mones may be markedly elevated for three weeks or longer after
trauma (Venming and Browne 194g)

4 The time relations found by Gray and Munson (1g,1)
mentioned above that ACTH secretion elicited by intra
venous mjection of histamine starts within 3-10 sec 1s very
difficult to understand on this vien

5 Bush Eik Nes and Samuels (19,3) working on dogs found
that dilution of the carotid blood by intra artersal infusion with
warm saline resulted 1 a fall ;n pritwitary ACTH discharge
nstead of a rise

6 The fact that mjectton of adrenal cortical extract fails to
prevent the release of A CT H that follows certamn stresse
(infection with B tularense i rats Pinchot Close and Long
1949 fasting m guinea pigs D Angelo Gordon and Charipper
1948 1njection of large doses of histamine 1n rats Sayers and
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Sayers, 1947 exposure to cold 1njection of histamine trauma
and audiogenic stimulation Fortier Yrarrazaval and Selye
1951) argues agamnst this humoral regulation of A C T'H being
the only mechanism involved

7 The recent observations of Sydnor and Sayers (see Sayers
1954) on the A C T H levels 1n the blood of adrenalectomized
rats affords the most convincing proof that under certan circum
stances the stimulus of stress to increase A C T H secretion
involves neither the blood level of the adrenal cortical hormone
nor adrenal medullary hormone Sydnor and Sayers found that
the already high blood level of A C T H of the adrenalectomized
animal could be raised still higher by stress

In summary 1t may be stated that the evidence ts mcontrovert
1ble that the blood level of adrenal cortical hormone mfluences
the rate of secretion of A C T H 1n the same way that the blood
level of thyrowne affects T S H secretion and of oestrogen
affects gonadotrophic secretion Probably these reactions form
neither the main stimulus to the secretion of the pitustary trophic
hormones under optimum conditions nor the stimulus to changes
1n secretory rate under conditions of emergency or stress It
seems more likely that this mechanism normally acts to set a more
constant base line level of secretion against the bachground of
which other factors adjust pituitary activity according to the
needs of the organism

(C) Hypothalamic control

The simple experiment of removing the pitustary gland from
the sella turcica and transplanting 1t to another site m the body
demonstrates clearly the fundamental role played by the hypo
thalamus 1n maintaining anterior pitutary activity  If the trans
planted tissue 1s placed 1 a site remote from the sella turcica
partial or complete atrophy of the adrenal cortex ovaries and
thyrotd gland occurs (see Chapter 3) If however the trans
planted tissue 1s placed 1n the vicimty of the hypothalamus and
pituttary stalk then regeneration of the hypophysial portal vessels
occurs and anterior pituttary function returns as shown by the
maintenance of normal reproductise organs adrenal and thyroid
glands (Harris and Jacobsohn 1952)

In 1950 de Groot and Harns suggested that some neural

1 1n the hypothal 1s largely responstble for mamn
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taiming and regulating the secretion of A C T H by the adeno-
hypophysis [hey postulated that hypothalamic nerve fibres
hberate some chemucal transmutter into the hypophysial portal
vessels which 1s carned to the antertor pituitary gland to exert a
specific influence over the activity of the gland This view 1s
expressed diagrammatically in Tig 41

Stresy

Hypothatamus

Mamemillary
Hypophysial portal body
vessels in zona
tuberal s of
anterior p tu tary

Ad enal
cortex

{

Lymphopenia

Fig 41 Dugram represent ng the view that the secretion of ACTH s
lled by the hypoth through the med of the portal vessels
Electrical simutat on of the h Tesults na whereas
blateral lesions placed at ths s te prevent the lympt opensa that normally
foflows emotional stress Electrical st mulation of the zona tuberal s does not
excite a lymphopensa_though les ans here abolish the response that normally
follows emotional stress
£
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The experimental basis for the suggestion 1s as follows
Colfer de Groot and Harns (1950) found that the rabbit reacted
as other forms in that emotional stress stimult such as restraint
or subcutaneous faradism evoke a lymphopemia  Hypophysec
tomy abolished this response to stress though injection of
A CTH was still followed by a lymphopenia i the hypophy
sectomized ammal There was then available for mvestigation a
reaction which could be indicated emotional stress — antertor
pituitary gland — adrenal cortex — lymphopema To see
whether AC T H secretion could be evoked by electrical stimu
fation of the hypothalamus de Groot and Harris (1950) used the
remote control techmque with the primary cotl enlarged to sur
round the cage containing the animal (see Chapter 4) Thus the
animal was not anaesthetized and was not subjected to concur
rent emotional stress during the periods of stimulation It was
found that stimulation of the posterior region of the tuber ciner
eum or mammullary body resulted 1n a lymphopenia that was
simlar i time relation and magmtude to that followmng an
emotional stress stimulus or intravenous tnjection of an appro
priate dose of AC IT'H Stimulation of other regions in the
hypothal (1ncluding the supraopticohypophysial tract 1n the
anterror part of the median emnence) and pituttary gland (pars
and zona tuberalis pars distalis pars intermedia and infund:
bular stem) did not elicrt the response Results which are in the
main similar to these have been obtained by Hume and Witten
stemn (1950) by remote control stimulation of the hypothat
of the unanaesthetized dog (see also Hume 1952) Using the
eosmophile count as an indication of A C T H release they
reported that sttimulation of the anterior hypothalamus resulted
mA CTH secretion in the intact or completely sympathectom
1zed dog This latter observation ehminated the posstbility that
the stimulus was acting by exciting the secretion of adrenaline
More recently Hume (1953) has reported that the stimulation of
the posterior tuber cinereum of the hypothalamus of dogs also
results mn an eosinopenta  Porter (1953 and 1954) working with
the cat and monkey found that sumulation of the mammullary
bodies or posterior tuber cinereum (but not of the antenior hypo
thalamus) results 1n an eostnopenia  There can be httle doubt
that the posterior hypothalamus 1s 1n some way functionally
related to the secretion of ACTH




Hypothalamec control 121

The effect of hvpothalamic lessons on the reflex actvation of
ACTH secretion in respanse to stress shmuli have now been
studied by several groups de Groot and Harns (1950) found
that bilateral electrolytic lesions placed 1n the mammnllary body
or postenor part of the tuber cinereum reduced or abolished the
P i stress  Single mudhne
!esmns placed 10 vanous parts of the piturtary gland had no effect
on the lymphopenic response to such stress with the exception
of those lesions that destroyed the zona tuberahs at the antenor
pole of the gland (the part of the glind traversed by the portal
wessels 1n passing from the tuber aneseum to the roam raass of
the anterior prtwitary) Thus latter finding had espectal interest
in1iew of the fact that electnical sumulation of the zona tuberahs
had faled to give any sign of A CT H release The conclusion
drawn was that stimulation or fesions 10 the hypothalamus were
affecting nerve fibres wheteas 1n the zona tuberalis the effective
structures were the hypophvsal portal vessels which may be
mterrupted by an electrolytic lesion but are not affected by elec
trical sumulatton  Hume and Wittenstesn {1950} Hume (1952
193,) and Long and his co workers (see Brobeck 1gs2) have also
reported that hypothalamac lesions dimimish or abolishAC'T H
secrenion 1n response to stress  No detalled publication of the
findings of Long et al have vet appeared though the results have
been nterpreted by these workers as due to interference with the
neural mechantsm concerned with adrenaline secretion  Work
g on dogs Hume and Wuttenstein {1950) found paramedian
lesions 1n the antenor hypothalamue and at the junction of the
muddie and posterior hvpothalamus abolished the stress release
of ACTH though Hume (1952) later reported that the an
tertor part of the median eminence was the most effective loca
tion  In some of huis animals 1 which the stress response was
abohshed the lessons slso extended wmto the postenor tuber
omereum and mammallary bodies {see Tag 5 Hume 1952)
Ganong and Hume {1954) have also found that lesions of the
medman eminence 1 dogs abobsh the adrenal hypertrophy that
normally follows trauma ot unilaterat adrenalectomy  Thev noted
that such fesions do not 1n themselves result w adrenal ateophy
Other workers are 1n good general agreement that lesions 1n the
floor of the third ventmele (median eminence postenior tuber
cinereum or mammullary bodies) may abolish the dischasge of
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The experimental basis for the suggestion 1s as follows
Colfer de Groot and Harnis (1950) found that the rabbat reacted
as other forms in that emotional stress stimuli, such as restrant
or subcutaneous faradism, evoke a lymphopenia Hypophysec
tomy abolished this response to stress though mnjection of
A CTH was still folloned by a lymphopen:a 1n the hypophy
sectormzed amimal There was then avarilable for investigation a
reaction which could be indicated emotional stress — anterior
prturtary gland — adrenal cortex — lymphopema To see
whether A C T H secrenion could be evoked by electrical shmu
lation of the hypothalamus de Groot and Harns (1950) used the
remote control technique with the primary coil enlarged to sur
round the cage containing the animal (see Chapter 4) Thus the
ammal was not anaesthetized and was not subjected to concur
rent emotional stress dunng the periods of stimulatton It was
found that sttmulation of the posterior region of the tuber ciner-
eum or mammillary body resulted in a lymphopenia that was
similar 1in time relation and magmtude to that following 2n
emotional stress stimulus or 1ntravenous myection of an appro
prate dose of ACTH Stimulation of other regions 1 the
hypothalamus (including the supraopticohy pophysial tract 1n the
anterior part of the median eminence) and piturtary gland (pars
and zona tuberalis pars distahs pars intermedia and infundi
bular stem) did not eltert the response  Results whrch are 1n the
main stmilar to these have been obtamed by Hume and Witten
sten (1950) by remote control sttmulation of the hypothalamus
of the unanaesthetized dog (see also Hume 1952) Using the
eostnophile count as an indication of ACT H release they
reported that stmulation of the anterior hypothalamus resulted
i A C T H secretion 1n the intact or completely sympathectom
1zed dog Thus latter observation eliminated the possibility that
the stimulus was acting by exciting the secretion of adrenaline
More recently Hume (19,3) has reported that the sumulation of
the postenior tuber cinereum of the hypothalamus of dogs also
results 1n an cosinopenia  Porter (1953 and 1954) working with
the cat and monkey, found that stunul of the Ilary
bodies or posterior tuber cinereum {but not of the anterior hypo
thalamus) results 1n an eostnopenia There can be lntle doubt
that the posterior hypothalamus 1s i some way functionally
related to the secretion of ACTH
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tion of a fimb was found to abolish the effect of operative trauma
n caustng A C'TH discharge, although severe scalds or burn
ing of a denervated imb still resulted 1n antenior pitwitary actina
tion (Gordon 19505 Hume 1053) The work of Porter (1952
1954) 1s also compatible with the view that systemuc stresses
need an intact hvpothalamus to mediate discharge of ACTH
Working on cats and monheys, under cyclopropane anaesthesia
Porter was able to demonstrate 2 matked increase 1n the electrical
actvity of the posterior hypothalaraus at the level of the mammi
lary bodies follawing a systermc stress stimulus {injection of
adrenaline or wsulin or conditions of hypova} The more
recent abservattons of Bomallet Dell and Hiebel (1954) throw
doubt on the speafiety of this hyvpothalamic response  Also
recent unpubtished work (Fortier Harnis McDonald—see Har
115, 1953) has shown that pituntary stalk section o the rabhit
results 1n marked adrenal atrophv and in the loss of the normal
ACTH discharge i response to the stress of restramt or cold
exposure  whilst of or 1 still
results 1n a lymphopema ar reduction of adrenal ascotbic actd
These data are 1n line with Fortier s oniginal thests However
these results could also be explamed on the assumption that all
stress stimuls act through the nervous systen and that intense
stimult are capable of causing the iberation of sufficient humoral
transmutter from the median eminence into the systemic circula-
tion to excite the isolated or stalk cut pitwtary gland  “Thus
view seems unlikely on the grounds that any humoral transmatter
normally carned by the portal vessels would be so diluted 1n the
systemic arculation as to be unable to produce any effect on
piturtary cells The results of Lvnch Keller Batsel Watt and
Galvin (19y2) that removal of the proximal part of the preurtary
stalk and the ventral half of the hypothalamus (including the
median emnence) does not prevent an eosinopenic response fol
lowing surgical trauma 1 dogs also argues against this posst
bilty  As a working hypothesis for the present 1t 1s felt that
stresses mav be divided 1nto two types  Farstly neural stresses —
mncluding the magority of stimult arsing m the external enviton-
ment—which act through the central nervous system and vessels
of the pnunary stalk to cause pituitary discharge of ACTH
and st hich nclude those noxious
stumult that result n tisue damage or metabolic disturbance~




122 Regulation of A C T H secretion

ACTH following stress For example McCann (1953) and
Laqueur McCann Schremer Rosemberg, Anderson and Riach
(1953) working on the rat and cat respectively found that lesions
in the basal infundibular hypott d 1 or abolished
the adrenal cortical response to injectton of adrenaline or opera
tive trauma  Lesions in the llary bodies were d
with normal eosinopenic responses to stress Porter (1953 and
1954) using cats and monkeys, found that lesions of the postenor
tuber cinereum and mammullary bodies prevented the eostnopenic
response to injections of adrenaline formalin and histamine in
cats, and to adrenaline histamine and surgical trauma m mon
keys This localization of the actrve area 1s 1n good agreement
with the findings denved from electrical sumulation of these
regions

From the results of experiments involving electrical stimula
tion or lesions 1t seems probable that the hypothalamus 1s in
volved in the transmission of the smulus of stress to the antertor
pituitary gland It 1s not yet clear though whether all types of
stress act1n this or only in this manner Fortier (1951) on the
results of his experiments on pituitary transplants divided
stresses mnto two groups (a) systemic (snjection of adrenaline or
histamine exposure to cold) and (8) neurotropic (exposure to
loud sounds immobilization) According to this worker sys
temic stresses elicit A CT H distharge by an action on the
anterior pituitary via the general blood stream and neurotropic
stresses requure the mediation of the central nervous system in
order to effect AC T H release This view 1s partly opposed
and partly supported by more recent findings Several invest:
gators have reported that hypothalaric lestons may block the
release of ACTH to Fortiers systemic type of stress For
example, the release of AC T H which follows imjection of
adrenaline was found absent after the placement of various hype
thalamic lestons (Hume 1952 McCann 1953 Porter 1953 and
1954 Laqueur etal 1953) Also Briggs and Munson (1954) have
reported that the discharge of A C T H that follows mngection of
adrenaline or surgial trauma 1s very largely 1f not completely
abolished by pretreatment of rats with morphine  Morphine was
shown not to interfere with the normal response to exogenous
ACTH and it scems probable that it exerts the above action
by snibiting some reflex nervous excitation Further denena
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sinusord like connections become re established across a cleanly
divided pitustary stalk with rapidity (within a few days m the
case of the rat) and m a high proportion of cases  In view of these
findings the sigmficance of many early expenments dealing with
stall section 1s doubtful Beanng these pownts in mind a search
of the lterature has failed to reveal any reliable data indicating
normal secretion of ACT H (or other anterior pituttary hor

mone) under basal or stress conditions 1n the absence of hvpo

physial portal vessels ¢ the median and anter-
101 prturtary gland  Sumlar observations may be made in regard
to the adrenocorticotrophic function of anterior pituitary trans

plants and grafts in hypophysectomized antmals  Adrenal glands
ot normal size weight and histology have only been observed 1n
such ammals when the graft 1s placed under the median ermn-~
ence or cut preurtary stalh and when it s vascularized by

regenerated portal vessels

(D) Participation of the cerebral cortex in regulating
ACTH secretion

It has seemed probable for some tme that the cerebral cortex
1s m some way concerned with the rate of release of ACTH
since states of emotional stress such as anxiety wotry or exaite-
ment are potent stmult 1n increasing the secretion of this hor
mone Only recently has direct evidence been forthcomng
regarding this refationship of the cerebral cortex Porter {1954)
has reported the following observations made on monkeys
anaesthetized with cyelopropane

1 Stress stmult which increased the electrical activity of the
tuberal and mamliary regions of the hypothalamus activated
also the anterior nucleus of the thalamus and the anterior cingu
late gyrus  The increased activity of these regions was dependent
on the pre ence of an ntact hypothalamus The probable correla
1100 was drawn between these findings and the welf established
anatomical paths knking the mammillary bodies anterior nucler
of the thataraus and the anterior cingulate gyrus

2 Electrical stmulation of the orbital surface of the frontal
lobe resulted n 2 marked eosimpenta

3 Electrical 1 1 the h { region n par

P
ticular the uncus mhxb\ted the eosmcpema which normally fol

lowed of line or op travma
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that normally act botk through the nervous system and by pro
ducing changes n blood chemustry

The pathway by which a stimulus passes from the hypo
thalamus to the anterior pituitary appears to be by means of the
hypophysial portal vessels The work quoted aboie on the
adrenocorticotrophic activity of different types of anterior pieust
ary transplants and grafts renders this view most probable as
does the work of de Groot (1952) who studied the effect of
different types of stress stimuli at varying pertods after cutting
the pituitary stalk in mice  de Groot found that mice respond to
a stress stimulus with a lymphopenia most marked at the third
hour after the stimulus  Following simple section of the pituitary
stalk this lymphopenic response was temporanly abolished but
slowly re estabhshed between the 6th and 15th day after opera
tion  Histological study of the prawtary stalk of these animals
made after vascular perfusion with indian ink and senal section
ing of the hypothalamic prtutary region revealed that the hypo
physial portal vessels regenerate across the site of the stalk
section 1n a manner stmilar to that seen 1n rats and monkeys and
that the magnitude of the Iymphopenic response to stress could
be correlated with the degree of vascular regeneration In a
further series of animals section of the pitutary stalh with the
placement of a waxed paper plate between the cut ends was
found to abolssh the lymphopenic response to stress for the dura
tion of the experiment (11 days) Marked atrophy of the adrenal
glands was also noted provided the plate was in a position to
prevent portal vessel regeneration These expersments indicate
that the increased release of ACTH 1 response to stress
stumuli requires an ntact vascular connection between the
median eminence and the antenor pituitary

The view that the hypothalamus controls release of AC T H
by means of the hypophysial portal vessels has been criticized on
the grounds that section of the pitwitary stalk or hypophysectomy
with transplantation of the anterior pitustary gland to 2 site
remote from the sella turcica does not abohsh all signs of
A C T H secretion In considering results based on expeniments
involving section of the pitustary stalk attention should be pard
to the possibility of regeneration of the portal vessels  Such re
generation has now been observed 1n the mouse rat rabbit
ferret and monkey and 1t may be suid that capillary and large
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(1) Under o g ! conds the mam lus to
ACTH secretion appears to be some hypothalamic  drive
mediated via the hypophysal pertal vessels {data derived from
hypophysial tranaplants and grafts) ‘The systemuc blood con
centraton of adrenal cortical hormene probably helps maintain
a more constant basal secretion of ACTH

(2) Under conditions of stress it seems Dikely that one or both of
two mechanisms may be brought into play Frrstly, what may
be called neural stress stunuli appear to excite A CT H libera
tion by means of nervous reflex paths acting through the hype
thalamus and hypophysal portal vessels And sccondly sys
temic stresses that cause ussue damage or metabolic changes
probably excite A C'T H discharge both by neural reflex activa
tion of the hypothat and by d n the
cherustry of the systemic bload \vh\ch m tum affects patwtary
nissue directly It 1s probable that release of adremaline may play
a subsmidiary role 1 exeiting A C T H release  There are few
data concerning the penpheral utilization of adrenal cortical
hormone what data are available indscate that vanations m blood
level of adrenal corueal hormone do not play a part in the stress
mduced secreion of ACTH

Fortrer {p 1 ggests that the function

of the ptutary stalk so far as the pnmtary adrenal axts 1s con
cerned 15 ta form the cannecting link between the external en
wvironment and central nervous system on the one hand and the
anterior puwtary gland on the other The adrenal cortseal
atrophy that follows pitustary stalk section he suggests may be
explaned as due to the removal of tomic environmental stimul
which pormally act to mamtam A CTH secretion
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These findings awat confirmation  Therr possible sigmificance
for psychiatry, and for neurcendocrine relations 1n general, 15
obvious and 1t 15 to be hoped that further information may be
obtained i the near future on unanaesthetized ammals

(E) Conclustons regarding the control of ACTH secre-
tion
The most likely view, at the present time concerming the
factors regulating A C'T H secretion are represented diagram
matically 1n Fig 42
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2 (a) Factors regulating the basal quiescent secretion of ACTH
{;‘)g l?lct((n: responsible for the increased discharge of AC T H under
ful condiions Under these circumstances two components appear 1o
pituitary exciation a neural component acting through the
component acting through the system ¢ blood

stress!
play a part in
pituttary stalk and a systemic
supply of the gland
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CHAPTER 6

REGULATION OF THE SECRETION OF THE
THYROTROPHIC, LACTOGENIC AND
GROWTH HORMONES

TuyroTrOPHIC HORMONE (T S H )

(A) Thyroid activity and the central nervous system

(1) Chnical data  Ever since the first description of Graves
disease by Parry (1825) and Graves (1835) psychic trauma has
recerved prominence as an mmportant factor preceding the onset
of this condition The correlation between emotional shock and
the onset of hyperthyroidism has been desenibed many times
Lidz and Whitehorn (1950) have recently attempted to analyse
the type of emotional disturbance 1nvolved and conclude that
Graves disease frequently occurs 1n individuals that are highly
dependent on interpersonal relationships for their secunty and
that disruption or the threat of disruption of such relationship 1s
apt to precipitate the disease In spite of so many accounts
emphasizing the importance of emotional stress 1t 1s perhaps wise
not to accept the fact as firmly established since comparable
control sertes of cases have rarely been published However the
view is often expressed that the overactivity of the thyrord s
secondary to anterior prtuitary stimulation which 1s in turn
probably related to some disturbance in the hypothalamus
(Thompson 1948) The view 1s implicit in the writings of many
chincrans that an emotional shock has resulted 1n nervous reflex
stimulation of prtuitary thyrotrophic hormone and that this 1s at
least a precipitating cause of the hyperthyrordism

(n) Expertmental data  Experimental work has demonstrated
clearly an effect of central nervous activity and stress on the
thyroid gland The well known adjustments of thyroid actraty
to changes 1 the environmental temperature are 1n all probabil
1ty mediated at least 1in part through the nervous system The
effect of increased or decreased exposure to hght i varying the
actrvity of the thyroid (Puntniano and Meites 1951) and the
evidence that cottus stimulates the release of thyrotrophin in the

132
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rabbit (Saxton and Greene 1942) mught be taken to indicate a
neural mfiuence over thyroid activity

In most recent work radioactive iodme has been used to
measure the actwvity of the thyroid gland  Following an injection
of 131 the 1odine diffuses into the tissue spaces of the body 1s
tahen up by the thyroud gland and 1s excreted by the kidney
Forty exght hours after an injection of a tracer dose of [ (into
a rabbut) the tissue flurd blood and urine content have fallen to
neghgible values and the only organ mn the body containing
appreciable amounts 1s the thyrotd gland which contains 1311 1n
organic combimation A few hours after the imtial injection the
thyroud starts secreting radioactive hormene into the blood This
hormone 1s m the form of an orgamic compound and 1s often
referred to as the blood protein bound 1odine or PBI
Two stmple methods are available for assessing thyroid actraty
using 1311 Firstly the rate at which the thyreid takes up radio
1odme from the blood may be measured and secondly the rate
at which radioactive hormone 15 lost from the gland may be
studied Such techniques are applicable to intact
amimals and examples will be briefly mentioned

The rate of uptake of ***I The rate at which the thyroid gland
extracts radio 1odine from the blood will depend not only on
thyroid actimity but also on the tissue fluid space the rate of
renal excretion of 10dine and on the blood level of 1 7 This
latter will 1n turn depend on the general odine level of the diet
It1stherefore necessary to perform measurements on thyroid 1311
uptake on ammals under standardized conditions of environ
mental temperature and lighting and on a constant diet Fur
ther if the thyroid content of 1311 15 taken to reflect the total
amount of 3] removed from the blood 1t 15 necessary to com
plete the measurements within 1-2 hours since after this trme
131] will begin to be lost from the gland as radioactive hormone
Brown Grant and Gibson (unpublished observations) have
recently used a saintillation counter and a rate meter for obtain
ng repeated measurements of the radicactive 1odine content of
the thyroid glands of rabbits following 1nyection of a tracer dose
of 1311 The ammals were immobilized 1n 2 hammaock and the
counter arranged m a constant geometric relationship to the
gland In this way curves as illustrated in Fig 43 have been
obtained It may be seen (Fig 43a) that injection of 311 into 2
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thyroidectonuzed rabbit results m the recording of a steady level
of radioactivity from the thyrod regron  Reference to the con
trol experiments depicted in Figs 435 ¢ d, shows that in the
normal rabbit a steady nerease of radioactivity 1n the thyrord
region follows injection of radio todine The rate of this 131
uptake 15 decreased by hypophysectomy (Fig 435) or previous
admrnistration of thyrovine (Fig 43¢} and increased by njection
of thyrotrophic hormone (Fig 43d) In order to make this
method independent of the exact dose of 1] grven or of changes
1n renal excretion of *3!1 senal blood samples were tahen and the
radioactvity of these samples measured These data enable
figures to be obtamed for the thyroid clearance of blood radio
1odine as indicated 1n Figs 43¢ and d

The rate of release of radioactive hormone In 19,1 three
groups of workers (Wolff rgs5r Albert 195t Perry 1gsra)
published a method of measuring thyrod activity by studying
the rate of loss of arganically bound 3!I from the thyraid gland
of rats  In a study of the factors which modify thyroid actity
Brown Grant, von Euler Harns and Reichlin (1954) have made
use of measurements of the output of 13! from the thyroid gland
of the rabbit The thyroid radio 1odine was measured twice
daily by placing the ammal ( hetized) sna h A with
the thyroid region of the nech n a constant relationship to 2
Geiger Muller tube On plotting the log of the nech counts so
obtamned against time a straight hne relationship was found
(Fig 44a) The slope of this line 1s proportional to the

amount of hormone secreted per unit trme
amount of hormone wn the gland

Providing therefore that the total amount of hormone m the
gland yemains constant the slope of the curve may be tahen as
related to the amount of hormone secreted per umt time that 1s
to thyroid activity  One minor error exists in the fact that radio
active hormone 1s partly degraded wath liberation of 13 and
that a proportion of this radio 1odie 15 re accumulated by the
thyroid However a detailed study showed that under normal
circumstances only about 10 per cent of the radioactisty lost
from the thyroid 1n any one day is re accumulated as 81
Brown Grant et al submutted rabbits to a vanety of procedures
known to affect thyroid activity and observed the effects on such
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output cunes It was found that cold usually (but not atways)
aceelerated the rate of loss of radw wdine myection of TS H
accelerated and ingection of thyroune or hypophysectomy n
tubsted such loss (see Tigs 448 ¢ d ¢} Fig 44f shows the effect
of admunstration of thyrotrophic hormone on the very slow rate
of release of thyrawdal M1 of the hypophysectormzed antmal
Methods based on the measurement of thyrod cutput of 231
have several advantages aver methods based on thyroud uptake
of 3341 in that they give a measure of slaw changes in thyrowd
activity that they are less dependent on changes ta the level of
1177 10 the blood or on changes 1 renal excretion of wdme and
that each experiment 1s of sufficient duration to allew control and
expenimental periads of observation

The effect of novious or stressful sumult on thyroid activity
has been the subject of many studies  Most workezs have found
that vanied types of stress wall duminush the uptake of radivactinve
1odine by the thyrord glands of rats (Withams Jaffe and hemp
1949 Paschlus Cantarow Fberhard and Boyle rg9go Bogoroch
and Tiouras 1951 Middlesworth and Berry 1957 and others)
The stress sumufus used tn these expeniments was of varted types
(ingection of adrenaline or typhoid vacomne trauma mjection of
formahn anoxa stanation cervical cordotomy forced muscular
exercise) but all are reported to nbubrt the uptake of 1311 by the
thyrosd gland However observations made only on the uptake
of thyrosdal 1911 may be musleading wn this respect since 1t 1s
known that stress leads to adrenal cortical actnation and that
stress or admumstration of cortisone {Bogoroch and Tumras
1951 Ingbar rgs3) tncrease the rate of renal excretion of radio
wodine Such changes in renal excrevion mught lead to a decreased
thyroid uptake of *1 that does not reflect dsmmshed thyroid
attnity  However Gibson Harns and Skynner (unpublished)
have found that prolonged (36-44 hr} emotwonal stress n
rabbus produced b results m a d d MY
take and also decreased clearance of blood ¥!I by the thyrosd
Fig 430)

A detaded study of the effect of emotional and physieal
stresses on thyrod activity of the rabbit have been made by
Brown Grant Harns and Rewchlin (1954a) using measurements
of the rate of release of thyroidal ™1 In these expenments 1t
was found that rabbits subjected to emotional stress (¢48-hr
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pertods of restraint produced by tying the animal s back legs to
gether or to the side of the cage placing the animal 1n a small
cage that 1s then replaced n the animal s usual cage varying the
conditions of environmental lighting or by administering infre
quent subcutaneous faradic shocks) or to physical or systemic
stress (injection of irntating solution into the pertoneal cavity,
haemorrhage or laparotomy) consistently resulted 1n thyroid 1n
hibition (Fig 45 b and ¢) These changes in thyrord secretory
rate were similar to those obtaimed after 1njection of thyroxine 1n
that they occurred after a short latent period of, at most a few
hours It was noticed that prolonged application of a
emotional stress stimulus often resulted in thyrord ‘escape
from the inhibition and that adaptation mught also follow if
some emotional stimuli were repeatedly applied 1n sub
experiments These results, and those quoted above demon
strate that the thyrod gland reacts quickly and in a labile manner
to external sumuli The fact that 1t may react rapidly to mild
emotional stimuli suggests that in some way the activity of the
thyroid 1s influenced by the central nervous system

In view of the above results it1s difficult to explain the findings
of Kracht and kracht (1952) and hracht (1954) who described
a condition of fright thyrotovicosts occurning in wild rabbits
brought into captivity These findings have not been confirmed
however Brown Grant Harris and Reichlin (1954a) reported
that wild rabbits caught tn nets and brought into captivity re
mamed healthy and did not develop any signs of hyperthyroid
ssm  On subjecting these animals to restramt an mhibition of
131 release was observed in these as in tame, rabbits

(B) Pathway of central nervous tnfluence over thyroid
actrvity

There are at least three possible pathways by which emotional
stress and central nervous activity may affect the thyroid gland

(1) Cereical sympathetic system  The thyrod gland receves
nerve fibres from the cervical sympathetic system and the vagi
(v1a the laryngeal nerves) (Nomdez 1931 Ross and Moorhouse
1938) The site of ending of these fibres 15 doubtful In spite of
descriptions that ndnvadual follicplar cells of the gland are sur
rounded by nerve nets (Sunder Plassman 1934) the overall
evidence seems to be against the presence of such structures
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{Nomdez 1935) Holmgren and Naumann {1949) studied the
nerves m the thyroid glands of guinea pigs after staining with
methylene blue or sther methods They deseribe pernvascular
plexuses interfoliicular plexuses and myehmated Sbres running
through the parenchyma mostly of sympathetic ongin  No
direct contact between nerve fibres and epithelial cefls was
observed Vagotomy or sympathectomy did not affect the hesght
of the follicular cells the hustology of the gland or the response to
thyrotrophic hormone There are many papers in the literature
of thirty to forty years ago dealing with the effects of section of
or sumulation of the cenvical sympathetic systern an thyrod
actnaty  Changes n thyrowd hustology 1 the output of hormone
as measured m thyroid venous blood and 1 metabohn rate were
studied following these procedures Looking bach at this work
from the vantage pont of fater years the results obtamed appear
10 be of doubtful significance Much discussion centred at one
nme around the resufts reported by Cannon Binger and Futz
{1915) and Cannon and Fitz (1g16) These workers described 2
state i cats resembling Graves disease m man that eccurred
following anastomosts of the central end of the cut phremic terve
with the distal end of the cervical sympathetic trunk.  Later
worbers were unable to repeat these results and w further
studies Friedgood and Cannon (rg40) ebtamed a simlar effect
m only 2 out of 28 cats  In thss account Friedgoad and Cannon
remark that the balance of evidence s considerably agamnst any
direct secretory nerves to the thyroid and that the changes
observed may have been due to sasomotor changes ar possibly
alterations w piatary actisaty  Sundar viens are expressed on
the whole by Friedgood and Bevin (1939) Ustila (x93g2) Brock
Doty Krasno and Ivy (1940) and Lowe Ivy and Brock {1045)
who investigated the relationship berneen the cervical sym
pathetic system and the thyrowd gland

The usual mhubition of thyroid actvity produced by stress
stimult occurs in rabhuts that have been subjected to bilateral
stellate ganglonectomy {Brown Grant et al  19540) {Fig 456}
This finding indieates that the mhubitory effect of stress 1s not
mediated by 2 sympathetic neeve supply to the thyrod gland

Drata derved from studies of thyrowd transplants also demon
Strate the fact that 2 nerve supply 15 not essential for the normal
fanction of this gland
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perods of restramnt produced by tymg the animal s back legs to
gether or to the side of the cage placing the ammal 1 a small
cage that 1s then replaced m the amimal s usual cage varying the
conditions of environmental lighting or by administering nfre
quent subcutaneous faradic shocks) or to physical or systemic
stress (injection of irntating solution 1nto the perstoneal cavity,
haemorrhage or laparotomy) consistently resulted in thyrord in
hubtion (Fig 45 b and ¢) These changes 1n thyroid secretory
rate were sumlar to those obtained after tjection of thyroxine m
that they occurred after a short latent period of, at most a few
hours It was noticed that prolonged application of a constant
emottonal stress stumulus often resulted m thyrod escape
from the mhibition and that adaptation mght also follow 1f
some emotional stimull were repeatedly applied in subseq
experiments These results and those quoted above demon
strate that the thyroid gland reacts quickly and 1n a labile manner
to external stmuli The fact that 1t may react rapidly to mild
emotional stimuli suggests that in some way the activity of the
thyroid 1s influenced by the central nervous system

In view of the above results it 1s difficult to explain the findings
of Kracht and Kracht (1952) and Kracht (1954) who described
a condition of fright thyrotoxicosis occurning in wild rabbits
brought into captivity  These findings have not been confirmed
however Brown Grant Harns and Reichlin (1954a) reported
that wild rabbits caught in nets and brought into captisity re
matned healthy and did not develop any signs of hyperthyrord
1sm  On subjecting these animals to restrant an mbition of
131] release was observed in these as in tame rabbits

(B) Pathway of central nervous influence over thyroid
activity

There are at least three possible pathways by which emotional
stress and central nervous activity may affect the thyroid gland

(1) Ceruical sympathetic system The thyrord gland receives
nerve fibres from the cervical sympathetic system and the vag
(v1a the laryngeal nerves) (Nonidez 1931 Ross and Moorhouse
1938) The site of ending of these fibres 1s doubtful In spite of
descriptions that individual follicular cells of the gland are sur
rounded by nerve nets (Sunder Plassman 1934) the overall
evidence seems to be against the presence of such structures
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(1) C N S — Adrenal gland— Thyroid  Since conditions of
stress are known to excite secretory actiity of the adrenal
medulla and cortex 1t 15 possible that the thyroid nhibition
oceurning under the same circumstances 1s secondary to and
dependent on an increased blood level of adrenaline or adrenal
cortical hormone There 1s certainly evidence that wjection of
adrenaline A CT H or cortisone will reduce the uptake of 131]
by the thyrord glands of rats or man (Williams Jaffe and hemp
1949, Soffer Gabrilove and Jaler 1949 Money Kirschner
Krantz Mernill and Rawson 1950 Reiss Riggs Thorn and
Forsham 1950 Money Kramntz Fager Karschner and Rawson
1951 Berson and Yalow 1952 and others) So marhed 1s this
effect that administration of A C T H and cortisone has been
tried as a therapeutic measure tn cases of Graves dsease and
good results have been reported (Hill Reiss Forsham and
Thorn 1950 Retss Riggs Thorn and Forsham 1950)

The effect of adrenalme A CT H and cortisone on the rate
of release of radio 1odme from the thyrod gland would also
ndicate that these hormones exert an inhibitory effect on thyroid
actinity The earlier work (Perry 19515 Albert Tenney and
Ford 1g52)indicated that A C T 'H and cortisone do not depress
the release of radio jodine from the glands of rats  Recent work
on the rabbit however (Brown Grant Harris and Reichhin
19545) has d rated that the ad ratton of large doses
of adrenaline or small doses of AC T H or cortisone (but not
desoxycorticosterone acetate) can markedly inhibit the release of
thyroid radio 10dine 1n both the normal or bilaterally adrenalec
tomized animal (Fig 45d) The most accurate results 1n expen
ments of this type are probably obtamned from experiments on
adrenalectormized antmals 1n which the total quantity of circulat
ng adrenal steroid can be more accurately controlled  Similar
esults concermrig the action of cortisone on thyrowd activity
(3911 release) of rabbits have been obtained by Myant (1953)
Further Brown Grant (unpublished) has found 1n contradiction
to the results of Perry and Albert et al mentioned above an
inhibitory action of cortisone on the release of radio 1odmne from
the thyroid of rats

It seems clear however that the thyroid imhibitory action of
adrenaline or adrenal cortical steroids does not play an essential
part 1n the response of the thyrotd gland to stress sumult Bi
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laterally adrenal d rabbits d on cortt
sone dosage stull respond to stress with a decreased release of
thyrad bormone (Fig 43¢} (Brown Grant Harris and Rechlm
3954a) Ths observation does not elumnate the possibihity that
stress stymuh mduce alteration 1n the rate of tissue uttlization of
adrenal corticords and thereby effect thyrord activity However
this appears unhhely since such an evplanation would wnply 2
reductian in tissue utshzation of corticods under conditions of
stress It 13 tmpossible to say whether the increased blood fevel
of adrenal cortical hormone which follows the apphcation of
stress ta the normal 2mimal plays a subsudiary er supporting role
1 producing the thyroud response the fact that changes n thy
roid actwity may be produced by ad ration of of
cortisone that appear to be within the physiological range would
support this view

() CNS — TS H —» Thyrad The concluston that at
least some forms of stress especially emotional stress result m
decreased thyrotd activity by dimmshing the anteror pitustary
retease of T 5H appears mescapable The fact that the central
nenvaus system and n particular the hypothalamus exerts a
controlling inf oser the secretion of gonadetraphic hor
mane and A C T H makes 1t easier to visualize a smifar control
for TS H secretion This view 15 also compatible with the data
regarding the labiity of the thyroid responses to 2 large number
of env 1 stimul: (d d above) and the speed with
which changes 1n thyrod activity can oceur in fesponse to such
stimuh

(C) The reciprocal relationship between seerction of
TSH and ACTH

In general 1t seems that stress stimuh excrte the adrenal cortex
and mhibit the thyrmd gland and that this reflects a reaipracal
relationstup between the secretion of ACTH and TSH
Thete are two ctreumstances hawerer under which the rate of
secretion of ACTH and T S H appear to change i the same
directign

{1} Cold  Itis well hnown that exposure to 2 cold envsronment
wereases the rate of secretton of ACTH  and also ancreases
thyroid actnvity It 15 possible then that cold forms an exception
amongst stress simuh 1n 50 far 28 1t cavses 3n ncreased rate of
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(1) CN S — Adrenal gland — Thyroid Since conditions of
stress are known to excite secretory actnaty of the adrenal
medulla and cortex 1t 1s possible that the thyrord nhibition
occurring under the same circumstances 1s secondary to and
dependent on an increased blood level of adrenaline or adrenal
cortical hormone There 1s certainly evidence that mjection of
adrenaline A C T H or cortisone will reduce the uptake of 41
by the thyroid glands of rats or man (Willlams Jaffe and hemp
1949 Soffer Gabrilove and Jaller 1949 Money Kirschner
Kraintz Mernll and Rawson 1950, Reiss Riggs Thorn and
Forsham 1950 Money Krantz Fager Kirschner and Rawson
1951 Berson and Yalow 1952 and others) So marked s this
effect that admimstration of A C T H and cortisone has been
tried as a therapeutic measure 1n cases of Graves disease and
good results have been reported (Hill Reiss, Forsham and
Thorn 1950 Retss Riggs Thorn and Forsham 1950)

The effect of adrenaline, A CT H and cortisone on the rate
of release of radio 1odine from the thyroid gland would also
indicate that these hormones exert an inhibitory effect on thyroid
actnity  The earlier work (Perry 19516 Albert Tenney and
Ford 1952) indicated that A C T H and cortisone do not depress
the release of radio 1odine from the glands of rats Recent work
on the rabbit however (Brown Grant Harris and Rerchlin
1954b) has demonstrated that the administration of large doses
of adrenaline or small doses of A C T H or cortisone (but not
desoxycorticosterone acetate) can marhedly mhibat the release of
thyroid radio 1odine 1n both the normal or bilaterally adrenalec
tomized ammal (Fig 45d) The most accurate results 1 expen
ments of this type are probably obtained from experiments on
adrenalectomized ammals 1n which the total quantity of cireulat
ing adrenal steroid can be more accurately controlled Similar
results concerminig the action of cortisone on thyroid actwvity
(1311 release) of rabbuts have been obtained by Myant {1953)
Further Brown Grant (unpublished) has found in contradiction
to the results of Perry and Albert et al mentioned above an
inhibitory action of cortisone on the release of radio 10dine from
the thyroid of rats

It seems clear however that the thyroid inhibrtory action of
adrenahine or adrenal cortical steroids does not play an essential
part 1n the response of the thyroid gland to stress stimult i



Relattonshap between TS H and ACTH 47

treatment results n decreased sectetion of A C T H  The effect
of thieuract! 1 preducing 2drenal cortical atrophy would seem
to be particularly sigmficant stnce admumstration of foreign sub
Stances so 1y results in d ACTH dusch
The above findings recall to mnd the older views of Marine

and others that the hyperactive thyrod of the Graves panent
1s to be correlated with atrophy of the adrenal cortex In this
respect the following chservations appear te be relevant

{1) Adrenal msufficiency 1n rabbuts (by removal of or freez
g the adrenal glands) results 10 inereased heat produc
uocn and respiratory exchange and a symptom complex
resembhing exophthalamic gostre (Marine and Baumann
1921)

{1s) Thy 15 often d with signs of adreno
cortical underactiaty (large thymus lymphoid hyper-
plasta) and a small adrenal cortex (Manne xg30)

) Graves disease has been nated to follaw . ray damage to
the adrenal cortex (Oppenheimer 1937) 2nd the meidence
of thss condition has been reparted as ten times greater in
patients suffering from Addison s disease than 1 normals
{Frederickson 1951)

{nn) Pattents suffering from Cushwg s syndrome may show
signs of hypothyrawdesm (hugh level of serum chalesterol
dry sken and Jow basal metabolic rate) {Hewnbecker 1944)
and an mactuve thyrod (Cushing 1933}

1t would seem that there are good reasons for beheving that
the a2drenal cortex s 1 some way mnvohed i Grases disease
Whether the atrophy of the adrenal cortex 15 imolsed from the
aetiological pomt of view or whether 1t 15 a consequence and
part of the developed condiion remains to be seen

An mteresting speculation 1s that the patient with Graves
disease bas responded to stress with the opposite response of the
normal  That 12 that some stress stimulus bas resulted 1
creased thyraid and decreased adrenal cortical actnaty Such 2
wiew sould suggest that some neurological mechamsm 15 prim
arlly at fault and would mndicate that the condition 15 really a

disease  rather than the result of an exaggerated physiological
response
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sccretton of both hormones However this conclusion does not
necessarily follow since there are few data on record regarding
simultaneous measurement of adrenal cortical and thyroid actt
vity on exposure to different grades of cold In the work of
Brown Grant von Euler Harns and Retchlin (1954) rabbuts
were exposed to varying degrees of cold and 1t was found that 10
of 12 rabbuts placed from 29° C to 15-21 C showed an mcreased
thyrardal 1] output as compared with z out of 7 rabbits ex
posed to a temperature of 1° C  The only 3 rabbits 1n the series
to show mhibition of thyroid actvity following cold were those
placed in a room at 1 C and subjected to a continuous draught
of air  Now exposure to a temperature of about o C 1s probably
a more effective stimulus to A C T H release than exposure to 2
temperature of 15—21 C It 1s thus possible as suggested by
Bogoroch and Timiras (1951) that minor degrees of cold exert a
specific effect on T S H release and increase thyrotd actiaty
whereas greater degrees of cold act as a non specific stress in
hibiting the thyrotd and activating the adrenal cortex  The effect
of cold (5 C) m inhibiting the thyroid gland has also been
observed by Wilhams Jaffe and hemp (1949) Further and
more detatled work on this subject 1s required

() Inyection of cortisone It 1s well established that injection of
cortisone nhibits or tends to inhibit the pituitary secretion of
ACTH Brown Grant Harns and Reichlin (19548) found that
adminstration of cortisone to rabbits markedly inhibuts the rate
of release of 13 from the thyroid and produced evidence that
this effect was due to inhibition of T 8 H secretion Injection
of cortisone then appears to depress both ACTH and TS H
release

Thyrotrophic secretion would appear to be inhibited under
arcumstances leading to increased secretionof AC T H It may
also be true that when T S H secretion 1s increased ACTH
Iiberation 1s decreased  As an example of this latter refationshep
the results seen to follow administratton of thiourea or thiouracil
may be quoted  Adminstration of antithyroid compounds results
1 increased discharge of pitwitary thyrotrophic hormone and
adrenal cortical atrophy (Leblond and Hoff 1944 Baumann and
Manine 1945 Zarrow and Zarrow 19,1) Since the atrophic
adrenal gland of the thiouracil treated rat retains its sensitivaty to
ACTH Zarrow and Zarrow (rg51) concluded that thiouracil
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may secrete tno thyrotrophic hormones one a  growth factor
dependent on the hypothak: for sts secretton and the other a

metabohie facter which s sndependent of hypothalamuc con
trol  In a more recent publication Greer Scow and Grobstein
{1953} describe experiments sn which zuterior pitutary ussue was
transplanted to the ey of hy pophysectomwzed mice They found
that the bedy wesght and the weights of the thyraid ovanes
adrenals and uterus did not differ in these amimals from thase of
hypophysectomszed controls  On the other band the pitwstary
transplants were found to mamntan a radio sodine uptake per
umt thyroid werght and a thyroidfserum 10dide rauo at 2/3 the
level of the intact controls  Agamn there appeared to be a differ
ence betneen the growth factor and metabolic factor
thysotrophic activity It would seem advisable honever to con
firm the actiuty of these atrophic thyrmds by other techmiques
before assumng that the prtuttary mamtans an active thyrod
10dine metabolism in the absence of hypothalamic connections
According to Ganong Fredersckson and Hume (19,4} lestons
placed 1 or just above the anterior end of the median eminence
of dogs depress the thyrowd uptake of 3 to within the range
seent 3n hypophysectomized ammals  The atrophy of the thyroid
found by Greer Scow and Grot to follow transpl
of anterior pituttary tissue to the antertor chamber of the eye of
mce confirms the results found by Harns and Jacobsohn (1952)
1 which pituitary tissue was planted under the temporal
Iobe of the bram of hypophy sectomized rats  As described pre
viously (Chapter 3} transplants placed outuide the puustary
copsule but under the median eminence of the hypothalamus
where they became vascularnzed by the hypophysul portal
vessels supported a normal thyroid histology It 1s of mterest
that Bogdanos e and Halmis (1953) and Ganong Frederichson and
Hume (2954) report that hypothalamic lesions may accordmg to
their site affect thy phic and dotrop! m
dependently

Sectton of the prtuitary stalk has been found to have varable

effects on thyrard actsviry m the hands of different workers The
same cricisms apply to much of this work as given in Chapter 4
m respect 10 statk section and reproductive activity  As examples
of such dnergent results 1t say be mentioned that Uotda n
much guoted work found that the thyroid gland of stalk sec~
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(D) Hypothalamus and thyrotrophic secretion

Many workers have studied the effects of hypothalamic lesions
pituttary stalk section and electrical stimulation of the hypo
thalamus on thyroid function (see Harris 1948) Since the ntro
duction of more accuratc methods for assessing, thyroid activity
much of the older work needs to be reviewed and repeated

Hypothalamic lesions have been stated to affect metabolic rate
(Grafe and Grunthal 192g Bloch 1943) Cahane and Cahane
(1938) found that various infundibular lesions may produce 2
histological picture of increased or decreased actmaty 1n the thy
roid gland From this and other evidence they postulated the
presence of two centres 1n the mfundibular region one situated
between the optic chiasma and pituitary stalk which excites the
secretion of the thyrotrophic hormone and the other tn the
tubero mammullary region which inhibits the secretion of this
hormone More recent work (Greer 1952z Bogdanove and
Halms 1953) has demonstrated that destruction of a region be
tween the ventromedian hypothalamic nucleus and the supra
chiasmatic nucleus of the rat prevents the hypertrophy of the
thyroid which normally follows thiouracil treatment This
observation 1s of interest for two reasons Firstly 1t demonstrates
that the hypothalamus exerts some control over TS H secre
tion and secondly it indicates that variations in the blood level
of thyroxine affect the rate of T S H release by an action on the
hypothalamus and not directly on anterior pitutary cells In
this latter connection 1t may be significant that radioactive
thyroxine becomes concentrated in the median eminence of the
tuber cinereum and the neurohypophysis in much greater
amounts than n other regions (Courrnier Horeau Marois and
Morel 1949 Harper and Mattis 1950 1951 Jensen and Clark
1951 ) The further observation of Greer (1952) that the hypo
thalamic lesions which are effective 1n preventing the hyper
trophy of the thyroid following thiouracil do not affect the
marked 1ncrease i thyroid serum 1odide ratio which normally
follows thiouracl 1s difficult to understand especially 1n view of
the absence of the usual histological changes associated with the
nse 1n thyroid activity  The explanation suggested by Greer to
account for this dichotomy between size and 10dide concentrat
ing ability of the thy roid 1n these ammals 1s that the pitustary
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sellar parts of the internal carotid artenies are relatively closer
together than 1n many laboratory ammals so that 1t was felt
necessary to tahe further precautions to prevent regeneration of
the portal vessels Therefore 1n some animals the nght internal
carotid artery was tied and cut just above the diaphragma sellae
the right oculomotor nerve removed and a large waxed paper
plate fived firmly 1 position above the pitwitary - Although these
studies are not yet complete results so far obtained indicate that
effectve prtuitary stalk section results 1n

(a) Marked decrease in thyroid activity as measured by the
rough test of 48 hr uptake of 131 or by the slope of the
release curve The thyroid activity of the stalk cut rabbit
seems to remain at a slightly higher level than that of the
hypophysectomized rabbit

(5) Abolition of the thyroid inhibition that normally follows

I stress (; ) though the mhibitory resp
to laparotomy or tnjection of thyrone are still retained

These results cannot be ascribed to the pituitary atrophy follow
1ng stalk section since 1n the majority of cases very hittle 1f any
such atrophy was observed to occur  ‘Two possibilities are raised
by this work Either (@) all sumuli (restraint laparotomy and
1njection of thyroxine) act entirely through the nervous system
and m the stalk cut amimal laparotomy and thyrovine administra
tion are still capable of causing hiberation of sufficient chemical
transmutter from the median eminence mnto the systemic crreula
tion to affect the pituitary secretion of TS H or () so called
neural stimul (restraint) act entirely through the central ner-
vous system and systemic  stimuli (laparatomy, thyroxine)
act addwtonally by producing a change wn the chemical com-
position of the general blood stream which acts directly on
anterior pitwitary cells  This latter view 1s thought to be the
more likely
Localized electrical strmul. of the hypothal with
observations of thyroid actrity has rarely been studied Green
and Harns (unpublished observations) stmulated vanous regions
of the hypothalamus and pituitary gland of unanaesthetized
rabbits for prolonged periods and tried to measure thyroid acti-
wity by studying the oxygen consumption of these ammals No

consistent change in oxygen consumption was obtained but the
F
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tioned rats remaimed histologieally normal (Uotila 19395) that
1t reacted with the usual atrophy after injections of thyroxme or
with the usual compensatory hypertrophy after subtotal thy
rordectomy (Uotila 1940) but that the normal hypertrophy
evohed by a cold environment was lacking (Uotila, 19395 and ¢)
He suggested that the basic secretion of the thyrotrophic hor
mone 1s controlled by the blood level of thyroxine and 1s inde
pendent of the pituitary stalk but that under certamn environ
mental conditions this rate of secretion can be modified by
hypothalamic 1mpulses which reach the hypophysis via the
pitustary stalk Lack of good control procedures for checking the
completeness of patustary stalh section or hypophysial portal
vessel regeneration however, leaves these results open to doubt
Brolin (1945) recorded a decrease 1 thyroid activity following
stalk section 1n the rat and agreed with Uotila that cold exposure
of such antmals does not lead to the usual hypertrophy He also
found (Bralin 1947) that 1in the rat stalk section prevented the
usual hypertrophy and vacuolization of pituitary basophile cells
that occurs after thyroidectomy In the careful studies of West

man and Jacobsohn (1938) on the rat, and Westman Jacobsohn
and Okkels (1942) on the rabbat, 1t was also found that pituitary
stalk section results 1n the histological picture of dimimshed
thyroid function In a more recent publication Barrnett and
Greep (1951) found that stalk section 1n the rat resulted in thy

roid atrophy and a reduced response to cold or admuntstration of
thiouracit  Regeneration of the hypophysial portal vessels was
stated to be absent However since stalk section was performed
by the parapharyngeal approach and the ends of the cut stalk
were found embedded 1n scar tissue 1t 13 possible that these
results may be explamned by some unobserved capillary anasto-
moses 1 the scar tissue sufficient to maintain a residual thyro

trophic hormone secretion [Such partial regeneration of the
portal vessels has been observed to occur and was correlated
with the occurrence of irregular and anovular oestrous cycles i
stalk sectioned rats by Harnis (1950) ] Brown Grant Harns and
Reichlin (unpublished—see Harris 1955) have lately studied the
activity of the thyroid gland 1 rabbits 1 which the pituttary
stalk. had been sectioned In a group of rabbuts the stalk was
sectioned and a waved paper plate inserted between the hypo

thalamus and pitwitary gland  In the rabbit however the supra
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prtuitary stalk section and prtunary transplaats would mdscate
that the part of the central nervous svstem i olved 1s the hvpo
thalamus acting wia the hy pophyssaf portal yessels of the pstustary
tall

1 actocenic Horvove
{profactin luteatrophin}

The pitwntary land 1s related to the breast in two separate and
distinct ways  The antenior lobe secretes the lactagenic hormone
which is concerned 1n the post partursent ammal with the
secretion of mlk by the alveolar cells of the breast and the pos
tenior lobe secretes the oxytocic hormone which ts concerned
with the reflex remaval of milh known as melk erection  The
different phases of lactation are dustrated in the scheme ongin
allv proposed by Dr Follev and extended by Cowie, Tolley
Cross Harns Jacobsohn and Richardson (1g51)

{(a) synthesis of m Ik by the cells )

of the alveotat 5 ithelum
) passage of milk from the L(AY Milk e retion !

<

ovOpl smoof the alveolar ept

thelsa cells 1ot e af eofar B
tumen g
(BY Mtk remavel };
ia) passive withdranal
(6) mulk egection.

Ttis with the mulh secretion  process that the anterior pitwitary
18 functionally retated and with the mulk remosal  process that
the po tenor prtwstary 1s refated  The double relationship must
be borne in mind 1 conudenng expenmental data for m the
total lactanonal performance of an animal they are probably
closety linked For example 1t 15 well known that complete and
regular emptying of the mammary gland 1s an effcane sthmulus
to secretion of milk  Therefore 1f some expenmental procedure
terferes with the mik ejection proce.s 3t may 1 turn result
a dummshed rate of mik secretion
The data mailable at the moment indicate that the suckling
sumulos by which 1s meant the sum of sumuh applied 1o the
maternal amimal by the activity of the voung w ther aim of
b g milk from the y glands 15 also related to both
mulk secretion and mulk removal  Fig 46 illustrates the mechan-
s which probably underly the effect exerted by suckhng on
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limitations of this method for measuring metabolic rate prevented
any definite conclusions from being drawn  Colfer (1949) found
histological signs of increased thyroid activity 1n rats and rabbats
following electrical stimulation of the hypothal providing
such stimulation was of sufficient duration of at least four 1 hour
periods on each of 2 days  Stimulation was performed by means
of implanted coils (remote control method) or by implanted
electrodes with leads coming through the scalp No optimum
site 1 the hypothalamus was found but control sumulation of
the thalamus or corpus callosum was negative  An imncreased dis
charge of T S H from the pitwitary gland has been reported by
Saxton and Greene (1942) to follown the reflex sumulus to the
gland of cottus 1n the rabbit and by Ellts and Wiersma (1945) to
follow repeated electronarcosts 1n dogs and guinea pigs

It 1s mmportant that the effccts of localized hypothalamic
stimulation should be studied 1n detail using the more sensitive
methods now available for measuring thyroid activity, and the
results compared with those obtained after placing hypothalamic
lesions In studymng the hypothalamic control exerted aver a
particular function such as T S H secretion and thyroid acti
vity more rehable results are hkely to be obtained from expen
ments invelving electrical sttmulation than from tho e mvolving
the placement of lesions The effects of a lesion may be wide-
spread n the metabolic and nutritional spheres and may thereby
produce atrophic endocrine changes that may not be derecth
related to the nervous structures damaged If electncal stimula
tion of the site 1s found to produce a positiv e response  the reverse
of that produced by damage the evidence 1s very greatly
strengthened that the neural structure exerts a direct influence
over the function studied

At the present time the evidence shows that changes in the
external envtronment usually referred to as stresses (except a
lowered environmental temperature) result in rapid and marked
inhibition of T S H secretion and of thyrod activity It 1s poss
1ble that future work will demonstrate this to be as umform a
reaction on the part of the thyroid gland as increased actity 1s
on the part of the adrenal gland to the same stumuh That stress
stumuli act at least 1n part through the central nervous system
1s clearly shown by the inhibitory responses of the thyroid fol
lowing emotional stresses Studies of hypothalamic lesions,
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(b) The sensory stimulus of suckling and lactogensc hormone
stimulation Selye (1934) was the first to draw attention to the
possibility that the nervous stimulation of suchling might be of
importance 1n mamntaiung secretion of the lactogenic hormone
and thereby muth secretion  He showed that suchling may mam
tain milk secretion 1n the mammary glands of lactaung rats even
though removal of milk from these glands 1s prevented by tying
the galactophores Further he demonstrated that suchling at
some mipples would prevent mnvolution in glands from which the
mipple had been removed thus rendenng suckling and mik
removal impossible  Selye and Mcheown (19344) 1n a further
mvestigation found that involution of lactating mammaty tissue
finally occurs despite continued suchhing of milk removal 15
prevented It seems likely therefore that under natural conditions
the cessation of milk formation at weaning may be dependent on
both cessation of suckhng and lack of milk removal Perhaps a
more stribing demonstration of the effect of suchling on prtustary
secretion since 1t differentiates between the effects of suckling
and mlk removal was afforded by Selye and Mckeown (19345)
when they found that the regular cestrous cycle of rats and mice
could be interrupted by supplying them with young hiters
Suckling occurred and resulted in great prolongation of the
oestrous cycles maintenance of functional corpora lutez and full
development of the mammary glands to lactation  Since the
conditions resembled closely that of pseudopregnancy following
stenle cottus 1t was termed  suckling pseudopregnancy  These
data and the more recent findings that the lactogenic hormone 1n
the rat exerts a marhed trophic effect on corpora lutea and 1s now
sometumes referred to as the luteotrophic hormone affords strong
support for the view that suckling 1n some ways stimulates the
secretion of the lactogenic hormone by the patustary gland This
view 1s discussed fully by Selye Collip and Thomson (1934)
The fact that the necessary element of suchhing involved 1s the
sensory sumulus to the nipple 15 indicated by the work of Hooker
and Willams (1940) who demonstrated that the mvolution of
mammary glands of lactating mice from which the htter was
removed could be retarded by panting the nipples with turpen
tme  Such irntation of the mpple was effective 1n preventing

involution of the gland so painted and of other glands 1n the
same ammal
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both mulk secretion and mulk ejection  The possible control
exerted by the hypothalamus over the secretion of the lactogeme
hormone 15 the man concern here and the role of the hyvpo
thalamus and postenior pitwitary ghnd i milk removal will be
constdered later (Chapter 10)

Supraoptic and

paraventricular
nucles | g e o Rellex nervous
Yor- =~ paths
‘e N
~

"

milk_secrotion
milk efection

tactogenic hormane
Oxytocic hormone

A Suckling st matus

Fig 46 To illustrate the tho probable neuro hormonal refiexes underhing
the sumulating action of suchling on milk secret on and milk gecnon

(a) Motor nertes and the mammary gland The factjth:t
lactation can occur m the pletely svmpath cat
(Cannon Newton Bnght Venkm and Voore 19-9) and 1n
transplanted mammary glands providing normal glands are
being suchled (Stricker 1929) demonstrates clearhy thata mc!o;
nene supply to mammary tissue 1s not ivolved the process o

Jactation
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(8) The sensory stumulus of suckling and lactogemic hormone
stimulation  Selye (1934) was the first to draw attention to the
possibility that the nervous stimulation of suckling might be of
1mportance 1n mamntamng secretion of the lactogenic hormone
and thereby mulk secretion He showed that suckling may main
tain milk secretion 1n the mammary glands of lactating rats even
though removal of milk from these glands 1s prevented by tying
the galactophores Further he demonstrated that suchling at
some nipples would prevent involution 1n glands from which the
mpple had been removed thus rendering suckling and mulk
removal tmpossible Selye and Mcheown (1934a) 1n a further
tvestigation found that involution of lactating mammary tissue
finally occurs despite continued suckling if mulk removal 1s
prevented It seems lihely therefore that under natural conditions
the cessation of milk formation at weaning may be dependent on
both cessation of suckling and lach of milk removal Perhaps a
more strihing demonstration of the effect of suckling on pitwtary
secretion since 1t differentiates between the effects of suckling
and milk removal was afforded by Selye and Mcheown (19345)
when they found that the regular oestrous cycle of rats and mice
could be interrupted by supplying them with young htters
Suchling occurred and resulted i great prolongation of the
oestrous cycles maintenance of functional corpora lutea and full
development of the mammary glands to lactatton Since the
conditions resembled closely that of pseudopregnancy following
sterle cortus 1t was termed suchling pseudopregnancy  These
data and the more recent findings that the lactogenic hormone 1n
the rat exerts a marked trophic effect on corpora lutea and 1s now
sometimes referred to as the luteatrophic hormone affords strong
support for the view that suckling in some ways stimulates the
secretton of the lactogenmic hormone by the piturtary gland This
view 1s discussed fully by Selye Collip and Thomson (1934)
The fact that the necessary element of suckling involved 1s the
sensory stimulus to the mpple 1s indicated by the work of Hooker
and Willlams (rg40) who demonstrated that the involution of
mammary glands of lactating mice from which the ltter was
removed could be retarded by painting the nipples with turpen
tine  Such trntation of the mpple was effective 1 preventing

volution of the gland so painted and of other glands 1n the
same animal
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() The central pathway of the suckling stimulus The sensory
path of the reflex excited by suchling has recerved little attention
It would appear to consist of nerve fibres passing by a spinal
route according to the findings of Ingelbrecht (1935) This
worker found that severance of the spimal cord 1n lactating rats
between the last dorsal and first lumbar segments resulted in
failure of mulk secretion and death of the young 1if only the pos
terior anaesthetic mpples were suchled whereas 1f suchling of
the anterior nipples was allowed mlk secretion was mantamned
i all glands  The observation that lactation may follow exten
stve operations involving the thoracic wall (thoracoplasty and
pneumonectomy) 1n non puerperal women of reproductive age
(Salhin - Hopement and Davis 1949) and that gynecomastia
occurred i 7 out of 32 men with traumatic 1muries of the spinal
cord (Cooper and Hoen 1949) mught also be explamned on the
grounds of traumatic 1rritation of sensorv fibres in the intercostal
nerves or spinal tracts It 1s likely that the more central pathways
imnvolve the hypothalamus and piturtary stalh  The evidence for
this statement 15 derned from observations of the effects of
prturtary stalk section and pituitary transplantation  The results
obtaned by different workers following stalk section have been
as divergent 1n this field as those m which other antertor pituitary
functions have been studied Herold (1939) and Desclin (1940)
claim that section of the prtuitary stalk 1n rats causes farlure of
lactation 1n spite of functioning anterior pituitary tissue and con
tinued suchling Jacobsohn and Westman (1945) found mam
mary 1nvolution occurred 1n lactating rats following this opera
tion but that 1t was not so severe as that which followed hypo
physectomy whilst Dempsey and Uotila (1940) observed that
stalk transected rats may lactate normally Looking back at this
earlier work however 1t 1s seen that there are two varable
factors which may have influenced the results and were not con
trolled (a) regeneration of the hypophysial portal vessels across
the stte of the stalk section and (b) fatlure of oxytocic secretion
by the neurchypophysis resulting m failure of milh ejection and
thereby indirectly resulting mn failure of milk secretion At the
time of the later work of Harns and Jacobsohn (1952) more was
hnown about these two factors and control steps were tahen In
these experiments hypophysectomized rats were grafted with
pruitary tissue in the subarachnotd space under the temporal
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lobe of the brain and under the median emnence of the hypo
thalamus As described previously these grafts became nchly
vascularized and about the same amount of tissue was anatomic
ally well maintained 1n both sites Amimals with grafts under the
temporal lobe of the brain remained persistently anoestrous and
shawed atrophy of the reproductive organs so that no observa
tions were possible i the lactational performance of these
ammals However rats with median eminence grafts returned
to normal oestrous rhythm Six of these amimals after placing
with males became pregnant and delvered living normally
developed young at term  Atter parturition the maternal mam
mary glands of the 6 rats were found to be well developed the
alveoll and ducts being distended with secretton In spite of
vigorous suchling however the young did not obtan the mlk
present in the mammary glands and dted from starvation It was
found that this could be prevented by subcutaneous injections
of oxytocin nto the maternal rat After such an injection a
coprous transfer of milk occurred from the mother to the litter a
process which was easily and repeatedly observed through the
transparent abdominal walls of the young The conclusion drawn
from these experiments were that the nerve fibres of the pituitary
stalk are necessary for the reflex release of oxytocin and for
normal milk ejection but are not necessary for the release of the
lactogenic hormone and for milk secretton It 1s likely that the
suchling stimulus excites secretion of the lactogenic hormone by
means of a pathway involving the hypophysial portal vessels a
view compatible with the above results but not established by
them since the control anmals failed to become oestrous and
their lactational performance was not studied

In summary it may be said that the view that suckling sttmu
lates the secretion of the lactogemic hormone by means of 2
nervous reflex passing probably through the hypothalamus
offers an explanation of many data that are otherwise difficult to
understand  In the above account the term lactogenic hormone
has been used throughout but 1t may be well to bear tn mind as
pomnted out by Folley and Young (1941) that lactogenests 1s
probably a response to the co ordmnated actions of a complex of
anterior pituitary hormones centring around the lactogenic hot-
mone as an essentual element  In this case 1t would seem prob
able that the physiological stimulus of suckling causes the secre



156 Regulatron of lactogenic hormone

(¢) The central pathuay of the suckhng stimulus The sensory
path of the reflex excited by suckling has recetved little attention
It would appear to consist of nerve fibres passing by a spmnal
route according to the findings of Ingelbrecht (1935) This
worker found that severance of the spinal cord 1n lactating rats
between the last dorsal and first lumbar segments resulted 1n
farlure of milk secretion and death of the young 1f only the pos
terior anaesthetic nipples were suckled whereas if suckling of
the anterior mipples was allowed milk secretion was mantaned
m all glands The observation that lactation may follow exten
sive operations involving the thoracic wall (thoracoplasty and
pneumonectomy) 1n non puerperal women of reproductive age
(Salkin  Hopement and Daus 1g49) and that gynecomastia
occurred 1n 7 out of 32 men with traumatic injuries of the spinal
cord (Cooper and Hoen 1949) might also be explained on the
grounds of traumatic irritation of sensory fibses 1n the intercostal
nerves or spmal tracts It 1s Iihely that the more central pathways
mvolve the hypothalamus and pituttary stalk  The evidence for
this statement 1s derived from observations of the effects of
pitustary stalk section and pitwitary transplantation 'The results
obtained by different worhers following stalk section have been
as drvergent 1n this field as those in which other antenior prtuitary
functions have been studied Herold (1939) and Deschin (1940)
claim that section of the prtustary stalk n rats causes fatlure of
lactation 1n spite of functioning anterior prtustary tissue and con
tinued suckling Jacobsohn and Westman (1945) found mam
mary molution occurred 1n lactating rats following this opera
tion but that it was not so severe as that which followed hypo
physectomy whilst Dempsey and Uotila (1940) observed that
stalk transected rats may lactate normally Looking back at this
earlier work however 1t s seen that there are two vanable
factors which may have influenced the results and were not con
trolled (a) regeneration of the hypophysial portal vessels across
the site of the stall section and (8) failure of oxytocic secretion
by the neurohypophjysis resulting in farlure of milk ejectron and
thereby ndirectly resulting n failure of milk seeretion At the
time of the later work of Harris and Jacobsohn (1952) more was
Lnown about these two factors and control steps were tahen In
these experiments hypophysectomized rats were grafted with
prtustary tissue 1n the subarachnotd space under the temporal
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tion of a particular pattern of hormones The word hormones 1s
here used 1n the biochemical sense of preparations contaming
single actnties

Grow Tt Hormone
(dabetogentc factor, somatotrophin)

Strong evidence has recently been put forward that diabeto
genic activity 1s an inherent property of growth hormone (Rerd,
1952) Although few studies have been made of any control
exerted by the hypothalamus over the secretion of the growth
hormone two lines of evidence indicate that such control may
occur

(1) Nearly all workers agree that transplantation of the piturtary
gland to a site of the body remote from the sella turcica leads to
marked retardation of body growth (see Chapter 3)

(11) The cardinal signs of interference with carbohy drate meta
bolism that follow hypophysectomy have been found to follow
the placement of various hypothalamic lesions mamlv 1n the
region of the paraventnicular nucleus (for review of this subject
see Harris 1948) Spirtos Bogdanove and Halmi (1954) have
recently found that the increased msulin sensitivaty of hypophy
sectomized rats or of rats in which electrolytic lesions have been
placed 1n the hypothalamus may be reduced to normal by
admimstration of somatotrophin

Weininger (1954) has found that rats subjected to handhing
and petting for 3 weeks after weaming (days 23-44 of Iife) show
substantial increase 1 growth and resistance to stress as com
pared with control htter mates There was no indication 1n these
etpertments as to the means by which the growth rate was
accelerated but the observations do seem to offer a possible
approach to an analysis of the factors that may be involved mn
the secretion of growth hormone
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by direct microscapic observation of the vessels in amphibtans
(Green 1947) and in the rat (Green and Harns 1949)  Studies
1 which the structures 1n this region were submtted to electncal
sumulation revesled that | of the hypothal, may
evoke gonadotrophic (Markee Sawyer and Hollmnshead 1946
Harns 1948) or adrenocorticotrophic (de Gront and Harns
19,0} secretion from the adenchypophysis whereas diect stimu
tatton of the gland ttself was neffectve  This finding 1s com
patible with the view that the gland s humorally exaited and
argues agamst the view of a secreto motor mnervation to the
gland Vhen 1t was found that the porta vessels may regenerate
quickly after patustary stalk section and that the gonadotrephsc
actvty of the antenor pruntary after this operation may be corre
Yated with such vascular regeneratton {(Harns 1950) 1t became
clear that the remarhably discordant findings of dafferent workers
regarding antersor pttustary function after section of the stalk
mught be evplamned by varying degrees of regeneration of the
vessels Regeneration of these vessels has now been observed 1n
muce (de Groot 1952) rats {Harns 1950 Harris and Jacobsohn
1950} rabbuts (Jacobsohn personal communication Brown
Grant Harns and Reschhin unpublished) ferrets {Thomson and
Zuckerman 1953 Donovan and Harns 1954) and monkeys
{Harns and Johusan 1g50) Finally a sunvey of the hterature
reveals that when the prtuitary gland is transplanted to a stte 1n
the body remote from the sella turcica only fragments of normat
function at most are to be observed  However when anterior
pituitary tissue 15 grafted under the hypothalamus 1t becomes
revasculanzed by the portal system of vessels and 1s capable of
mamtaing normal functional activity (Harris and Jacobsohn
1952)

From the data reviewed above there can be hittle doubt that
vasewlanzation of anterior piturtary ussue by the hypophysiat
portal system is necessary for the mamtenance and control of
normal actiity of this gland  So much can be taken as estab
hshed The question as to how 2 portal blood supply exerts such
a speaific effect on antersor lobe nissue 1s debatable and forms 2
most difficult and intaguing problem  There are clearly many
possibihties but the most likely seems to be that nerve fibres
from the hypothalamus hberate some humoral substanca(s) smto
the capillanies of the pnmary plexus in the median eminence and




CHAPTER 7

NLUROVASCULAR CONTROI OF THE
ADENOHYPOPH1SIS

General data

Over twenty years ago Hinsey and Markee (1933) stated or
the pathways from the hypothalamus must activate the posterior
lobe of the hypophysis which in turn may exert an influence on
the anterior lobe by hormonal transmisston  riedgood (1936)
suggested that the antenior prtuitary rmught be stumulated esther
by the liberation of an adrenergic substance at the terminals of
sympathetic fibres 1n the gland or through the secretion withm
the hypothalamus of sympathin or a simlar adrenergic substance
which 1s then carned to the gland through the portal crrculation
of the pitwtary stalk Harnis (1937) and Brooks (1938) both
mentioned rather tentatively the possibility that a stimulus
might be humorally transmitted from the hypothalamus or
neurohypophysis to the adenohypophysis It 1s of interest that
at this early time workers were being rather forced to this posst
bility to afford an explanation of the facts that (@) the hypo
thalamus forms part of a nervous reflex path by which the
stimulus of coitus excites the secretion of gonadotrophic hor
mone from the pars distalis of the rabbit and (b) the anterior lobe
of the pitutary has at most a very scanty nerve supply In the
following years httle attention was pard to the hypophysial portal
system as a possible control path of antertor pitutary function
probably because the direction 1n which the blood flowed 1n
these vessels was far from clear In 1941 however, Taubenhaus
and Soshin carried the general 1dea a step further and from ther
work on rats suggested that the hypophysial portal vessels might
carry an acetylcholine-lke substance from the hypothalamus to
the antertor prtuttary The possibility of h t
was considered 1n more detal and the evidence regarding 1t
summarized by Harnis (1944) and after a further study of the
anatomy of the vessels was restated by Green and Harns (1947}
The direction of blood flow 1n the portal vessels was then estab
lished as being from the tuber c(:nercum to the adenchypophysis
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The tme taken for blood to Bow from the primary plexus
the median eminence to the smusowds m the anteriar lobe of the
piturtary 1s difficult to estinate - From direct observation of such
blood flow in these vessels of the rat a very rough approuimation
rmught be given as 1 second  On these grounds 1t would seem un-
hkely that 2 substance such as acetylcholine that s quickly
brohen down it the blood stream would be a hikely candidate
for the role of such a humoral transmtter

On microanatomical grounds 1t has been suggested (Benort and
Assenmacher 1933 Palay 1953 Rothballer 1953) that the so
called nearosecretory matenal present in the ners e tracts passmg
from the supraoptic and paraventricular nucles into the neure
hypophysis may be hberated wito the portal vessels and play a
roe 1 regulating the actrvity of the anterior pitrtary The nerve
fibres whach contam this material are certainly mtimately related
to the prsmary plexus of the portal vessels but the fact remams
that clectrical stumulation of these nerve fibres does not neces
sanly result in increased gonadotrophte {Hatris 1948) or adreno
corticotrophic {de Groot and Harrs 1930) secretrton  The
relationstup between the neurosecretory matental and the pos
terior pitustary gland 1s discussed in Chapter 11

(b) Analysis of hypothalamic extracts The hy pothalamus has
been assayed for varwus substanees of known biological activity
and the content of such sub 1o the hypothal; and 1
the median eminence compared with the content i other parts
of th. brain In respect to humoral transmission 1 the portal
vessels one difficulty anses here There 15 no reason to believe
that any trapsmutter substance would be stored in the median
emunence rather than formed and immediately teleased mto the
blood stream  Therefore the absence of any particular substance
m extracts of the median eranence does not ehimimate the posss
bility that the compound playa an actsve part i humoral trans~
massion of stinub to the pitustary gland

Feldberg and Vogt (1948) measured the content of the enzyme
or enzyme system which forms acetylchohne {zather than pre-
formed acetylcholine) 1 different parts of the central nervous
system of the dog  The dibul p bly including the
median emmence was found to possess httle power of acety]
choline synthesss

Vogt {1g54) studed the dutribution of sympathomimetic
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that this substance 1s carned by the portal vessels to evate or
mhibit the cells of the pars distalis

Data regarding the chemical nature of possible neuro
vascular agents

(a) Anatomical Some information regarding the probable
nature of any chemo transmutter may be obtamned by a study of
the anatomical atrangement of the structures that would be
mvolsed tn tts transport

The origin of the substance appears ta be from nemve fibres
and not nerve cells The prnimary plexus of capillaries which
form the ongin of the hypophystal portal vessels lies in the
median eminence of the tuber cinereum and 1 some forms m
the infundibular stem and no discrete group of cells can be
found related to this plexus  The scattered cells present 1n the
median emimence do not show any obvious or intimate relation
ship with the vessels On the other hand 2 multitude of nerve
fibres come 1nto immediate juxtaposition with these thin walled
capillaries

In order to pass from nerve terminals mto the blood stream the
substance would have to possess a certain diffustbility which
would seem to it 1ts molecular size  In most ammals the walls
of the vessels of the primary plexus consist of httle more than a
layer of endothellum However 1n man Green (1948) states that
the same vessels have a coat of collagen reticular fibres and poss
1bly smooth muscle cells This same worker also describes a
variety of nerve terminals within the coats of these vessels such
terminals he states are common An illuminating example in
this respect 1s shown by the bird (Wingstrand 1951) In this
form the primary plexus of the portal vessels forms a dense net
work on the surface of the median emmence In large birds
such as the goose the surface of the median emunence 1s corru
gated and the vessels of the plexus lie 1n the furrons  Wingstrand
describes nerve fibres from the hypophysial tract running ver
tically to the surface of the median eminence forming loops
there and then retracing their course deeply A chemical sub
stance liberated by these nerve fibres would have to diffuse
through a thin reticular membrane the endothelium of the vessels
and possibly a glal sheath This fact would again indicate that

the hypothetical chemo transmutter 15 of low molecular weight



Chencal nature of neurovascular agents 169

vears the results obtaned ate of doubtiul sigmficance for 1t 1s
now hnown that non specific trauma (Fniedgood z2ad Bewn
1941 Swingle Tedor Barfow Colins and Pertmutt 1951) cer
tmin anaestheucs {Swingle et al 1031} and wyecnon of a wide
variety of substances (Swingle Seay Perlmutt Colhns Barlow
and Fedor 31951) may result m a pseudopregnancy response in g
ugh proportion of rats It seema probable that nervous or stress
ful procedures of widely different kunds may ehet futeatraphuic
secretion and a state of pseudopregnancy in the rat

The release of lutesnizing hormone from the antersor piturtary
of the rabbit with resultant ovulanon has been studied by
Markee and his co workers MMarkee Sawyer and Hollinshead
{1948) repatted that injection of adrenaline into the paturtary
gland by a parapharyngeal approach resulted 1 ovulation m a
proportion of cases  The animals recerved three doses of about
40 gl each in the coutse of 30 munutes and t was found thata
strength of 1/1 ooo adrenaline hydrochloride was the maost effec
tive (as compared with strengths of 1/100 1/10 000 and 150 coo)
and produced positive results in § out of 1o rabbus  The total
dose admuqustered over the 30 munutes was therefore about
100 4 exp d as adrenal Control were made
using p cyanide in physwlogial saline and an acetyl
choline esenne misture and m these cases only 1 out of 23
antmals showed any sign of ovarian acvatton  This work 15 of
much msesest but the conclusion that Markee et al have more
secently drawn from this and other evidence that some adren
ergic sub s the b i tr carned by the portal
vessels and responsthble for the release of the lutetmziag hormone
10 the rabbit has been criucized on various grounds  Fusstly the
dose of adrenaline necessacy to produce ovulation administered
w this way sevmus very lagge  However the amount of antenor
piustary ussue that the ijected solution reaches may form only
a small proportian of the total gland  Secondly the ptuitary 15
composed of soft friable tissue and 15 enclosed m a firm fibrous
tissue capsule therefore any snjected solution may damage the
gland and so result in release of stored hormone 1nto the circula
uon The myectron of control solutions without ovulation would
2ppear to negate this entioism  This work has recently been re
peated usig another technique (Donovan and Harms unpub
hished) Instead of using an open operattve approach to the
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amunes 1n the central nervous system and found the highest con
centration of these substances to be 1 the hypothalamus mid
bramn and meduifa  Noradrenaline was found greater quantity
than adrenaline about 1 ug per gram of fresh tissue being present
i the hypothalamus  The presence of fairly large quantities n
the midbrain makes 1t difficult to correlate the occurrence of this

b 1n the hypothal with any function related to the
hypophysial portal vessels It 1s of interest that noradrenaline
has also been found 1n an astrocytoma composed mainly of gltal
elements 1n higher concentration (7 § #g/gm tissue) (Bulbring
Philpot and Bosanquet, 1953)

The histamine content of varous parts of the brain with
special reference to the hypothalamo hypophysial region has also
been assayed (Harris Jacobsohn and kahlson 1952) 1n the cat
dog and pig  Confirming previous workets the posterior lobe of
the prtuitary was found to contamn histamine 1n high concentra
tions  The anterior lobe was also estimated to be nich in this
substance The hypothalamus as a general trend contained
approximately the same amount as sympathetic gangha though
the median eminence itself was found to be conspicuously rich
in histamine The total brain and other parts of the brain such
as the thalamus, nucleus caudatus and cerebellum contained very
small amounts

These studies make it seem unlikely that acetylcholine plays
any part as a humoral transmtter 1 the hypophyswal portal
vessels but leaves the question open for sympathomimetic
amines and histamine

(c) Stumulation of anterior prtustary secretion by expersmentally
admmistered substances ‘The effect of various substances 1n ex
citing anterior pituttary tissue to secretory activity has been 1n
vestigated with the gland 1n 1ts normal position and after trans
plantation of the gland to a distant site

(1) Gland 1n normal position Taubenhaus and Soskin (1941)
were among the first workers to mvestigate the effect of local
application of substances to the prturtary gland They applied
an acetylcholine prostigmmne mixture to the pituitary gland of
oestrous rats under avertin anaesthesia the gland being exposed
surgucally by a parapharyngeal route They found that 13 out of
20 rats so treated became pseudopregnant  Although this work
was probably responsible for stimulating similar studses 1n later




Chemcal nature of neurovascular agents 7

effect on the ovaries A rough caleulation from the data given by
Sawyer et al (1950) shows that their intravenous dose represents
2 delnvery of about 2-20 pg adrenaline per muinude to the anterior
pututary gland and although httle rehance may be placed on this
figure 1t appears to be in the approximate range of the dose
necessary to praduce ovulation by direct myection 1 the gland

The large amount of adrenaline necessary to evoke the selease
of luteimzing hormone from the rabbit s antenor pirustary gland
15 compatible wath the view that the hormonal substance under
Iying such secretory actiaty 1s adrenergic 1o nature but 1s not
adrenatwne  Tew data are available regarding the activsty of other
adrenergic substances  Donovan and Harns (unpublished) foand
that injection of [ noradrenaline duectly into the pittary was

il in causing ovul in rabbats

The effect of systemically admimistered adrenaline sn causing
mereased or decreased secretion of other antenor prurtary hor
mones has been investigated i deta for ACT H  and some
nformatton 15 also avadable for T 8 B The significance of these
results however may be different from those regarding the
release of lutemnizing hormone Furstly the doses of adrenahne
necessary to evake refease of AC T H are very much smaltler
and are in the range of the amounts liberated by the ammals
own adrenal medulta and secondly an increased secretson of
ACTH s evoked by many different types of trawma and by the

d of ble sub so that the sig
of results obtained by applying any particular substance 1o duffi
cultto assess Long and hus co workers (Long 1947 Gershberg
Fry Brobeck and Long 1950) have made 2 detasied study of the
effects of adrenahine on A €T H secretion  They suggest that
the imtial mcrease 1n A C'T H secretion caused by stress 1s due
to the adrenal medulia prod an d syst blood
fevel of adrenafine and that end drenaline 1s the speaific
esaitant of anterior pitustary cells 1n this reaction It s elear
however that equally rapid reactions may occur 1n animals after
adrenal demedullation (see Hodges 1053 and others) so that if
adrenaline 15 the underlying factor 1 this respense st 1s beng
derrved from some tissue ather than the adrenal medulla  Long
{1951) has discussed the posubtlay that adrenaline may be a
humoral agent carried by the portal vessels 1f this 1¢ so then
both an 4 or hypophysial portal blood comtent
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gland the rabbits heads were ortentated 1n a stereotaxic mstra
ment and a fine hollow needle passed through a small drill hole
n the vault of the skull mto the prtwitary gland Injection was
made at the rate of 0 2 ul per minute for 50 or 100 minutes thus
approaching more closely to the condittons of a continuous n
fusion  Soluttons of adrenaline bitartrate were used and 1t was
found that doses (expressed as adrenaline) of 66 ug resulted 1n
posttive responses in 1 out of 4 rabbits and of 33 pgnz outof g
amimals  Control injections of noradrenaline bitartrate were
negative  From these results 1t was felt that further improvement
i the technique so that the mjected adrenaline was distributed
evenly throughout the anterior lobe might result in more sign:
ficant results To obtamn this end injections were made nto the
region of the median eminence on the grounds that the solution
right diffuse 1nto the primary plexus of the portal vessels and
thereby be rapidly and widely distributed to the antersor piturtary
gland That such might occur was established by killing anmmals
10-30 seconds after mjection of diffusible dyes in this site and
examining the distnibution of the coloured material Injection of
adrenaline bitartrate solution unneutralized or roughly neutral
1zed with indicators at the same rate as used for the injections
mto the patuitary gland and n a dose of 66 ug (adrenaline)
resulted 1n ovanan activation 1n 12 out of 24 rabbits v hen the
solution was adjusted carefully to a pH of 6 80o—7 40 the same or
larger dose (to allow for decomposition of the adrenaline at
neutral pH) gave a positive response mn only 2 out of 13 rabbits
This evidence together with the fact that smlar mnjections of
weak solution of ammonium tartrate also resulted 1n ovulation
m two out of five expeniments 1ndicates that injection of sub
stances mto the tuber cinereum may result in ovulation by
chemical or physical stimulation of nerve fibres It would be
dangerous then to draw conclusions regarding the nature of any
humoral transmitter from data dertved from injections of solu
tions 1nto the regton of the hypothalamus

In later work Sawyer Markee and Everett (1950a) found that
intravenous tjection of adrenaline (1 mgfhg) 1nto rabbuts pro-
tected agamst the lethal effects of such doses of adrenaline by
previous admunistratton of atropine resulted 1 ovulation i five
out of seven cases  Other workers using unprotected rabbits and
smaller doses of intravenous adrenaline had failed to find any
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eminence directly to the transplanted anterior prtutary gland and
observing any stmulated release of hormones has not yet been
petfors
{d) Pharmacological blockade of the reflex velease of anterior
prtutary hormones  This hne of approach has been. used to
vestigate the mechantsm controlling release of the gonadotrophic
and ad ticotrophic b
Yollowing the obsersation that injection of adrenaline i large
doses mto the pramtary gland results 1n ovulation 1n the rabbit
{Markee Sawyer and Holhnshead 1948) Sawyer Markee and
Holhinshead {1537) found that the admmstration of dbenamine
a sympatholytic drug within one nunute from copulation pre
vented ovulation 1 16 out of 19 rabbits Everett Sawyer and
Markee (1949) extended these observations to the rat and found
that 1n this spantaneously ovulating form dibenamine also blocked
release of ltutermzng hormese  However Nickerson (1949)
crimcized these experiments on the grounds that dibenamme has
an early excitant action on the central nervous system and a later
adrenergic blocking action  Maurmum blockade he powmnted out
dogs not oceur unul 1y hours after intravencus admunistration
and since Markee and Iis co workers found 1t necessary to ad
mimster dibenamine withsn one minute of copulation for ovula
tion to be blocked and since in their hands admimstration was
segulasly followed by sigas of extreme central nervous system
1 Nickerson supgested the results ob d nught have
been due 1o the central excitatory properties of dibenamme It
may be further argued that the stress  revealed by the opistho
tonus convulmions and loss of body weght which folloned
af dib was suffi te block LH release
The findmgs of Dordonr and Timiras (1952) that smjection of
adrenaline esenine or formalin ar spinal cord transection block
aestrogen induced ovalation 1 4o per cent of pregnant rats may
be quoted 1n support of this view  However Sawyer Markee and
Everett (1949) Jat.r reported control experiments tn which 1t was
found that dibenzylammoethanol a hydrolysss product of diben
amune {which retams the central excstatory action but which 1s
non adrenolyticy did not block L H release from the rabbit or
rat pitwtary  Further work, with the less touc drug SKF s01
also indicated that the pitwtary blockade was due to the sympa
tholytic praperties of the compound {Sawyer Markee and Ever
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of adrenaline could activate A C T H discharge and many diffi
culties 1n our present views could be explarned It may be men
troned here that 1ntravenous mnjection of 7 noradrenaline 1s less
effective than [ adrenaline 1n causing A C T H discharge (Nas

myth 1950)
"Adrenal

d ed sy Iy will cause not only an 1n
creasein A C T H release butadecreased thyrotd actrvity which
probably reflects a decreased rate of release of T'S H (Brown
Grant Harrisand Retchlin 1954) The doses necessary to produce
thyroid mhibitton however are large (250 ug s ¢ twice datly toa
rabbit Brown Grant et al 1954) and 1t seems hiely that the
adrenaline n these experiments 1s acting only as a stressing agent
Slusher and Roberts (1954) have recently produced evidence
that a lipide or lipoprotein present 1n extracts of the postertor
hypothalamus but not n extracts of the antertor hypothalamus
or cerebral cortex may be concerned 1n the sumulation of
ACTH secretion by the adenohypophysis
(1) Transplanted gland In order to obtatn more direct evtdence
regarding the effect of vanous substances on pitwtary cells
several workers have used the hypophysectomized animal 1n
which the prtuttary gland has been transplanted usually to the
anterior chamber of the eye Different substances have then been
d ed 1nto the sy circulation or locally 1 the vicin
1ty of the graft and the effect on secretion of A C T H studied
This method of utilizing pitutary transplants has the advantage
of localizing the stte of action of an admimstered substance more
clearly McDermott Fry Brobeck and Long (1950) studied the
effect of adrenaline 1n releastng A C'T' H from pituatary tissue
transplanted to the anterior chamber of the eye of hypophysec
tomzed rats They found that both subcutaneous injection ot
adrenaline or mngectron tnte the eye bearng the transplant
resulted 1n release of A C'T H as demonstrated by an eostno
penia  The significance of this result 1s rendered doubtful how
ever by the observation of Fortier (1952) that not only adrenaline
but also histamine will provoke AC T H release from such
transplants Fortier applied these drugs by subcomunctval 1n
jection 1n four different sites thus dimimishing the nsh that the
injection might provoke a response by some physcal effect on
the graft such as mechanical pressure or a change in temperature
The interesting experiment of applying extracts of the median
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bloclang agents ergs dib and TEA 1n the doses
they used all Jower the adrenal ascorbic acid content of sats
Following and dib & ation a further

b 1

fall was observed q to epanep or yarious
forms of stsess  After TEA ingection the adrenal ascotbic aud
depletion was not increased by stress  Other worhers (Paschkis
Cantarow Walkhing and Boyle 1950 Fortier 1950 Sawyer and
Parherson  1953) have ducted simlar exp and the
general 1 15 that path blocking drugs do not
aholish although they may duminish the ACTH discharge
caused by stress

¥t seems unhkelv that a cholnergic mechamsm 1s concerned
an the regulation of A CTH secretion Dordont and Fortier
{19,0) showed that the adrenal ascosbsc acsd deplenon following
adrmstration of eserine 1s inereased by the simultaneous ad
minsstration of atropme  Atropine alone was found to produce
2 sigmificant fall 1 adrenal ascorbic acid that was prevented by
previous hypophysectomy

In view of the fact that the blocking agents themselves produce
ACTH release a feature which 1s probably related to the fact
that they are to some extent toxic cormpaunds it 15 difficult to
drav defintte conclustons from the abose work The procedure
of Gudlesmn and Fortier (1953) howevar seems hkely to gne
clearer results nhen using this approach These workers inves-
ugated the posssbility of A CT H release being contralled by a
histamunergie wechansm They utdized the antthustamune drug
phenergan for this purpose and showed that chronie admuustra
vion of phenergan {for 10 days) led to a state of adaptation In
thisstate 1oy of phenergan o7 phenergaaplush had
no effect on the ascorbic acid content of the rat s adrenal although
other stresses such as cold sound and immobihzation resulted
1 the usual ACTH discharge and adrenal ascorbic acid de
plenon Gull {r 1 ) has more recently
used rats adapted to the non speaific effects of atropin ShF s01
and dibenzyline and found that the usual falt in adrenal ascorbic
acid follows of f hn or bilizatton although the
effects of mpecting acetyl 8 methy! chohne adrenaline and nor
adrenaline were abohshed The only phasmacolagical agent that
has been reported to block A CT H release n Tesponse to stress
35 marphane (Buggs and Munson xg54)
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ett 1950b) The fact that atropine also blocks pituntary release
of L H 1n the rabbit providing 1t 1s injected within the first few
seconds after copulation (Sawyer Markee and Townsend 1949)
may indicate a cholinergic Iink 1n the nervous reflex path by
which the pituitary 1s simulated or may indicate that the inhiby
tion of L H release 1s relatively non specific

Since the timing of ovulation 1s of much mnterest 1n agricultural
arcles the question of pharmacological control of L H release
and ovulation 1n farm animals has attracted attention It has been
found that atropine will delay the time of ovulation tn heifers by
24~66 hours (Hansel and Trimberger, 1951) and that atropine
and dibenamine will block ovulation 1n the hen (Van Tienhoven
Nalbandov and Norton 1954) However the interruption of
ovulation m the hen has been reported to follow subcutaneous
mjection of non specific substances (ovalbumin, casein peptone)
which possibly act in virtue of some tovc effects produced
(Fraps and Neher 1945)

Blocking drugs have also been used to investigate the posst
bility of an adrenergic cholmergic or histaminergic link 1n the
sequence of events by which a stress stimulus evokes secretion
of ACTH The position here however 1s more complicated
for the 1njection of the blocking agent stself ss sufficient stress to
evoke A C T H discharge before the specific blockading action
18 developed

The possibility of an ad g h particap n
the release of A C T H following stress has been investigated by
employing drugs which block transmission 1n autonomic gangha
(tetra ethyl ammonium chloride TEA) or which block the effects
of postganghomc sympathetic stimulatton and of exogenous
adrenaline (dibenamine SKF s01) Tepperman and Bogardus
(1948) found that although the sympathetic bloching action of
dibenamine persists for several days after a single dose the
adrenal ascorbic acid depletion produced by the dibenamine
lasted only 10 hours They accordingly subjected rats to the
stress of intrapenitoneal injection of carbon tetrachloride 24 hours
after the administration of dibenamine but found no mhibition
of the adrenal response to the stress  Admumstration of TEA
alone produced no fall 1n adrenal ascorbic acid and did not 1
hibit the adrenal response to stress A more extensive investiga
tion by Ronzom and Reichhin (1950) revealed that the adrenergic
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physectomzed female rat would support normal female repro
ductive actvaty such as the rhythm of oestrous cycles pregnancy
ang lactogenests  Since 1t 15 unhikely that the prtuttary gland of
the male normally secretes n a manner necessary to maintarn
such activity 1t may be concluded that the hypothalamus sup-
phes not only a general stimulus to antersor prtuttary functian
but also sets the pattern of this function

A second question then artses  If the hypothalarus acting via
the hypophysial portal yessels regulates the rate of secretion of
the anterior pituttary hormones are there as many humorat
mechamsms wvolved as there are hormones® This question i
tarn raises the problem of how many hormones are separately
released by the anterior pitwitary gland into the blood stream
At least six punified fractions have been obtarmed from anterior
pitwrtary extracts but the evedence 15 meagre that they constitute
hormones 1 the strict sense  The general view seems to be that
these extracts 1f not the actual hormones represent the activities
of hormones that may be secreted separately (see discussion at
Jomah Macy (Junr )} Conference on the adrenal cortex 1951}
The evidence for this belief hes in the findings that certain
stult such as physteal trauma cold and various sexual stumult
appear to evoke specific effects on individial target glands
{adrenal cortex thyroid and ovaries respectively) Further 1n
section of 2 single target organ hormone such as an oestragen
seems to resultn atrophy of only the carresponding tatget organ
re the ovany  More detailed studies however may reveal the
need for extending these siews  As one evample the recent find
ing of Brown Grant Harms and Reschhn (x954) that many
different forms of stress stimult mhibit thyrod activaty may be
quoted It was found that a vanety of emotianal and physical
stress sumult well known to produce ACTH refease and
adrenal cortical actnation resulted 0 inhibition of the thyrod
glod due to decreased secretson of T SH 1t seemed possible
that under a wide variety of conditions the secretion of A CTH
and T S H by the rabbut piturtary bear a reciprocal relationship
one to the other However 1 1s known that €xpaosure to a cold
enyironment excites thyroid actinity and that eXposure ta a tem
perature of (about} 0 C acts as a stress to actavate the adrenal
cortex  Cold could therefore be sma to sumulate both TS H
and A CTH secretion In the course of another study how
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In summary 1t may be said that experiments involving the use
of blockading drugs have not produced any convincing evidence
of the participation of an adrenergic cholinergic or histaminergic
agent in the control of gonadotrophic and adrenocorticotrophte
hormone release from the adenohypophysis Although the evid
ence produced appears to be valid 1n relation to humoral excita
tion carried via the systemic or hy pophysial portal circulation 1t
1s doubtful whether 1t 1s sigmificant 1n considering humoral trans
mission across synapses 1n the central nervous system Before
considering this latter pomt 1t would be necessary to establish
the fact that the various blocking agents used have crossed the
blood bran barrier 1n sufficient concentration to be effective at
such synapses

GENERAL DiscussioN

There can be hittle doubt that the maintenance and regulation
of the actrvity of the anterior pituitary gland 1s dependent on the
gland being supplied with blood via the hypophysial portal ves
sels The information as to the details of the mechanism mvolved
1s scanty but 1t seems likely that nerve fibres in the hypothalamus
Iiberate some humoral substance nto the primary plexus of the
vessels and that this substance 1s carned by the vessels to affect
anterior piturtary activity

The above view raises further questions  Farstly do the hypo
thalamus and the portal circulation supply only a general
stimulus  to antertor pituitary activity leaving the secretion of
the individual trophic hormones to be regulated by other factors
such as the level of the target organ hormones 1n the general
blood stream® This 1s unlikely since certain stimult such as
cotus 1n the rabbit acting by reflex paths m the hypothalamus
appear to elicit mereased secretion of particular hormones (1n
this case the lutermizing hormone) However there s listle exact
information available as to whether other anterior pitwuitary hor
mones are discharged by the act of mating n the rabbit and
indeed the study of Saxton and Greene (1942) indicates that such
1s the case More convincing evidence that the hypothalamus
plays 2 part in regulating the detarled pattern of anterior pituntary
secretion 1s supplied by the study of pituitary transplants (Harnis
and Jacobsohn 1952) In this work 1t was found that anterior
pituitary tissuc from a male rat placed under the stalk of a hypo
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but for the present purpose they suffice to sHfustrate the need for
more detailed studies of the hormonal seeretion eheited from the
anterior pstwitary by vanous physiofogical stimult  The final
technique by wiuch such observations will be made 1s one m
volving direct measurement of the hormones in the venous blood
from the pitwitary gland  Untd such techniques are available
however much valuable mformation could be obtamed by strul
taneons measurement of the changes ehited n the prtuntary
target organs of an ammal by a particular stimulus

A further possibility to constder 1s that the discharge of differ
ent antertor prtwitary hormones may be evoked by the same
humoral stimulus but at different thresholds There is some
evidence which would indirectly suppaort this view  Studses of
the effect of pitustary stalk section and of pitustary transplants
gnder the median ermunence mdicate that the first target organ
to atrophy after stalk section and the last to regan normal size
and function after pitweary transplants 1s the ovary It seems
that less hypophysial portal vessel regeneration s required to

thy hic and ad ticotrophic secretion than

gonadotrophic  One posuble explanation 18 that the same
humoral sttmulus may be acting but at different levels of con
centration

A final point for cencerns the histological localiza
ton of the vanous cell types in the pars distalis of the paturtary
Fig 47 shows a dwgram of a hotizontal sectron through the
gland  There are several zones of the pars distalis distingush
able on the basis of the cell types Tirstly the antenor pole of
the gland the zona tuberabs which basophile and
chromaphobe cells (Dawsen 1937) This 1s the part which
the rabbit 15 separated from the rest of the pars distahs by con
nectwve tissue trabeculae and contams the trunks of the portal
vessels ‘The main mass of the pars distalss lysng posterior to the
zona tuberalis may be divsded snto different areas aceording to
the prepond cell types (R 1938 Purves and
Griesbach 1951} It seems posssbie that the zonal differentiation
of ¢ells 1s dependent on the vascular architecturre of the gland
If different cell types are dependent on a different humoral
sumulus and if the liberation of humoral stimuls are regulated
by different nerve fibre tracts in the hypothalamus a correlation
mught be drawn between medial and lateral nemve tracts m the

a
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ever (Brown Grant von Euler Harns and Reschlm 1954) 1t
was found that exposure to moderate degrees of cold (about
15° C) was a more effective stimulus to thyroid activity than
exposure to more severe degrees of cold (1 C) which occasion
ally resulted 1n thyroid nhibition It 1s possible then that the

PO
Fig 47 Diagramtoillustrate the that the 1
of the central and lateral parts of the pars distalis (P D ) of the pituitary may be
d d by the vascular arch of the portal vessels (P 1 ) of the stalk

whose functional actrsity may m turn be secondary t  varsous nerve tracts in the
hypothalamus (lateral tracts @ medial tracts 8) Z T zona tuberalts P{ pars
intermedia 1 P infundibular process

low temperature necessary to stumulate the adrenal cortex affects
the thyroid gland as a non speafic inhibitory stress  Such a
view has been expressed previously (Bogoroch and Timuras
1951) Although cold can be said 1n general to result 1n 10
creased secretion of TSH and ACTH 1t 1s possible that
these activities are elicited by different degrees of cold and do not
occur simultancously The above results require confirmation
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median eminence medial and lateral trunks of the portal vessely
n the prtwtary stalh and a medial and lateral grouping of cell
types in the pars distalis There are good grounds for believing
that the various portal trunks supply different areas of the pars
distalls  Partial sections of the pitustary stalk 1n rats followed
by vascular perfuston with indian mh  demonstrate a type of

end artery relationship between the vessels and the different
regions of the gland
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CHAPTER 8

ANATOMY OF THE HYPOTHALAMUS THL
NERVOUS AND BLOOD SUPPLY OF THE
NEUROHYPOPHY SIS

Anatomy of the hypothalamus

Excellent reviews dealing with the anatomy of the hypothala
mus have been published (Clark 1938 Ingram 1940) and
reference should be made to these publications for detailed
formation concerning the embryology comparative anatomy
blood supply and morphology of the hypothalamic area To
become practically acquainted with the anatomy of the hypo
thalamus 1t may be found convenient to study seral sections
through the brains of rats 1 comjunction with the papers of
Gurdjian (1927) and krieg (1932)

The hypothalamus 1s an 11l defined structure Viewed from
below 1t 1s bounded by the optic chiasma optic tracts postertor
perforated substance and cerebral peduncles A midlme sagittal
section shows the hypothalamus to be separated from the thala
mus by the hypothalamic sulcus on the wall of the thurd ven
tricle  Anteriorly 1t merges with the preoptic and septal
regions and posteriorly with the tegmental area of the midbram
On the lateral side lies the subthalamus and the internal capsule

On examining horizontal sections through the hypothalamus
three great tracts of myelinated nerve fibres are immediately
obvious These tracts are obliquely placed though therr main
direction 15 dorso ventral In order, from anterior to posterior,
they are the fornix the mammullo thalamie tract (bundie of Vicq
d Azyr) and the habenulo peduncular tract (fasc retroflexus of
Meynert) Since these tracts run deeply mn the wall of the third
ventricle they dwvide each side of the hypothalamus into medial
and lateral divisions In the lateral region runs the medial fore
bram bundle The medial part of the hypothalamus is often
divided 1nto rostral or supraoptic tuberal and caudal or mam
mullary regions and contains the majonity of the hypothalamic

nucler (Fig 48)
184
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Nerve fibre of the hypothal

The fibre connections of the hypothalamus are carned 1 3
few conspreuous bundles of myehnated fibses and 1 a profuse
petwork of very fine unmyehmated Sbres  Fhis fatter 1s difficult
to analyse by mcro anatormical methods and the more secent
findngs have been obtamed by a study of the degeneration that
follows the aperation of prefrontal lobotomy m ¢he human and
by the method of physiological neuronagraphy in animals

‘The following tracts appear 2t the moment to contnbute the
mamn fibre of the hypothal

1 Mammllary peduncle Thus tract which is conspicuous and
well developed w loner mammals s poorly developed s man
1t has been observed ta breal, avway from the medial lemasscus 1n
the mdbramn to pass up on either side of the wterpeduncular
nueleus and 1n the lateral Hary nucleus or more
rostrally mn the hypothal The Hary peduncle may
well be an unportant path for sensory impulses to the hypo
thalamus and st has been sugpested (Tlath 1938) that at bears
+he same rel hup to the hypothal that the medial fem
niseus does to the thalamus  In s fele that further wiestigation
of this tract would be profitable especially since lesions 1 the
mammilfary body have been faund to abolish the nervous reflex
release of A C T H following pertpheral stimulation (stress) and
stnee 1t 15 probable that afferent nerve ympulses passiog into the
hypothalamus vz the midbrain  can mobfy gonadetrophic
secretion

2 Formx 'The evidence indicates that the forniv system con
ssts of afferent fibres to the hypothalamus It asises from the
whole extent of the hippocampus and sweeps around as the
columns of the formx to end m all the nuclet of the mammullary
body The tunction of this tract 1s unknown The fact that the
fornsx and huppocampus are hughly developed in the human 1s of
smterest b relation to the views of Papez (1937} that these struc
tures form part of a mechamsm underlying emotion  Since
removal of a temporal lobe ancluding the hipp pus s now
being performed yn the human for the treatment of certain forms
of eprlepsy further mformation regarding the funcuon of the
formx may be cxpected 1 the near future

3 Mamanllo thalamic trect (bundle of Vieg & Amye) This
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Lateral region Through this region runs the medual forebran
bundle which 1s phylogenetically an ancient system This nerve
tract 1s continuous rostrally into the lateral preoptic area and
posteriorly 1nto the tegmentum of the midbramn It connects the
more anterior olfactory apparatus with the hypothalamic nucler
since 1t probably gives off fibres to and recerves fibres from these
nucler as 1t passes caudally At its posterior end 1t forms one of
the main efferent paths from the hypothalamus mnto the bram
stem  Scattered among the fibres of the medsal forebratn bundle
are nerve cells small to medium 1n size rostrally though larger
and more darkly staining posteriorly These cells have been col
lectively termed the lateral hypothalamic nucleus In the lateral
hy pothalamuc area at the level of the tuber cinereum are groups
of small cells termed the tuberal nucler These nuclet are only
prominent 1n primates n which forms they may project as
tubercles on the surface

Supraoptic region This region contains the supraoptic nucleus
which straddles the commencement of the optic tract and the
paraventricular nucleus which lies immediately beneath the
ependyma of the third ventricle These two nucler are both
evolved from the single nucleus preopticus of amphibians and
m higher forms are still connected by scattered cells known as
the accessory supraoptic nucleus They both form very obvious
dense nuclear groups are highly vascular and consist of large
sphencal cells with eccentric nucler and penpherally distributed
Nissl substance

Tubcral regron The dorsomedial hypothalamic nucleus 1s 1l
defined The ventromedial hypothalamic nucleus 1s very clearly
seen 1n the bram of a rodent or human foetus but 1s less easly
seen 1n the adult human bran  Caudal to these two nucler1s a
further 11l defined zone the postertor hypothalamic nucleus or
area which contains mainly small cells amongst which are scat
tered a few large darkly staining neurones

Mammllary region  The Ilary body 15 posed of
several nuclear groups sarying somewhat in different forms In
the human a medial and lateral mammullary nucleus may be scen
(the latter composed of large darhly staining cells) and 2 nucleus

intercalatus
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§ Aeocortical connections It has long been clear on physio
Jogical exedence that connections exist between the cerebral neo
cortex and hypothalamus The profuse nature of fibres passing
from the hypathalamus to frontal costex has been svmmed up
by Clark (1948) s follows the greater part of the cortex of
the frontal lobe must be ded as & proy ares 4
the products of actmty of the hypothalamus m the same way
that the visual cortex 1s the projection area for retinal actvsties
or the audutory cortex for cochlear activittes  The connections
between the mammillary body anterier nuclear complex of the
thalamus and gyrus cinguli 1s described above  Another indirect
cortizal confection via the thalamus lies in the hypothalamic

with the & dial nucleus of the thalamus through
the pern entucatar fibres  This nucleus of the thalamus 15 10 turn
connected with the frontal cortex as first desenibed by Clark and
Boggon (1933) 1n lower sramals  The detasled anatonucal studses
of Meyer Beck and McLardy (1947) 1 man and the expen
mental findings of Murphy and Gelthorn (1945} also confirm
the ewstence of this path

Fibre connections passing from the frontal cortet to the hypo
thafamus have been the subject of much recent study  These
connections do not pass via the dorsomedial nucleus of the
thalamus for a study of human brams after prefrontal lobatomy
kas shown surpnistogly few fibres from the severed areas (pre
frontal) tesminating in this thalamic nucleus (Meyer 1949)
However direct cortical conpections to various hypothalamic
nucler have now been established  Ward and McCulloch {1947)
unng the method of phystalogical neuronography have demon
strated connections from coruical asea 62 to the mammuilacy
nucler and postesior and lateral hy pothalamie aress from more
anturior frontal areas to the supraoptic and paras {
nucler and fram the medral and postertor orbrtal cortex to the
parzventricular nucleus and posterior hypothalarmic areas Micro
anatorical methods involving the use of Glee s whver impregna
tion method on the brams of patients dysng shottly after pre
frontaf fobotomy have substantiated some of these findings
the human  Meyer (1949) has demonstrated a connection pa smg
from cortecal areas 6 § and postertor g to the mammllary nucles
of the hypothalamus and subthalamus  Beck Meyer and leBeau
{3953) have descnibed 2 divect cortivo hypothalamic path ansing
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tract anses mamly from the medial mammullary nucleus and
passes dorsally to the anterior nuclear group of the thalamus It
15 likely however that some of the fibres of the mammullothalamic
tract are afferent to the hypothalamus Since the antertor nucler
of the thalamus relay to the gyrus cingult (Clarh and Boggon
1935 Meyer Beck and McLardy 1947) this system forms an
important connecting hnk from the hypothalamus to the neo
cortex on the medial surface of the frontal lobe

4 Mammllo tegmental tract The mammillo tegmental tract
appears to form another efferent path for the medial mammillary
nucleus This tract passes mnto the tegmentum of the midbram
and becomes lost 1n sections, 1n a region ventral to the oculo
motor nucleus

5 Medial forebramn bundle As mentioned above this fibre
tract passes from the olfactory areas of the hemisphere caudally
through the preoptic region and hypothalamus into the tegmen
tum of the midbrain It 1s probable that fibres both leave and
enter, this nerve bundle as 1t passes posteriorly through the
lateral hypothalamic area

6 Persentricular system This system of fine fibres hes 1m
mediately beneath the ependyma of the third ventricle It passes
trom most of the medally sttuated hypothalamic nucler vertically
upwards to the medial thalamic nucler (especially the dorso
medial thalamic nucleus) So far as hypothalamo thalamuc mnter
relations are concerned, this system forms a two way path  The
more posterior fibres however, may form an efferent path from
the hypothal into the midb for they sweep ventral to
the posterior commussure and pass caudally ventral to the aque
duct as the dorsal longitudinal fasciculus of Schutz

7 Diffuse descending system  The most important descending
path from the hypothalamus to the bramn stem and spinal cord
consists of 2 diffuse fibre system passing from the lateral hypo
thalamuc area nto the tegmentur of the midbrain  Ranson and
Magoun (1939) describe these fibres as passing from the hypo
thalamic nuclen laterally into the lateral hypothalamic area and
thence 1nto the mesencephalic tegmentum 1n company with the
fibres of the medal forecbrain bundle These workers suggest
that the fibres descend probably with many relays through the
tegmentum and reticular formation of the bramn stem to the

spinal cord
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appendage of the brain  On these grounds Peremeschke {1867}
suggested the term  Blutgefassdruse  for this structure  Later
wotkers naticed a few nene cells i the ghat matrix  of the
seural lobe but it was not unttl Cayal {1894} deseribed a tract of
nenve fibres passing from a nucleus sitvated behind the opuc
chiasma nto the pitwtary stalk and  supenor fobe in young
mice that the neurohypophysts was recogruzed as a possibly 1im
portant structure  On histological grounds Cajal suggested that
these nerve fibres might be sensory n nature and the 1dea of a
{ flow of nene Ises and later passage of postenor
iohe hormones up the pituttary statk persisted for many years
Before considerng the nerve supply of the newsohypophysic
in detall 11 15 necessary to emphasize the fact that the anatomical
limits of the neusohypoph: mclude the infundibular pracess
{neusal lobe) wfundtbular stem and median ermmence These
three parts which yary i size and shape i different species 1o
gether constitute a single gland  The grounds on which the
medizn emmence of the tuber cinereum 1s classified as neuro
hypophysis rathes than hypothafamus are—reactions on vital
stammng (Wisloch and hang 1936} vasculas supply {Wistochs
1937 1938 Greenand Harns 1947) embriology {(Tilney 1936)
and cytology {Gersh 1939 Weaver and Bucy 1g40) Thes ex
tension of neurohypophysial tissue up the stalk and into the
medan emunence 15 of importance when constdering the resuits
of pitwitary stalk section  In ammals with long prtustary stafks
{man and monkey) the wfuadibular stern and medan emunence
may copstitute 12-16 per cent of toral gland tassue {Magoun
Fisher and Ranson 1530) so that a low statk section may leave
sufficsent of the gland sull mnervated to prevent the onset of
stgns of hormonal deficiency  Fisher Ingram and Ranson (1938)
found that leswns of the supraoptico hypophysual teact resulted
m atrophy of the median enunence and 1fundibular stem (a5
well as the neural lobe) and that after semoval of the neural lobe
alone the p of the median and infundibut
may be sufficient to prevent the onset of diabetes wepidas
A scanty supply of sympathetic fibres derned from the carotsd
plevus and sunmng with the posterior median by pophy sial artery
10 the neurohy pophyss has been deseribed by Dandy (1913)
Little 15 known of these fibres and it may be surnused that they
are sasomotor 1 nature

stem
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antersor to the agranular frontal cortex and terminating 1n the
ventromedial and lateral hypothalamic nucles, though whether
this tract arose from the medial orbital or dorsal frontal cortex
could not be determined from thetr material Wall Glees and
Fulton (1951) emphasize the importance of the ventromedial
hypothalamic nucleus as an end station of orbital fibres m the

monkey
The fibre connections between the frontal cortex and hypo
thal have been dered tn a little detail since many of the

findings relating to these tracts are of recent origin and since a
probable and important correlation may eust between the
following facts

(@) The profuse hypothalamo thalame cortical and cortico
hypothalamic connections
(b) The close functional relationship between the hypothala
mus and the neuro and adenohypophysis
() The pronounced effect exerted by varying emotional states
( emotional stress ) over the secretion of various anterior
and posterior prtwitary hormones
{d) The recent work of Porter (1954) who mvestigated the
effects of electrical sttmulation and the placement of lestons
1n the orbital and precallosal cingular cortex of the frontal
lobe on the secretion of ACTH
(¢) The marked emotional changes that occur following the
operation of prefrontal lobotomy 1n man and the posst
bility of observing endocrine changes following this opera
tion
9 Other kypothalamic connections Many other hypothalamic
connections are described 1n the literature—such as those passing
1 the ansa pedunculans stria terminalis stria habenulans supra
optic comrussures and other nerve tracts and those suggested
by expenimental observations such as vago supraoptic connec
tions

Nerve supply to the neurohypophysis

Although the nervous nature of the neurohypophysis was
recogmzed by Luschhka in 1860 who proposed the name  Ner
vendruse  the general belief was held during the latter half of
the mineteenth century that the gland was merely a neuroghal
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hary (1924) and Lewy (1924) first desenbed such degeneration
‘The number of cells i each supraoptic nucleus has been esum
ated at about 6o 000 {man) 30 0ao~40 000 (monkey) 35 00—
40 oco (dog) and 7 ooo (rat) (Magoun and Ranson 1930 Ras
mussen 1940 Rasmussen and Gardner 1940 Mernek 1944}
Followng damage to the supraopticohy pophystal tract 70-go per
cent of these cells atrophy and disappear (about 70 per cent if
the tract 1s cut at the level of the diaphragma sellae and about
9o per cent if the tract 1s cut above the median emsnence) A
sumilar disappearance of cells occurs 1 the paraventnicular
nucleus In the dog about go per cent of paraventricular cells
disapp after g the supraopticohypophysial tract
2bove the median emitence (Piehford and Ruchie 1945,
Q Connor, 1947) Inview of these findings the recent claim that
regeneration of the neurohypophysis occurs after hypophysec
tomy must be regarded as of very doubtiul valtdity The origin
ot the supraopticohypaphysial tract from the supraoptic and
paraventsicular nucler 1s of spectal interest when it 1s remembered
that these t1 o nuclet are sepresented 10 lower vertebrates by one
commaon nucleus the nucleus preopticus (Meyer, 1935} Other
hypothalamic nucler which have been suggested on histological
grounds as giung nise to some fibees of the supraopticohypo
phystal tract are the nucleus hypothalamicus ventralis pars
centralis {(Young 1936) antertor hypothalamic ventromedial
hypothalamic and ventral pernentricular hypothalamic nuclet
(Fisher Ingram Hare and Ranson 1935 Fisher, Ingram and
Ranson 1935 Green 1951} These sites of origin are however
difficult to substantiate since the fibres m question are very fine
and hard to tsace 1n senal sections A stmilar obsen ation applies
to the ongm of the tuberohypophysial tract which has been
given as the central and postenor parts of the hypothalamus
posuibly from the nucleus perventrseulans ventrahs scattered
cells and nucles 1 the tuberal reyton and mammadlary bedies
(Ranson Fisher and Ingram 1938 Vidal 1942 Green 1951}
As the supraopticahy pophystal tract enters the median emin
ence 1t occuptes a very superfictal position where 1t 13 liable to be
affected by basal infections of the bran  In this region the fibres
have been desenibed as pursuing a sinvous course and of under~
gowng partial decussaton  However smnce hemisection of the
pitutary stalk leads to appreciable retrograde degeneration in the
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The man nerve supply, both functionally and anatomscally,
of the neurohypophysis 1s the hypothalamo hypophystal tract 1n
the pituttary stalk  Since the time of Cayal thes tract has been the
subject of many studies A prek ve list of ref (up
to 1938) to work dealing with the anatomy of the hypothalamo
hypophystal tract 1n all types of vertebrates may be found in the
monograph of Fisher, Ingram and Ranson (1938)

The hypothalamo hypophysial tract consists of two mam
parts the supraopticohypophysial tract running 1n the anterior
or ventral wall of the stalk and the tuberohypophystal tract in
the postertor or dorsal wall of the stalk Mare mnformation 1s
available concerning the ongin function and termination of the
former than of the latter component Inlower forms fishes and
cyclostomes a well marhed lateral division of the tract converges
to the prtustary stalk through the lateral region of the tuber
cmereum (Green 1951)

The nucler of ongin of the fibres 1n the hypothalamo hypo
phystal tract have been investigated by two main methods by
micro anatomical study of the fibre tracts and by studies of the
retrograde degeneration that occurs 1n some hypothalamic nucles
following lestons mn the tuber cinereum and infundibular stem
Microscopic examination shows that the ongin of the greater
part of the supraopticohypophysial tract 1s from the supraoptic
and paraventricular nucler of the hypothalamus Pmes (1925)
first traced the source of some of these fibres as the supraoptic
nucleus (nucleus hypophyseus of Pines) This finding was con
firmed by Greving (1926) who 2lso described fibres arising 1n
the paraventricular nucleus running either to the supraoptic
nucleus or to join the fibres in the supraopticohypophysial tract
Laruelle (1934) further substantiated the ongin of fibres from
the paraventricular nucler These findings have been confirmed
by many workers and more recently have been mnestigated 1
detail by use of the Gomor stain  This method (sce Chapter 11)
differentially stains the neurohypophysis the nerve fibres in the
supraopticohypophystal tract and their nucler of ongin Clear
tustological pictures of this innervation are thereby obtaned and
the findings are 1n agreement with the older data Further con
firmation has been forthcoming from study of the retrograde de-
generation of cells 1n the supraoptic and paraventricular nucler
which occurs after section of the supraopticohypophysial tract
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The pars mtermedia 1s the only division of the gland that =
poorly vascularized compared with other tissues of the body
The neurohypophysis 15 vasculanized from two sources
Fustly the median eminence receives a blood supply via the
primary plexus of the hypophysial portal vessels Thus 1s denved
(as described mn Chapter 2) from the rich plexus of the pars
twberalis which 15 1n turn supphied with blood through small
arterial twigs from the internal carotid artery or circle of Wills
Secondly the neural lobe or infundibular process possesses an
arterial supply and venous dramnage which 1s separate from that
ot other parts of the gland The details of this supply vary in
different forms In the rabbit the neural lobe 1s usually supplied
by a small twig from the nght internal carotid artery whch takes
origin as the parent vessel pierces the dura near the anterior
clinoid process This small artery passes posteniorly on the
draphragma sellae sweeps across the upper surface of the neural
lobe 1n the form of an arc from which small branches pass ver
tically down to supply the infundibular process In the dog a
branch passes from the internal carotid artery as it hes mn the
cavernous sinus medially to anastomose with its fellow 1n the
midline at the posterior pole of the prtuitary (Dandy and Goetsch
1911) From this anastomosis posterior median arteries pass for
ward directly into the neural lobe Jewell (1951} has confirmed
this supply and has noticed that the parent branches from the
carotid may be asymmetric  In the human the wferior hypo
physial artery from the cavernous part of the internal carotid
divides 1nto a medial and lateral branch (McConnell 1953
NXuereb Prichard and Daniel 1954) These branches anastomose
with corresponding vessels of the opposite side forming an
arteral ning around the junction of the neural lobe and pars dis
talis Itis from this ring that the infundibular process ts supplied
The blood supply of the third part of the neurohypophysts
the infundibular stem varies In some cases as m the human
this 1s by means of an extension of the primary plexus of the
portal vessels from the median eminence 1nto the infundibular
stem In other forms such as the rabbit the infundibular stem
appears to be vasculanzed 1n common with the neural lobe In
still other animals such as the dog the infundibular stem hardly
easts  For this reason Green (1951) has suggested that the
neurohypophysis should be subdivided 1nto two regions only the
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supraoptic nucleus of the same side only such decussation cannot
be of any magnitude The tuberohypophysial tract in the dorso

caudal region of the median eminence 1s smaller and consists of
finer fibres In the neural stalk all the fibres congregate mto a
dense bundle Iying 1n a central position leaving a peripheral zone
tn contact with the pars tuberals relatively free of nerve elements

The number of fibres 1n this site has been estimated at about
10 000 1 the rat about 60 0oo 1n the dog and monkey and about
100 000 1n man {Rasmussen 1940)

The termination of the fibres of the hypothalamo hypophystal
tract 1s mainly in the neurohypophysis A few fibres have been
seen 1n many forms passing into the pars tuberalis and pars inter
media of the adenohypophysis but there 1s no good evidence for
the belief that they penetrate the pars distalis It 1s probable that
the tract terminates m all three parts of the neurchypophysis
since as mentioned above more cells 1n the supraoptic and para
ventricular nucler degenerate following lesions above or 1n the
median emnence than i the hypophysial stalk The histo
logtcal endings of the nerve fibres in the neural lobe are obscure
Although a variety of nerve terminals have been described such
as terminal enlargements bulbs memsct vancose extremities
and so on there 1s no common agreement as to secretory cells 1n
the neurchypophysis or as to secreto motor endings It may be
significant 1n this respect that many authors agree that pen
vascular arborizations and endings are common in the neura
hypophysts (see Vazquez Lopez 1942 and Green 1951) Such
types of endings are very conspicuous 1n certain forms such as
the opossum (Green 1951 Bodian 19,1) and are of interest m
view of the possibility that the h of the secretion of
postenior pituitary hormones may be direct liberation of the hor
mone from nerve terminals into blood vessels

The blood supply of the neurohypophys:s

Contrary to the statements found 1 many textbooks the
neurohypophysts 1s very richly vasculanzed Judging from the
histological appearance of specimens in which the vascular sys
temn has been perfused with some colouring materal the pars
tuberalis 1s the most highly vasculanized part of the prutary
with the pars distahs and neural lobe following 1n that order
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median eminence and the neural lobe These he defines as fol

lows—the medran eminence 15 that part of the neurchypophysis
which recetves 1ts blood supply from the hypophysto portal
airculation or (in order to include the agnatha and fishes) which
has a common vasculanzation with the adenchypophysis—and
the neural lobe, the remainder of the neurohypophysts indepen

dently supplied with blood The term infundibular stem he
regards as having no exact meamng but being of descriptive
value only  Green has also proposed the interesting view that the
medtan enunence and infundibular stem are evolved separately

He described the median eminence as being already present in
cyclostomes and fishes, 1n which a2 common circulation exists
between this structure and the adenohypophysis (analogous to
the hypophysial portal crreulation of higher forms) However
1t was not until amphibians and reptiles were reached that is

forms which are becoming or have become mdependent of an
aquatic environment that a true neurai Jobe appeared  This new
structure retams in higher forms the hall mark of its separate
onigin 1n the form of independent vasculartzation
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CHAPTER ¢

REGULATION OF THE SECRETION OF
ANTIDIURETIC HORMONE

In the eighteen years between 1895 and 1913 the maimn
pharmacological actrvities of posterior pituitary extract were dis
covered It was found that injection of such extracts had a
pressor action (Oliver and Schafer 18¢5 Howell 1898} a diur
etic action in anaesthetized ammals (Magnus and Schafer 1gor
Schafer and Herring 19o6) an antidwretic and chloruretic
action in unanaesthef:zed ammals (von den Velden 1913) 2
hyperglycaemic action (Borchardt 1908) a stimulating action on
1ntestinal penstalsis (Bell 1909) an oxytocic action (Dale 1909)
a galactogogue action (Ott and Scott 1g910) and other effects
Since these pioneer studies the above and other actions of pos
terior lobe extracts have been investigated 1 detal In 1928
the ingle crude extract with multiple activities was punfied
and separated into two fractions by hamm Aldrich Grote
Rowe and Bugbee working in the research laboratories of Parhe
Davis & Co The names and probable activities of these fractions
are shown below

P obable activrtres

Pressor fract on Pressor
Vasopressor fraction Ant dwretic
Whole poster or fract on Chloruret
pitu tary extract ( Pitressin  Parke Stimulation of
{ Pstuitnin Dawis & Co) sntestinal peristals s
Parke Da 1s & Hyperglycaemic
Co) Oxytoc ¢ fraction Oxytocic
{( Pitocin  Pa ke Galactogogue
Davis & Co)

More recently du Vigneaud and hts colleagues (du Vigneaud
Ressler Swan Roberts Katsoyanms and Gordon 1933 du
Vigneaud Lawler and Popenoe 1953) have succeeded 1n obtarn
g these fractions 10 pure forms It should be emphasized that
the problem of many years standing as to whether the neuro
hypophysis secretes one hormone or two 15 not yet settled In
the following discussion antidwretic hormone and oxytocic hor-
mone will be referred to separately according to current usage
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200 Regulation of antidiuretsc hormone

but this should not be taken to imply that they are separate
hormones The evidence on this point 1s inconclusive

Data regarding regulation of the secretion of the antidretic
hormone has been obtamned from three mamn lines of nvestiga
tion  Studies have been made of (a) lestons of the supraoptico
hypophysial tract in patients and animals (8) direct electrical
stimulation of the gland or 1ts nerve supply, and (¢) changing the
external or internal environment 1n such a way that the secretion
of the gland 1s increased (indirect stimulation)

(a) Lesions of the sutpraopticohypophysial tract

As has been discussed by Fisher Ingram and Ranson (1938)
the history of our knowledge concerning the aetiology of dia
betes insipidus 1s a chapter of errors errors not of obsersation
but of the conclusions drawn Magnus and Schafer (1go1) and
Schafer and Herring (1906) first showed that extracts of the pos
tenior pituttary have a diuretic effect on 1njection 1nto anaesthet
1zed animals and on the basis of this observation 1t was thought
that lesions of the pituitary which result in diabetes insipidus
do so as a result of irntation  However 1n 1913 von den Velden
and Farmi independently showed that postenor pituttary extract
exerts an antidwretic effect on njection into climical cases of
diabetes insipidus and 1t later became clear that a diuretic effect
was dependent on the anaesthetized state The view was then
held that diabetes msiprdus was due to deficiency of postertor
Iobe secretion due to damage to the pituitary  In 1920 however
Camus and Roussy showed that damage to the hypothalamus n
the presence of an intact pituitary could result in this condition
Thus evolved two divergent views that diabetes was of hypo
thalamic ongin or of pitwitary ongin  This controversy was
slowly settled by the redescription by Pines (1925) and Greving
(1926) of the rich nerve tract first seen by Cajal i 1894 that
umites the hypothalamus and hypophysis It then became
apparent that the hypothalamus and posterior pituitary function
as a unit and that damage to erther may result in polyuria  This
view did not find universal acceptance for some years since 1t
was known that complete hypophysectomy does not necessarily
result 1n diabetes insiprdus and since interruption of the pitustary
stalk 1n some forms such as the monkey (Mahoney and Sheehan
1936) 18 compatible with a normal urine yolume These two
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difficulties were finally reconciled with the general view of a
hypothalamo hypophysial unit through the worh of von Hann
(1918) and Ruchter (1934) who showed that the anterior lobe of
the pituitary exerts a druretic effect without which the result of
postenor pitutary deficiency on urne output may not be
apparent (see however Heinbecher White and Rolf 1947) and
through the finding that the median eminence and the pituitary
stall. contatn neurohy pophysial glandular tissue <o that section of
the stalk m some forms does not completely denervate the whole
neurohypophysis

The clanficatton of the picture relating hypothalamic and
hypophysial lesions to diabetes insiprdus 1s due to the work of
Ranson and his colleagues The results obtamed by this group
1s presented with a full discussion 1n the monograph by Fisher
Ingram and Ranson (1938) The technical side of this work was
much smplified by the use ot the Horsley Clarke stereotaxic
instrument  Thas 15 a precision mnstrument onginally designed
and used by Sir Victor Horsley and Dr R H Clarke (1908) for
the accurate placement of small lestons in different parts of the
cerebellum By the use of this instrument Fisher et al made
localized electrolytic lesions m various parts of the hypothalamus
of cats They noticed that bilateral lestons which mterrupted
the supraopticohypophysial tract resulted in a condition similar
to that of clinical diabetes insipidus  This was observed 1n 64
anmmals in which the daily urine output was markedly raised
above the normal (normal output for the cat 1s about 100 ml |
day) The onset of diabetes 1n the majority of cats occurred in
the following three phases post operative days 1-6 phase of
transient polyuna umne output up to 500 mi fday days 6-10
normal interphase normal urine output days 10 and onwards
phase of permanent polyuria output 300-500 ml /day Similar
phases have been observed durning the onset of diabetes nsipidus
1 man (Gagel and Klaes 1950) It 1s likely that the normal inter-
phase 1s a period when the denervated neurchy pophysts 1s under
gomng atrophy and that simple reabsorption of the hormonal con
tent of the gland s sufficient to mantain a normal urine volume
over this period O Connor (1952) reported that a normal inter
phase does not occur if the posterior prturtary of the dog 1s
removed after cutting the stall. though this phase 1s present fol
lowing simple stalk section During the phase of permanent
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but this should not be taken to imply that they are separate
hormones The evidence on this pomt 1s mconclusive

Data regarding regulation of the secretion of the antidiuretic
hormone has been obtained from three mam lines of nvestiga
tion  Studies have been made of (a) lestons of the supraoptico
hypophysial tract in patients and animals (8) direct electrreal
stimulation of the gland or 1ts nerve supply and (¢} changng the
external or internal emvironment 1n such a way that the secretion
of the gland 1s increased (indirect stimulation)

(a) Lestons of the supraopticohypophysial tract

As has been discussed by Fisher Ingram and Ranson (1938)
the history of our knowledge concerning the aetiology of dia
betes insipidus 1s a chapter of errors errors not of observation
but of the conclustons drawn Magnus and Schafer (1901) and
Schafer and Herring (19o6) first showed that extracts of the pos
terior pituitary have a diuretic effect on mjection into anaesthet
1zed antmals and on the basis of this observation 1t was thought
that lestons of the pituitary which result in diabetes msipidus
do so as a result of irnitation . However 1n 1913 von den Velden
and Farmi independently showed that posterior pitustary extract
exerts an antidwretic effect on mjection into chinrcal cases of
diabetes 1nsipidus and 1t later became clear that a diuretic effect
was dependent on the anaesthetized state The view was then
held that diabetes insipidus was due to deficiency of posterior
lobe secretion due to damage to the prtuttary  In 1920 however
Camus and Roussy showed that damage to the hypothalamus 1
the presence of an mtact pitwitary could result 1n this condition
Thus evolved two divergent views that diabetes was of hypo
thalamic origin or of prtustary origin  ‘This controversy was
slowly settled by the redescription by Pines (1925} and Greving
(1926) of the rich nerve tract first seen by Cajal in 1894 that
umites the hypothalamus and hypophysis It then became
apparent that the hypothalamus and postersor pitwitary function
as a umt and that damage to either may result in polyursa This
view did not find universal acceptance for some years smnce 1t
was hnown that complete hypophysectomy does not necessarily
result i diabetes insiprdus and since interruption of the pituitary
stalk 1n some forms such as the monkey (Mahoney and Sheehan
1936) 1s compatible with a normal unine volume These two
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were finally {ed with the general view of &
hypothalama hypophysial unit through the work of von Hann
{3918 and Richter (1934) who showed that the anterior lobe of
the preuttary exerts a diuretic effect wathout which the sesult of
posterior pituitary defictency on urme output may not be
apparent (see howeser Hembecker White and Rolf 1947) and
through the finding that the median eminence and the pitugary
stalh contain seurchypophysial gleadular tissue so thatsectionaf
the stath in some forms does not completely denervate the whole
neurchypophysis

The clanfication of the picture relating hypothalamme and
hypophysial lesions to dubetes msipidus 15 due to the work of
Ranson and hie colleagues  The results obtamed by this group
18 p d with a full & 1 the graph by Fisher
Ingram and Rapson {1938) The technical side of this nork was
much simphfied by the use of the Horsley Clatke sterectaxic
smstroraent This 15 3 precision wstrument onginally designed
and used by Sir Victor Hoxsley and Dr R H Clarke (2908) for
the accurate placement of small lestons 0 different parts of the
cerebelfum By the use of this mstrument Ficher et o] made
locahized electsolytic fesions m vanous parts of the hypothalamus.
of cats  They noticed that bilateral lemons Wwhich 1nterrupted
the supraopticohy pophystal tract resulted 1 a condttion simifar
to that of chimcal dizbetes insipidus  This was observed in 64
amumals s which the daily unine outpus was markedly rased
above the normal {nermal ousput for the ¢at 1s about ¥00 mt §
day) The onset of dsabetes 1 the magorsty of cats accursed 1n
the followang three phases post operatne days 1-6 phase of
transient polyusia urane output up to goo ml /day days 610
normal interphase normal unine output days 10 angd onwards
phase of permanent polyona output joo-5o0 md fday Sumilar
phases have been observed during the anset of duabetes msiprdus
1 man (Gageland hlaes 1930) 1t s likely that the normal snter
phase 1s 2 period when the denervated neurohypophysis 1s under
gomng atrophy and that simple reabsorption of the hormonal con
tent of the gland 15 sufficient to mawmtam & normal unine volume
over this period O Connor (1952) reported that 2 normal mnter
phase does not occur if the postertor pituwtary of the dog 18
removed after cutting the stalh though this phase 1s present fo}
towing surple stalh section  Dunng the phase of permanent
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polyuna, Fisher et 2l found that the unne output could be
brought down to normal levels by replacement therapy with pos

terior pitwitary extracts  After death histological examination of
the hypothalamus prtwitary region of the ammals that had had
diabetes showed, firstly that the supraopticohypophysial tracts
had been interrupted bilaterally, secondly disappearance of the
greater number of nerve fibres 1n the neurohypophysis and
atrophy and loss of nerve cells 1n the supraoptic nucler and
thirdly an atrophy and hypercellulanity 1n all parts of the neuro

hypophysis  The vartous parts of the adenohypophysis of these
cases appeared normal though the pars intermedia was wrinkled
over the shrunken neural lobe In 39 control cats in which
lesions had been placed 1n other parts of the hypothalamus and
m which diabetes had not occurred simular atrophic changes
were not found Extracts of the atrophic neurchypophyses

associated with the diabetic state were found to possess greatly
dimimished pressor antidiuretic and oxytocic activity though
the melanophore expanding actrvity of these prtuttary glands was
normal These results in the cat were confirmed 1n the monhey,
both by placing electrolytic lesions 1n the hypothalamus and
later by Magoun Fisher and Ranson (1939) by exposing the
ptuttary stalk i this animal by a subtemporal approach and
making cuts i the median emnence or fundibular stem

Whereas complete transection of the median eminence or of 1ts
anterior half resulted 1n marked polyuna transection of the 1n

fundibular stem, leaving the median eminence part of the neuro

hypophysis still normally innervated produced a less severe
polyuna if any atall ‘These results are enlightemng with regard
to the results of Mahoney and Sheehan (1936) on the monhey

and Dandy (1940) on the human who found no or only mild

polyuria following section of the pitustary stalk Magoun et al

(1939) found the median normally constitutes 13 per
cent of total neurohypophysial tissue 1n the monkey They com

ment that the maintenance of a normal urme output by 1/6th to

1/8th of the normal amount of neurohypophystal tissue mdicates
a physiological reserve parable with that of other endocrine
organs

The magmtude of the polyuria observed in diabetic animals
belonging to different species vanes Average figures for the
dally unne volume under these conditions are about 100-200
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¢ ¢ /kg body wesght for the cat monkey and man about 300 ¢ ¢ {
kg for the dog and aften 1 oco ¢ ¢ [kg for the rat Only a tran
sient prunary polyuna but no permanent polyura has been
cheerved to follow the placement of lesions causing complete
atrophy of the neurohypophysis 1 rabbsts (Cross and Harns
1952) It 15 wmteresting to compare these figures with those for
the amount of glomerular filtrate formed per day  Cushny (1926}
caleulated that the cat forms 12 htres of glomerular filtrate per
24 hours Since the urine volume of the cat 15 approimately
300 ¢ ¢ fz4 hours st follows that the tubules of the cat fudney re
absoth 11 g lteesf2q hours Under conditions of diabetes
sipdus 1 which the effect of the antidiuretic hormone on the
kidney tubules 1s lacking the unne volume may nse to about
1o00¢ ¢ fday which indicates a tubular reabsorption n the order
of 110 lures/z4 hours As ponted out by Fisher et al (1938)
since the 1s only sesp bie for 3 hitre of
the 11 g kitres reabsorbed by the tubules per day other factoss
must play an mmportant part 1n determumng the level of such
polyuna In suppost of this view they showed that depriving
diabetic cats of fimd would reduce the urmary output to normal
lesels Simularly the fact that rabbits do not show a permanent
polyunais probably due to the intervention of some other factor
possibly 2 change i renal haemao dynamcs

The overall preture regarding the supracpticohypophysial sys
tem and the effects of leswons tn this system as described by
Ranson and co workers has changed httle  Fursther work has
firmly substantsated the views of the Chicago group mspite of 2
few publications that have suggested that the n hypophysis
18 4 sensary, chemoreceptor orgae  The basss of this latter hypo
thests was histological study of the gland and on the avarlable
data does not ment serious attention

More detailed studies have been made 1 recent years (Whute
Hembecker and Rolf 194z Fickford and Ritchie rgys and
Hembecker White and Rolf 1947} regardmg the part played by
the anterior lobe of the pituitary i the development of 2 max(
mum drahet: As d above aniumals deprnved
of the pars dxstahs as well as the nevrohy pophysss develop only
a slight polyuria of any at all Besides the milder diabetes such
anunals show a reduced diuretic response to sngested water and
reduced insulta creatinine and urea clearances  These effects do
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not appear to be due to loss of the thyrotrophic hormone and
are not reparred by adminustration of suprarenal cortical extracts
or desoxycorticosterone acetate It 1s unlikely that the anterior
pituitary secretes a spectfic diuretic hormone and the evidence
so far suggests that the effects observed in the absence of this
gland are due to changes 1n the vascular condition of the hidney
(White et al, 1942)

(b) Electrical stimulation of the supraopticohypophysial
tract and neurohypophysis

If the views of Ranson are correct that the supraopticohypo
physial nerve tract regulates the secretion of the antidwrenc
hormone 1t would be expected that electrical stimulation of this
tract would elicit signs of A D H secretion This obvious expen
mental corollary to the work of Ranson and his group was not
however forthcoming for several years since 1t 1s necessary to
study iberation of the antidwuretic hormone agamst a background
of water diuresis and since surgical anaesthesia prevents the
occurrence of a water diurests

Haterius (1940) investigated the effects of several types of
anaesthesta on water diuresss and found that a muxture of
chloralose and urethane injected intravenously had the least
depressing action on the excretion of water Using this form of
narcos:s in rabbits he clamped and orsentated the animals heads
1n a stereotaxic instrument and 1nserted electrodes into the regron
of the pituitary stalk This mamipulation nvanably caused
abrupt drminution i the rate of urine flow and further admunts
tration of water by stomach tube frequently resulted 1n death
However good diureses were eventually obtained in 8 expernt
mental and 6 control ammals  Of the § experimental animals 5
showed a definite antidiurests on stimulation of the pituitary
stalk and 3 only transient depression In one of these 3 the elec
trodes were found at post mortem to be x-2 mm  lateral to the
stalk In the 6 control rabbits that had had electrolytic lesions
placed 1n the region of the stalk two to four days previously 4
failed to show an antidiurests on sttmulation  In the 2 animals
m which stimulation cheched the diuresis autopsy revealed
intact prtutary stalks

The problem was further investigated (Harns 1947) after the
remote control method of stimulation for the basal areas of the
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train had been developed This techmque allows repeated
stimulation to be performed m the consciaus ammal and there-
fore gives freedom from the complications of anaesthesia  Stimu
1ation in these experiments was petformed by holdinga primary
coil a fived distance from the surface of the scalp over the em-
bedded secondary cotl {after measunng the thichness of the soft
tissues of the scalp radiographucally) and was applied to a vanety
of regions of the hypothalamus and prtuttacy gland  Over 300
experiments on 27 tabbits gave the following results If the
electrode tip was 1 contact with the supraopticohypophysial
tract 1 the hypothalamus medin enunence wfundibular stem
or process stimulation was found te produce a temporary
hibstion of a water diuresis in the hydrated ansmal  The doration
of the mhibitton varied from 15 minutes to several hours accord
mg to the mtenssy of the sumulus  In any one animal repeated
expertments showed that the response to a guen stimulus re
mamed remarkably constant over periods of weehs or months
Both the antidiuresis and the increase of chlonde concentration
of the urme which folloned laton could be hed by
mtravencus njection of appropriate doses of whole posterior
prtentary extract { Prtwittin - Parke Davis & Co ) or the punfied
pressor fraction { Puressin Parke Dawvis & Co) In ammals
i whch the electrode tip was situated within 3 mm  of the
supraopticohy pophysial tract d p foll d
sumulation but only of the stimulus was stromg  In cases where
the electrode was further from the 5O H tract than § mm
1e 1 vanous regions of the hypothalamus thalamus or pars
distalis of the pituitary the strongest stsmulus 1t was possible to
admimuster to the conscrous animal fasted to ehiet 2 response It
could therefore be said that the spread of stimulus effective 1n
exciting the fine yet ¢ fibres of the
physial tract was not more than § mm
There can be ttle doubt that the aundiaretic and chloruretic
effects produced by electrical sumulation of the supraaptico
hypophysiel tract are due 1o release of the amedsuretic hormone
1t was posuible to compare the smaller responses with those pro
duced by myection of small doses (-5 wU) of postersor prtwtary
extract However the larger responses that followed more 1n
tense sumulation sere found ta be outside the tange of accurate
assay but from vanous hnes of exidence 1t 13 belisved they were

T ypo
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the result of the iberation of antidiuretic hormone corresponding
to about 50 mU of postertor pituttary extract It 1s interesting to
compate these figures with the findings that the neurchypophyss
of the dog normally hiberates antidiuretic hormone at a rate of
1050 mU/hr (Shannon, 1942) or about 36 mUjhr (Verney
1946} and that an emotional stress stimulus in this spectes may
result 1n the release of §-10 mU of hormone (O Connor and
Verney, 1942 O Connor, 1946)

The results of experiments 1nvolving lestons or stimulation of
the supraopticohypophystal tract are in good general agreement

(c) Humoral and nervous reflex excitation of the supra
opticohypophy stal system

The above discussion has been focussed on the supraoptico
hypophysial tract as the nerve tract responsible for regulating
the secretion of the antidiuretic hormone and from the above
and other data it seems clear that the neurohypophysis is as fully
dependent on 1ts nerve supply for actrvity as 1s a voluntary
muscle In the absence of this nerve supply the gland undergoes
atrophy and function ccases

The factors which are at present known to mfluence the
activity of the supraopticohy pophysial system and the secretion
of ADH aresummarized in Fig 49 The more constant factor
regulating A D H secretron appears to be the osmotic pressure
of the blood In one sense this forms a type of feedbaclk mechan
1sm affording rectprocity between the activity of the kidnev (and
intestines lungs and sweat glands) and the neurchypophysts
Superimposed upon this more basic mechanism 1s that due to
nervous reflexes including those excited by emotional stresses
which probably act through a variety of nervous pathways ending
ont the supraoptic nucler

The broad outline of the mechanisms regulating the activity
of the neurohypophysts (as depicted m Fig 49) are very sumlar
to those concerned with the activity of the adenohypophysts (as
depicted i Figs 31 and 42) Furstly the activty of the gland 1s
largely or completely dependent on its connectrons with the
hypothalamus ~ Secondly the resting actvity of the gland
under optimum_ qutescent conditions 1s stabilized by a feedbach

)} related to changes 1n the internal environment and

to some penpheral effect produced by the hypophysial hormone
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(badney excretion and osmotic pressure of the blood or blood
level of target organ hormone) Thirdly superimposed on the
above 1s the effect of the central nervous system which relates
hypophyssal activity to changes in the external environment The
effects produced by changes i the external environment seem to
be closely associated with states of emotional stress and appear
to act by nervous reflex paths wmvolving the hypothalamus

External
environment

Ne vous (emotional
reflexes \“Gress)

- — — __Supraoptic

nucleus

Neurohypaphysis
Osmotic | press
of Zloodwe A;mdm etic
mone
Intestines Kidney
Lungs

Sweat glands

Fig 49 To llustrate the man § ctors affecting the secretion of ant dwretic
hormone The base Ine level of secretion 13 determined by the osmotic
pressure of the blood to whch some reg on in the fo ebrain (probably the
supr optic nucleus) 15 senst € Stimuls arsing in the external en jrontment

ffect the neurohypophysis ether by nervous Teflex paths or ndirectly by in

ducing a state of emot onal stress These latter smul take precedence o er the
forme as may be seen by the nhibstion of a sater d u esis that follo s a
Pa nful st mulus
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the result of the liberation of antidiuretic hormane corresponding
to about 5o mU of postettor pituitary extract Itis teresting to
compare these figures with the findings that the neurohypophy sis
of the dog normally hberates antidiuretic hormone at a rate of
10-50 mU/hr (Shannon, 1942) or about 3 6 mUfhr (Verney
1946) and that an emotional stress stimulus in this spectes may
result 1n the release of 5-10 mU of hormone (O Connor and
Verney 1942 O Connor, 1946)

The results of experiments i olving lesions or stimulation of
the supraopticohypophysial tract are in good general agreement

(¢) Humoral and nervous reflex excitation of the supra
opticohypophys:al system

The above discussion has been focussed on the supraoptico
hypophystal tract as the nerve tract responsible for regulating
the secretion of the antidiuretic hormone and from the above
and other data 1t seems clear that the neurohypophysis 1s as fully
dependent on 1ts nerve supply for actnvaty as 1s a voluntary
muscle In the absence of this nerve supply the gland undergoes
atrophy and function ceases

The factors which are at present Lnown to influence the
actwvity of the supraopticohypophysial system and the secretion
of ADH are summanzed in Fig 49 The more constant factor
regulating A D H secretion appears to be the osmotic pressure
of the blood In one sense this forms 2 type of feedback mechan
1sm affording reciproaity between the activity of the kidney {and
intestines, lungs and sweat glands) and the neurohypophysis
Supenimposed upen this more basic mechanism 1s that due to
nervous reflexes including those excited by emotional stresses
which probably act through a vauety of nervous pathways ending
on the supraoptic nucle:

‘The broad outline of the mechanisms regulating the actnaty
of the neurohypophysis (as depicted 1n Fig 49) are very sumilar
to those concerned with the activity of the adenohypophysis (as
depicted 1 Figs 31 and 42) Furstly the activity of the gland 1s
largely or completely dependent on its connections with the
hypothalamus Secondly, the resting actrty of the gland
under optimurm quiescent conditions 15 stabihzed by a feedbach

1 related to ch in the internal environment and
to some penpheral effect produced by the hypophystal hormone
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Verney o theory that hadsation of an animal results m whibe
tion of postersac pitunary secretion of antidturetic hormone was
compatible with findings soon forthcoming  that dehydration
resulted m siges of peurohypophysial actvation  Sxmon (1934)
and Simon and hardos {1934} found that the neurobypaphysis
of rabbsts gainea pigs and cats kept for 4-5 days ot dry deet
was largely depleted of its hormone content  Cafman and Good
man {1937) discovered an antidwretic substance 1o the unne of
rats dehydrated by depriation of water or «dmunstration of
hypertotac NaCl This substance had properttes stradac 1o that
of postertor prtwmitary extracts and was not fourd w the urme of
normal ammals or of dehydrated hypophysectomized ansmals
These obsenatons have been confirmed by many worhers
though the postenior piturtary otigan of the unnary antidiurense
substance has been questioned However the fact thar direct
electrical stimulation of the supraopticohy pophysial tract in the
normal rabbit causes the app of an antad; ¢
w the unne (Harns  1948) lends support to the view that the
substance observed after dehydration 1s of patwstary ongin

There 1s now much evidence that admuustration of hypertonie
salne causes discharge of the d 1¢ b for such a
procedure will inhubit a water dmrew (Hare Hare ind Phittips
1943 Chambess Melville Hare and Hare 1g46) and will p o
duve fustol 1 changes {C b 19352y and foss of ants
drrettc hormone (Chambers 19436} 1n the neusohy pophysts of
the rat

The h hereb of typ 4
result . actwatton of the neurohypophysts has been studed 1
detarl by Verney who has published reviews of hus ndings
{Verney 1946 1947} In this work Verney used hitches that had
been pennectormzed 10 order to tacihitate Cathsterzation of the
bladder and 1 which caroud loops ' had been prepared the
enabling the njection or perfusion of vanous solutions to be
made mto the common carond artery  He ficst established thar
imjection of isotome selution of sodwm chloxide {upoz20ce
@ 144 M NaClin 20 sec ) snto the carotid axtery or njectinns
of hypertome solutions (up to 20 ¢ ¢ 0 343 M NaCl wn 20 sec 3y
intravennusty did not inhibit 2 water duresis  However mjec
tions of hy pertome sotutions of sodwim chlonde {suchasaoce
of ©343 M NaCl n 25 sec } mto the carotrd artery produced
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Fourthly 1n both cases the stimulating effect of stress predomin
ates over an mhibitory nfluence derived from the internal en
vironment (for example lowered osmotic pressure of the blood
as during a water diuresis or increased blood level of adrenal
cortical hormones) Fifthly the activity of both the adenohypo
physis and neurohypophysts appears to be affected 1n some way
by the secretion of adrenaline

Apart from the diuresis that occurs duning a state of drabetes
mstptdus  there are two other conditions charactenized by a
similar profuse watery diuresis 1e the isolated kidney and
changes in osmotic pressure of the blood

1 Isolated kidney Verney and Starling (1922) and Starling
and Verney (1925) showed that perfusion of a dogs kidney
the 1solated state results in the formation of urine with characters
similar to that seen i diabetes insipidus that 1s of high volume
low speaific gravity and low chloride concentration  On addition
of posterior piturtary extract to the blood circulating 1n the heart
lung kidney preparation the volume of urine formed was re
duced and the chloride concentration increased Simlar effects
were noted by Verney (1926} if a perfused head neck preparation
was switched nto the heart lung hidney circurt though not if
the pituttary gland had been previously removed from the head
It was then clear that the kidney solated from the antiduretic
secretion of the pituitary secretes large volumes of urine but of
low concentration

2 Osmotic pressure of the blood Another condition 1n which a
similar diuresis 1s seen 1s following ingestion of water by mouth
In a study of this state Klisiechs Pichford Rothschild and Ver
ney (19334) admimstered water to bitches with esteriorized
ureters and noted a lag period of 15 minutes between the peah
water load of the tissues and the peak of the diwresis curve It
was found that the diuretic response of the denervated kidney
runs parallel with that of the mnersated lidney and also (Cowan
Verney and Vogt 1938) that a water diuresis 1s unaccompanied
by any change in blood flow through the lidney The suggestion
was put forward (hlisiecki et 2l 19334 and b) that ingestion and
absorption of water results in a decreased osmotic pressure of the
blood inhibitton of the secretion of antidiuretic hormone with 2
consequent diurests which begins after the hormone already 1n
the blood stream has been removed or inactrvated
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chlonde was acung speaifically tn ehiciting the response to mtsa
carotrd njections or by vittue of the sncrease it produced 1 the
osmone pressure of the plasma companson was made of the
effects of app ] produced by sof
of sodium chlonde glucose sucrose sodmm sulphate and wrea
1t was found that for equal increments 1n the osmotic pressure of
the carotid blood produced by sodum chlonde sucrose or sedum

iphate equal of d hormone were biberated
In this respect glucose was shihtly less effectnve and urea was 1
effectve In view of the fact that the only common and equal
change in property of the cazoud blopd caused by the jection
of for example the solutions of sodum chlonde and sucrose
was the merease sn osmonc pressure and that both solutsons pro
duced quanutatively the same release of postenor prantary ants
diuretic substance the conclusion was drawm that the effect was
osmotweally determined  From this 1t followed that some recep
tsve elements are present in the field of the carotid supply which
are sensittve to changes in the osmotic pressure of thes artersal
blood

The site of the osmoreceptors 1s unknown Verney showed
that the carotid body and the carotid sinus 252 not the wite for
denervation of these structures dud not affect the responses ob
tained The field of search has been further marroned by the
following ebsenvatians (a) ligation of the wternal caroud astery

bolishes the resp to the of hypertome solution of
sodwm chionde 1 the corresponding common carotid artery
{Verney 1947} (b} equal responses followed injechion it both
comman ¢asotid artenies of A dog 10 which the neural lobe of the
prtwtary recerved an asymmetnc artersal supply (Jewell and Ver
ney 1953} and {r) the results of itracarotid anfusion of hyper
tomc solutions 1 an antmal before and after intradurat hgavon
of one wternal carotyd suggests the osmoreceptors ke 1 some part
of the prosencephalon {Jewell and Yerney 19,3} () section of
the pitustary statk abolshes the J 1esponse 1o 1ny
of hypertorue safine but f the diencephalon 1 1solated from
peripheral receptors by cutting the mudbram  the cervieal sym
pathetic trunks and the first three cranial nerves the response 1s
stifl retamed {Hare 1947) The extremely vascular nature of the
supraopnc nucle: would suggest these cell groups are strong can
didates for the site of the osmoreceptors  \erney (3947) nouced
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marked mhibttory responses in the course of a watery duresss
(Fig 50) responses that very closely simulated those following
ntravenous injection of posterior prtutary extract The prturtary
origin of the antidiuretic response elictted by intracarotid myec
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Fig 5o Antdiretic responses produced by myection of hypertomic NaCl

into the carotid artery

a At A mjection of 2occ o 57 M NaClinto left carotid in 1 sec b AtA
mngection of 12cc 0343 M NaCl inro left caroud m 60 sec ¢ At A injection
of 12 cc 01390 M NaCl into left carod in 310 sec and at B injection of
12 cc © 343 M NaCl into nght carond 1n 15 sec (graph D) and 1n 10 sec
(gaph E) d AtA myection of 20 ¢ ¢ © 343 M NaCl inro left carotid in 25 sec
Abscissae time after the test dose of water

(From Vemey E B (1947) Proc Roy Soc B 135 25)

twon of hypertonic solutions of sodium chloride was confirmed
by the observation that surgtcal removal of the neural lobe of the
pituitary reduced the response to about 10 per cent of that
obtamed previously In order to find out whether the sodium



Emotional stress 213

also result 1n a decreased urme flow and suggested this might be
due to the emotional accompamment of the procedure * The first
detailed analysis of this phenomenon was made by Rydin and
Verney (1938) who investigated the mechantsm nvolved 1n the
antidiarests produced in dogs by forced running on a treadmuil

Fig 51 Antid uretic response produced by exerc se

‘Water diu esis curves from a fox terrier bitch R’V 4 Fundus of bladder
excised and u ethral ¢ nnula unplanted 10 days before 250 ¢ ¢ water given at
zero tme Be=response on 7th Augiist 1935 (.=responsc on 8th August 1935
The response on August 6th was closely parallel with C A =pertod of exercise
runnng at 6 mph dunng response B O dinate=rate of urine flow mn
©c /2 min Absc ssa=t me ;n m nutes

(From Rydin H & Verney E B (1938) Quart ¥ exp Physiol 21 343)

They found that mild exercise—for example running at 4-5
mph for 4 mnutes—was generally followed by a marhed and
prolonged mhibitton of urine flow (Fig 51) For the following
reasons however they were led to the conclusion that the anty
diuretic effect of exercise was not due to the exercise per se but

! This observation calls to mind the finding that the unexercised coach or
coxswan as well as the rowmng cre  tnvolsed n a boat race a e stimulated to
secrete ACTH fron the anter or pitutary wath & resultant eosinopema
(Renold Qu gley hennard & Thorn 1952)
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small vestcles situated 1n the supraoptic nuclet of the dog and as
he says constdered the ascription of an osmotic function to these
structures as a speculative indulgence Jewell (1953) studied the
cytological features of these vesicles further He found that they
are 1ntracellular structures in close proximity to, but not con
nected with the capillary plexus of the nucleus His observa
tions were compatible with the view that they function as
minute osmometers

More prolonged experiments involving intracarotid 1nfusions
as opposed to mjections of hypertonic solutions have been per
formed (Verney 1947)nanattempt to gather information regard
ing the smaller and more prolonged changes that occur in the
osmotic pressure of the blood in the normal amimal  In this con
nection 10 and 4o minute infustons showed that osmotic
changes 1n the carotid blood when reduced to a range well
within that which may reasonably be regarded as physiological
are still operative in causing the release of post pituitary anu
druretic substance It 1s likely from these results in the dog
that an increase of only 1 per cent in the osmotic pressure of
aortic blood would reduce a water diresss to only 10 per cent of
the maximum rate of urine output which corresponds to a
release of about 1 pUfsec of antidretic substance Such
changes 1n osmotic pressure are within the range of falls reported
1n water diurests n man A further finding of interest 1n regard
to various clinical states 1s that the osmoreceptors adapt to
fusions of glucose and urea The process of adaptation probably
reflects a permeabulity of the b of the osmorecep
to these substances and explamns why patients with a high level
of blood glucose for example those suffering from diabetes mel
Ittus can be polyurtc

Emotional stress

Claude Bernard reported 1n 1859 that the rate of urine secre
tion was reduced during states of emotional stress associated with
with operative procedures in the human This phenomenon was
observed during operations by Jobert on certain cases of vesico
vagmnal fistulae It has also been hnown for many years that
muscular exercise 18 related to inhibition of a water diuresis
Mackeith Pembrey Spurrell Warner and Westlahe (1923) w ho
studied the effect of exercise noted that 2 feigned run  could
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response to emotional stress 1s due to some agent humorally
conducted to the kidney and that this agent 1s not adrenaline
Since the course of the inhibitory resp could be hed
with very small doses of post pituitary extract it seemed lihely
that 1t was due to reflex excitation of the neurohypophysis This
s1ew has been put to the experimental test by O Connor and
Verney (1942) who studied the effect of emotional stress on a
water diurests after removal of the posterior lobe of the pituitary
and by O Connor {1946) who made simlar studies after section
of the supraopticohypophysial tract Both operative procedures
resulted 1n greatly reduced ant:d resp that
assayed at only about 5 per cent of those present before opera
tion There can be httle doubt then that sensory stumuli of
various types which result m the so called state of emotional
stress will activate nervous pathways to the supraoptic nucler
which 1n turn excites the release of antidiuretic hormone from
the neurchypophysts

The effect of sensory nerve sttmulation on the excretion of
water by the kidney has been frequently attributed to activation
of the neurohypophysis For example this explanation has been
put forward with more or less data 1n 1ts support to explain the
renal effects observed after retinal stimulation with flashing hight
m the rat (Boyd Lee and Stevens 1943) electrical sttmulation
of the vagus nerve 1n the dog (Chang Chia Huang and Lim
1939) and sensory stimulation of the lumbar area (Theobald and
Verney 1935 Haterius 1940) It mught be argued that in some
of these cases the position 1s really akin to that associated with
exercise that 1t 1s not the procedure itself which 1s ultimately
responsible for the excitation of the neurohypophysis but rather
the associated emotional stress For example Theobald (1934)
found 1n the dog that not only lumbar puncture but also shaving
the skin of the back or even ostentatious preparations for the
operation might result tn anantidruretic response  Inthe human
Noble and Taylor (1953) have confirmed the release of anti
diretic hormone 1n relationship to fainting and comment that
this 1s to be related to the fanting and only mdirectly to the
stimulus which initiates the farnt The practical implications of
this argument are firstly there would be no good grounds for
expecting direct nervous connections between the ascendmg
sensory tracts 1n the midbrain and the supraoptic nucler and,

H
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the emotional stress accompanying the exercise  Furstly if the
ammals were repeatedly cvercised the inhubitory response pro
gressively dimtnished to final extinction  Secondly, by combin
ing with exercise (the antidwretic effect of which had been ex
tinguished by repetition) an unpleasant frightening notse such as
the sounding of a car horn 1t was possible to produce an inhibit
ory response  And thirdly emotional stress alone either due to

7 = 7 . 7
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Fig 52 Antdwretic response of a muld pam stimufus compared with in
Jection of postenor pituitary evtract
‘Water diurests curves from bitch R V 11 250 c ¢ water gien at zerd time
A =period of annoyance with puld faradic sumulation while curie D was being
obtaned five sumuli were given each of one second s duration B=tme of
ntravenous tngection of 1 cc o 85 per cent NaCl containing 10 * c¢ post
pitwitary extract this was injected while curve C was being obtamed  Ordinate
e=rate of urine flow m c¢c 2 min_ Abscissa=time 10 munutes
(From Rydin H & Verney E B (1938) Quart J exp Phynol 21 341)

cacophonous noise or the sumulus of a weah subcutaneous
faradic current (F1g 52) produced an inhibitory response quite
sumilar to that obsersed as a result of evercise A study of the
antidruretic response to emotional stress alone was then under
taken and 1t was found that the response was unaltered by divi-
sion of the renal nerves removal of the nght adrenal gland and
denervation of the feft or abdommnal sympathectomy Irom
these and other expeniments the conclusion was drawn that the
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Feldberg and Vogt (1948) found very low values for the chohne
acetylase (enzyme system concerned with the formatson of acetyl

choline) content of the neurohypophysis though they obtamed
tugher values for the supraoptic nucles More recently Duke

Pickford and Watt (1950) have been able to produce a reversible
state of diabetes nsipidus by njection of di 1sopropyl fluoro

phosphate (D FP) an inhit of chot directly nto
the supraoptic nucler of dogs This procedure resulted m first

2 profound inhibitton of urme flow followed by a polyuna of
about 4-19 days duration and then return of the urine volume
to normal values It seems then that the cells of the supraoptic
nucleus are under the control of at least some choltnergic afferent
fibres but that the fibres of the supraopticohypophysial tract are
not cholinergic 1n nature

The effect of adrenaline on the nervous reflex release of
the antidiuretic hormone

It 1s an 1nteresting fact that adrenaline seems to be related
some way with the nervous mechanism regulating the secretion
of hormones from both lobes of the pituitary gland In earher
chapters the relationship between adrenaline and mcreased re
lease of adrenocorticotrophic hormone and possibly with the
release of gonadotrophic and thyrotrophic hormones have been
discussed In this and the next chapter work dealing with the
nfluence of adrenaline on the secretton of the neurohypophysis
will be mentioned

As described above Verney and his colleagues established by
means of a long series of experiments that emotional stress 1n the
dog 1s followed by an inhibition of 2 water diuresis and that this
nhibition 1s due to increased actrvity of the neurohypophysis
elicited via the supraopticohypophysial nerve tract Much of
this work had been performed on dogs after denervation of the
Lidneys and division of the splanchmec nerves Further study by
O Connor and Verney (1945) revealed that 1n normal dogs emo
tional stress may be followed by two different types of ant
diuretic responses In 21 normal bitches emotianal stress was
followed by a long slow mhibitory response of postersor pitutary
typen all tests 1n 3 animals by rapid fleeting inhsbitory responses
1 all tests 1n 7 ammals and by one or the other response or by
combined responses mn 11 ammals In an attempt to separate
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secondly different results might be expected from similar ex
perunents performed on laboratory antmals or man

It 1s unknown whether physical stress or trauma separate
from any emotional stress or excitement would form an effectrve
stimulus to the supraopticohypophysial system The observation
of Rydin and Verney (1938)—that slow artenal haemorrhage
(such as 58 cc blood loss 1n 53 mm) 1n the dog, results
tnfling and transient changes in blood pressure but a profound
antidwurests of posterior priuitary type—would suggest that this
18 so However the reflex release of the vasopressor substance
(or antidwretic hormone) from the posterior pitwitary gland
nught be looked upon as a comp ing mecl to
the blood pressure after haemorrhage Other stimuls that have
been shown to result i postertor piturtary actwvatton such as
electro convulsive shock therapy 1n the human may clearly
exert their effects 1n a number of ways It 1s difficult to devise
expertments tn which physical trauma may be imparted to an
animal without at the same time producing emotional excite
ment

It 1s clear however that certain afferent nerve fibres end on
and modify the activity of the supraoptic nuclet The anatomy
of these fibres 1s unknown but there 1s evidence that at least some
of these fibres are cholinergic 1n nature Pickford (1939) found
that intravenous myection of acetylcholine mto dogs inhibited 2
water diuresis, the response being abolished by remosal of the
neural lobe of the piturtary gland  Since this effect of acetylcho
Iine was exhibited 1n the presence of atropine 1t seemed likely to
belong to those effects of acetylcholine called nicotine like and 1t
was later found that nicotine stself had a simular action 1n the
human (Burn, Truelove and Burn 1945) Pickford (1947) local
1zed the site of action of acetylcholine more exactly by finding
that injection of 0 004 ml (2-40 ug ) of acetylchohne solutton
directly 1nto the supraoptic nucle: of dogs resulted in Iiberation
of the antidiuretic hormone Further evidence for 2 central
action of acetylcholine 1s the fact that much smaller doses are
effective 1f injected 1n the carotid artery rather than intravenously
(Pickford and Watt 1951) It was then apparent that it was the
cells of the supraoptic nucleus and probably not the cell> (1f any)
upon which the supraopticohy pophysial tract termmnates that
are sensstive to acetylcholme  This 1s supported by the fact that
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that adrenaline may exert 1ts effect at least mn part by an action
as far downstream 1n the neural mechamsm as the supraoptic
nuclet
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the mechanisms by which these two types of responses are
brought about 1t was found that removal of the neural lobe of the
puutary abolished or greatly dimimished the slow type of in
hibition, but left the rapid type of mhibition unchanged In
other dogs the operation of abdominal sympathectomy splanch
nic nerve section and renal denervation was followed by the un
expected result that emotional stress now invarably caused a
long slow nhibition of water diuresis, whatever had been the
nature of the mhibitton before operation It seems therefore that
there 1s some effect produced by the sympathetic nerve supply
to the kidney and adrenal which not only produces a rapid fleet
ing inhibitory response after emotional stress but may also block
the response due to the neurohypophysis To investigate this
latter phenomenon dogs 1 which the renal adrenal area had
been denervated were used In these animals emotional stress
was invariably followed by a prtuitary type antidiurests but 1t
was found that imjection of 15 pg of adrenaline 3o seconds
before the emotional stress stimulus resulted 1n a rapid type m
hibition with abolition of the slow inhibition  Since mjection of
adrenaline did not mod:fy the effect of injected postertor pitutary
extract the concluston was drawn that adrenaline prevents the
release of antidiuretic hormone during emotional stress but does
not affect the action of antidiuretic hormone on the hidney
Further experiments showed that tyramine has an action sumilar
to adrenaline 1n this respect indicating that this action of
adrenalime 1s not highly speaific

The way 1n which a previous mnjection of adrenaline or tyra
mine acts to prevent the release of antidiuretic hormone follow
ing an emotional smulus 1s not clear Verney (1947) discusses
two possibilities—that the action 1s induced by an increased
cerebral blood flow or through a specific interference 1n the
chain of chemical reactions initiated in the nervous system by the
emotional stimulus He concludes that from the evidence avail
able the latter alternative seems the more Likely It 1s tempting
to suppose that the site of action of adrenaline 1s at the supra
optic nucler Since there 1s good evidence that a cholinergic
mechanism obtains at the supraoptic nucler and since injection
of adrenaline may prevent the release of antrdiretic hormone
which normally follows the mjection of acetylcholine (Duke and
Pickford 1951) there would seem to be grounds for concluding
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CHAPTER 1w

REGULATION OF THE SECRETION O THE
OXYTOCIC HORMONE

Ssnce the early observations of Dale (1g0g) and Ott and Scott
(1g10) that admumstration of crude extracts of the posterior
pitustary gland may result s contraction of the uterus and ex
pulsion of milk from the mammary gland much attention has
been given to the posstbility that these actions represent physio
logical funcuions of the gland  Exidence now available shows that
the uterine and mammary activities of posteror pitustary extracts
both reside in the same fraction referred to i the following pages
as the oxytoae hormone The exytocc compound synthesized
by du Vigneaud Ressler Swan Roberts hatsoyanmis and Gor
don (1953) was found to possess the expected activity when
tested on the rat and human uterus and human mammary gland

It seems likely that the neurchypophysis is excited by nervous
reflex paths to secrete oxytecic hormene under at feast three
different condinons

(@) Duning partunition—distension of different parts of the
reproductive tract (Utertne cerviy 12gina) may escite nervous
paths 1n the spnal cord and hypothalamus thus leading to
oxytocie secretiont and forceful uterine contractions

(&) During cotus—reflex excrtation of oxytocse secretion may
fead to mereased utenne motthity and so play a partin transporta
tion of sperm

{¢} Duning suckhng—sensory stimulation of the mpple evokes
reflex secretion of oxytocic hormone which causes contraction of
the myoepthehal tissue of the y gland and so results tn
mulk gjection

The data refating to these three possible functions of the
neurchypophysis will now be discussed

1 The neurohypophysts and parturition
There has been a tact assumpiton on the part of most authors
ever since the oxytoae ( quich buth ) actsaty of postenor
priutary extracts was first discovered to assume that the neurg
223
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one animal as often as desired over a pertod of many months
Since the vagina of the normal rabbut 1s too long to give access to
the uterine cervices a preliminary operation was carned out in
which the upper segment of the vagma bearing the utermne cer
vices was transplanted to the anterior abdomunal wall In order
to standardize the oestrous state and therefore the uterme react:
ity ovariectomy was performed at the time of the transplanta
tion operation and a tablet of stilboestrol di n butyrate implanted
beneath the skin of the flank The routine procedure for record
g uterine motility was to restrain the amimals 1n a position of
dorsal decubitus 1nsert a balloon 1n one utermne horn and record
the uterine movements on 2 hymograph The results obtained
using these techniques were as follows  The anoestrous or spayed
rabbit shows a qurescent uterus The records obtained showed
no rhythmic contractions and 1n many cases were straight lines
‘The reactivity of this tvpe of mems to postemr lobe extract or
to stimul of the supraop physial tract was nil or
minimal As the oestrous state de\eloped erther through the
activity of the anmmal s own ovaries or by the slow absorption of
a stilboestrol pellet spontaneous rhythmic contractions appeared
m the uterine tracings and at the same time the uterus responded
to injection of posterior lobe extracts or to sttmulation of the
supraopticohypophystal tract The detailed pattern of the res
ponse varied with the dose and type of extract (whole extract or
punfied oxytocic or pressor fractions) and with the strength of
the stimulus (see Fig 53 ) In general 1t may be said that 1520
seconds after intravenous injection of posterior pitutary extract
or 2030 seconds after starting electrical stimulation of the supra
opticohypophysial tract a strong tetamic contraction of the
uterus commenced This tetanus was mantained for about a
munute and was followed by a gradual fall in tone over a period
of 4~5 minutes with the reappearance of spontaneous contrac-
tions of increased frequency and amphitude The response to
electrical excitation of the neurohypophysts could be matched
very closely by injection of appropriate doses of posterior pitw
tary extract Maximal stimulation was found to be equivalent to
the 1njection of 200-500 mU of the oxytocte fraction Repetition
of an experiment on any one amimal over a series of days gave
reproducible results Gradation of the intensity of the stimulus
to the supraopticohy pophysial tract resulted 1n equivalent grada
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ently normal labour To test this possibility rats suffering from
diabetes insipridus following high pituitary stalk section had
etther the muscles of the abdominal wall denervated or the nerve
supply of the uterus mnterrupted (Colfer and Harns unpub
lished) In some of these animals even these procedures did not
prevent normal evacuation of the uterus Denervation of the
abdominal wall often resulted tn the last member of a hitter being
retamned in the vagina the other members of the litter having
been shunted 1nto the external world by their next of hin

(¢} Stemulation of the neurohypophysis In 1938 two papers
appeared which indicated the hormonal nature of the otjtocic
principle Chang Lim Lu Wang and Wang (1938) found that
stimulation of the central end of the vagus m the dog caused the
appearance of an oxytocic substance 1n the blood and Haterius
and Ferguson (1938) found that electrical stimulation of the
pituitary stalk of the rabbit resulted 1n increased uterine activity
Haterius et al first used oestrous rabbits but found that their
uterine reactions were too irregular  They finally used post
partum rabbits 2-8 hours after delivery The ammals were
anaesthetized the uterus filled with Ringer s solution and cannu
lated and the piturtary stalk sttmulated with the aid of a stereo
taxic instrument  Such sttmulation was shown to result m n
creased frequency and sometimes increased amplitude of the
uterine contractions ‘The response was abolished by cauterizing
the prtuitary stalk but not by spinal transection vagotomy or
splanchnic nerve section This work was criticized on the
grounds that the uterine responses may have been secondary to
changes 1n blood pressure In reply to this objection further
work by Ferguson (1g941) showed that the uterine response was
still obtained even if all the tissues of the neck were crushed
except the carotid arteries jugular veins and a flap of skin Also
any increase 1n blood pressure was found to follow the uterine
response and not to precede 1t

More detailed studies of the uterine responses to stimulation
of the supraopticohypophystal tract of the rabbit were made with
the remote control technique of stimulation (Harris 1947—see
Chapter 4) Using this method 1t became a relatively simple
procedure to study the effect of sttmulation of different areas
the hypothalamus or pituttary on the uterine motility of the con-
scious rabbit  Repeated experiments could be performed on any
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were all markedly decreased or disappeared It should be men-
tioned that 1n these expeniments the stmulus was of 2 highly
localized nature maximal respanses were obtained from the uterus
only 1f the stimulating tip of the electrode was 1n or 1n contact
with some part of the supraopticohypophysial tract 1n the tuber
cinereum or 1 the infundibular stem and no utertne response
was observed if the electrode was more than o 3 mm from the
tract in any derCthn

The uterine reactions following stimulation of the pituitary
stalk 1n the oestrous or vestrogenized rabbit (Harnis 1947) were
very simular to those described by Haterius and Ferguson (1938)
and Ferguson (1g41) m the post partum rabbit This fact 1s
perhaps hardly surprising since the endocrine state of some post
partum rodents 1s probably very sumilar to that of cestrus as
shown by the regularity with which mice rats and non suckling
post partum rabbits come 1ato oestrus within a few days of
delivery The fact that electrical stimulation of the neurohypo
physis or 1ts nerve supply results 1n secretion of the oxytocic
hormone and thereby greatly augmented uternine activity cannot
be taken as positive evidence that the neurohypophysis plays
any part mn normal labour though 1t demonstrates the poten
tiality of the gland to tulfil such a role However Ferguson
(1941) produced further evidence relating to this problem Ina
study conducted on rabbits 8-48 hours after parturition he
found that mechanical dilatation of the body of the uterus cervix
of the uterus or vagina stimulates a nervous reflex release of
oxytocic hormone and an ncrease 1n contractions of the body of
the uterus That these reactions are mediated by an afferent
nervous path was shown by the results of sectiomng the spinal
cord and that they involved the pituitary gland by the fact that

hypoph bolished the utermne resp Ferguson sug
gests that the mechanism of partuntion involves reflex stimula
tion of oxytocic secretion probably 1n varying with the

part of the reproductive canal undergmng dilatation and postu
lated a series of reflexes that might form the basis for the delivery
of a number of uterine foetuses one by one to the exterior
Although this work was performed 13 years age as far as 1s
known 1t has not been repeated 1n the rabbit or other forms This
seems unfortunate since such observations might be of much
significance 1 regard to the mechanism of labour and since
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tion of the uterine resp , so that resp that hed with
these following injection of 10 mU to 200-§00 mU posterior
prtuttary extract could be produced at will Dunng periods of
pseudopregnancy or following 1njection of progesterone the
spontaneous actrvity of the uterus and the responses to postertor
prturtary extract or electrical excitation of the neurohypophysts

M

T Response of the oestrous uterus to
‘%n)se:‘lecmcal stimulation of the supraopticohy pophysaal tract S
(5) 1ntrar enous mjection of soo MU pituitrin .
tray enous snjection of 500 mU  prtocin
(Ff"r;)n:nlhms G W (1947) Philos Trans B 232 185)
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were all marhedly decreased or disappeared It should be men
tioned that in these experiments the stimulus was of a highly
localized nature maximal responses were obtained from the uterus
only if the simulating tip of the electrode was 1n or 1n contact
with some part of the supraopticohypophystal tract in the tuber
or tm the infundibular stem and no uterine response
was observed if the electrode was more than ¢ 5 mm from the
tract 1n any direction
The uterine reactions following stimulation of the piturtary
stalk 1n the oestrous or oestrogemzed rabbit (Harris 1947) were
very sumilar to those described by Haterius and Ferguson (1938)
and Ferguson (1941) 1n the post partum rabbit This fact 15
perhaps hardly surpristng since the endocrine state of some post
partum rodents 1s probably very similar to that of oestrus as
shown by the regulanty with which mice rats and non suckling
post partum rabbits come into oestrus within a few days of
delivery The fact that electrical sumulation of the neurchypo
physis or 1ts nerve supply results in secretion of the oxytocic
hormone and thereby greatly augmented uterne activity cannot
be taken as posttive evidence that the neurohypophysis plays
any part 1 normal labour though it demonstrates the poten
tality of the gland to fulfil such a role However Ferguson
(1941) produced further evidence relating to this problem Ina
study conducted on rabbits $-48 hours after parturition he
found that mechanical dilatation of the body of the uterus cervic
of the uterus or vagma stumulates a nervous reflex release of
oxytocic hormone and an increase 1 contractions of the body of
the uterus That these reactions are mediated by an afferent
nervous path was shown by the results of sectioning the spinal
cord and that they involved the pituttary gland by the fact that
hypophysectomy abolished the uterine responses Ferguson sug
gests that the mechanism of partusition involves reflex stunula
tion of exytocic secretion probably i amounts varying with the
part of the reproductive canal undergomng dilatation and postu
lated a sertes of reflexes that mught form the basss for the delvery
of 2 number of utenine foetuses one by one to the extenior
Although this work was performed 13 years ago as far as 1s
known 1t has not been repeated 1n the rabbit or other forms This
seems unfortunate since such observations might be of much
significance 1n regard to the mechanism of labour and stnce
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1solated observations continue to accumulate that the neurg
hypophysis 1s implicated It can now be taken as estabhshed
that secretron of oxytocic hormone 15 excited by the sensory
stimulus of suckhing at the mpple and that this hormone 15 of
prime importance 1 the process of milk ejection  With this fact
m mund the tollowing two observations, for example would 1n
dicate a promunent role for the oxytocic hormone duning labour
1n women

(1) Mavis Gunther (1948) has observed the expulsion of milk
from the nipples of a woman m labour who was lactaing from a
previous pregnancy The mammary expulsion of mulk comcided
with the labour pains (uterine contractions) and was duphcated
by injection of prtuitrin at the end of the second stage of labour

(u) The fact well known to mudwives that uterine mertia
complicating the birth of the second baby of twins may be cured
by putting the first baby to the breast

2 The neurohypophysis and sperm transport

It 1s difficult at first sight to see any phystologreal significance
1n the fact that the rabbut possesses as described above a mech
anusm for mcreasing the activity of the empty cestrous uterus It
1s well established that the shmulus of coitus n the cestrous
rabbit excites a nervous reflex acttvatton of the adenohypophysis
with consequent hiberation of gonadotrophin On the baws of
these facts 1t was suggested by Harris (1947) that cottus m the
rabbit alse by a nervous reflex excites the neurohypophysis to
Iiberate oxytocin which increases the motility of the uterus and
thus aids transport of the semunal fluid up the female reproduc
tive tract

Rate of sperum transport There 1s good evidence that in many
ammals sperms reach the ovanan end of the Fallopran tube a
very short time (few seconds or minutes) after mating  In the rat
Hartman and Ball (1930} found large numbers of spermatozoa
were present tn the uterus within 30 seconds of coitus and had
reached the ovarian end of the uterus in less than 2 minutes The
findings of other workers such as Blandau (1945) for the rat
Florey and Walton (1932) for the rat and guinea pig and Lvans
{1933) for the dog also wndicate that the speed of transport of
sperm 1n the female tract 1s so rapid that 1t cannot be accounted
for by the rate of swimmung of the sperm and must be due 1n
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some way to moiements of the uterus and uterme tubes St
lar findings have been put forward for the large agncultural
amimals such as the sheep and cow 1n which studies have been
made recently 1n virtue of the nterest aroused by techniques of
artificial msemination  The earhier accounts for the sheep and
cow indicated that about 5 hours was required for sperm to reach
the oviducts 1n both forms but more recent work using im-
proved methads has demonstrated sperm 1n the ovanan portion
of the uterine tubes 1n the ewe 6 minutes after mating (Starke
1949) and within 2 5-4 3 minutes after mating or arttficial in
semination of motle or non motile sperm 1n the cow (Van
Demark and Moeller 1g9,1) Data given by different workers for
the rate of sperm transport in the rabbit have undergone the
same sequence of change as in the case of the cow and sheep
Heape (190,) found that sperm reach the ovanan end of the
uterus about 2 hours after copulation 1n the rabbit Florey and
VWalton (1932) confirmed Heape s observation and asserted that
1 the case of the rabbit uterine movements play no part in the
transport of seminal flud However Parker (1931) after 2 thor
ough study of the time taken by sperm to pass from the vagina
to the uterus m the rabbit concluded that this was too short to
be accounted for by the rate of swimming of the sperm estimated
at 00, mm fsec and from these and other observations con
cluded that the ascent of spermatozoa nto the uterus 1s depen-
dent on a vigorous muscular reaction of the uterus excited by
the act of cottus  Later studies by hrehbiel and Carstens (1939)
have shown that spermatozoa may arrive at the utero tubal
Junction within 10 minutes from coitus in the rabbit

Two points clearly emerge from the above data Farstly that
great care must be paid to details of techmque in searching for
sperm 1n different parts of the female reproductive tract  Second
ly thatn the rat gumea prg dog rabbit sheep and cow sperm
reach the upper end of the uterus within a few mmutes from
mating that 1s with a speed that cannot be accounted for 1n
terms of sperm motility

Uterine motihity and sperm transport Parher (1931) quotes one
excerpt from an early paper by Heape (1898) It 1s not clear
how the spermatozoa naturally find their way from the vagina to
the uterus but from certain expeniments which I have made on
rabbits I am inclined to think the greater part of 1t 1s drawn 1
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by a sucking action of the uterus The os which 1s placed above
the ventral wall of the vagina appears to dip down mnto the mrdst
of the spermatozoa as they lte on the floor of the vagina and m
comunction with peristaltic contraction of the uterus to be with
drawn again and this action appears to be repeated more than
once at mtervals This suching action of the uterus in the
rabbit above mentioned was induced by stimulaning the erectile
tissue of the vulva  Ths last sentence of Heape s almost un
plies a reflex wmith the sensory receptors in the genital area as
underlying the increased uterine motility These results have
been confirmed by the %-ray studies of hrehbrel and Carstens
(1939) In this work it was found that artifictal sumulation of the
vulz of rabbits caused radio opaque flurds placed in the vagna
to be carned to the tubal end of the uterus 1 2-5 mtnutes

A similar activation of the uterus seems to be brought about
by the natural sumulus of wmating  Revnalds (1q30) (hts Table I)
noted that cortus 1n the rabbit results in mcreased uterine move
ments HOWCVCI’ since such ncreased movements mlght or
might not result 1n increased transport of the fluid up the genstal
tract the observations of Mullar (1952) are of more sigmficance 1n
this respect Millar measured the mtrauterine pressure 1 the
mare by means of a cannula in the cervix and found that a con
siderable negatne pressure 1s developed duning coitus  In the
two mares tested during maung 79 m! and 8o mi of fimd were
suched 1nto the uterus respectively 1n approumately 5 seconds
Thus required a pressure difference of o 7 pound per square inch
making allowance for atmospheric pressure

Cvidence that the tncreased uterine movement dunng mating
1s of neurohypophystal onigin has been obtaned VanDemark
and Hays (1952) mnserted 2 balloon mnto the uterus of cons and
recorded uterine movements during the several phases of mating
They found that the sight of the male the approach mounting
and final ejaculation all served as stymuh which resulted 10 in
creased utenine tone and contractions  Ejaculation praduced the
greatest uterine response which was characterized by tetanic
contracttons  VanDemark and Hays (1951) alo found that
uterne mottlity was produced by sttimulation of the vulva and
cenvix during artihcral insemnation i the cow  These utenne
mothity patterns could be duplicated 1 the absence of other
stimulation by imjecting the con with 15 umits of oxytoen A
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hne of evidence that the mcreased utenne activity during coitus
15 causally related to release of oxytocic hormone 1s derived from
observations on the y gland As d above 1t 1s
well substantiated that the mam factor underlying milk gjection
15 the blood level of oxytocin With this pomt i mind 1t 1s
that (a) pulation of the vulva and cervix uter: of
the cow results m a rise in ntramammary pressure (Hays and
VanDemark 1953) (b) the act of mating 1n the lactating human
female may be followed by a flow of mlk from the mammary glands
(Pickles 1953 Harns and Pickles 1953 Campbell and Petersen
1953) Such milk ejection may occur independently of any man
1pulation of the mammary gland and may 1n certain individuals
follow even trivial sttmuli {(a compliment by the husband)

So far no direct evidence 1s available inking the stimulus of
cortus with oxytocn release There are no reports of blood
assays of oxytocic hormone before or after coitus and no data
regarding the rate of sperm transport in animals following destruc
tion or denervation of the neurchypophysis The time appears
appropriate for such experiments

3 The neurohypophysis and milk ejection

Lactation consists of two mam processes milk formation 1n
the mammary gland which 1s largely under the control of the
adenohypophysis and mulk ejection which 1s now known to be
under the control of the neurohypophysis These two distinct
Pprocesses should be borne clearly m mind especally when con
stdening expeniments concerming the hypothalamus or pitustary
gland which may mvolve changes in secretory activity of erther
or both lobes of the prtustary and therefore 1n erther or both
parts of the lactational performance

The mechamism whereby suckling young obtain mulk from
the mammary gland has long been a matter of speculation As
early as 1898 Schafer suggested three possible mechanisms that
might underly this process He thought that the act of suckling
might stmulate a nervous reflex 1n the mother resulting i (1)
muscular contraction 1n the breast (u) arterel dilatation 1 the
breast or (1) mcreased mulk secretion  Any theory advanced 1n
this field must be able to account for the striking feature known
as the let down 1n agncultural arcles or the draught m
medical arcles The let down refers to the sudden nise m
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by a sucking action of the uterus The os which 1s placed above
the ventral wall of the vagina appears to dip down into the midst
of the spermatozoa as they lie on the floor of the vagina and 1n
conjunction with penstaltic contraction of the uterus to be with
drawn again and this action appears to be repeated more than
once at intervals This sucking action of the uterus in the
rabbit above mentioned was induced by stimulating the erectile
tissue of the vulva  This last sentence of Heape s almost 1m
plies a reflex with the sensory receptors in the genital area as
underlying the increased utertne motiity These results have
been confirmed by the X ray studies of hrehbuel and Carstens
(1939) Inthis work 1t was found that artifical stimulation of the
vulva of rabbits caused radio opaque fluds placed 1n the vagina
te be carried to the tubal end of the uterus 1 25 munutes

A similar activation of the uterus seems to be brought about
by the natural stimulus of mating  Reynolds (1930) (s Table I)
noted that cortus in the rabbit results in increased uterine move
ments However since such increased movements might or
might not result 1n increased transport of the fluid up the genstal
tract the observations of Millar (1952) are of more significance 1n
this respect Millar measured the intrauterine pressure in the
mare by means of a cannula tn the cervix and found that a con
siderable negative pressure 1 developed during coitus  In the
two mares tested during mating 79 ml and 80 ml of fluid were
sucked 1nto the uterus respecttvely in approximately 5 seconds
This required a pressure difference of o 7 pound per square inch
making allowance for atmosphenic pressure

Evidence that the increased uterine movement duning mating
1s of neurohypophysial origin has been obtained VanDemarh
and Hays (1952) nserted a balloon nto the uterus of cows and
recorded uterine movements during the several phases of mating
They found that the sight of the male the approach mounting
and final ejaculation all served as sttmuli which resulted
creased uterine tone and contractions  Ejaculation produced the
greatest uterme response which was charactenized by tetamic
contractions VanDemark and Hays {1951) also found that
uterine motility was produced by sumulation of the vulsa and
cenvix during artificial insemination 1 the cow  These utenne
motlty patterns could be duplicated i the absence of other
stimulation by njecting the cow with 15 units of oxytoan A
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milk ejection a reflex in which the afferent side of the arc 1s
formed by sensory nerves and pathways and the efferent stde by
the oxytocic hormone 1n the blood stream Ewvidence that a
humoral component 1s mnvolved was implied by the early and
significant results of Gaines (1915) Five years after Ott and
Scott (1910) showed that injection of pitwitary extract increases
the amount of mulk obtanable from the cannulated udder of the
goat Ganes showed that mjection of posterior piturtary extract
produces pressure changes mn the cisterns of the goats udder
that are very similar to the changes observed 1n the udder of the
cow during milking From studies on the dog Gatnes also
observed (a) the long latent period between the start of suchling
by pups and the onset of milk flow and (b) the fact that sucklmg
pups cannot obtain milk from an anaesthetized bitch unless the
latter 1s injected with posterior pituitary extract It was left
however to Ely and Petersen (1941) to put forward the view that
secretion of oxytocic hormone sttmulated by manipulation of the
nipple forms an essential part of the physiological mechanism
underlying the process of milk ejection Petersen and his co
workers (see Petersen 1944) demonstrated that milk ejection
could be stimulated 1n the 1solated perfused udder by addition
of oxytocin to the perfusing blood Simlarly Petersen and
Ludwick {1942) obsersed that blood withdrawn from the jugular
vem of cows subjected to a milking lus but not from un
stimulated cows evoked ejection of milk when perfused through
the 1solated udder preparation Confirmation of these results has
been obtamed by Peeters Massart and Coussens (1947) Such
expertments established the humoral nature of the strmulus to the
mammary gland but the origin of the humoral factor was not clear
If milk ejectton 1s dependent on nervous excitation of the
neurohypophysis 1t seemed possible that electrical stimulation
of the nerve supply of this gland would eheit milk gjection and
that lesions interrupting this nerve supply would interfere with
milk ejectron 1n response to normal suckling With these 1deas
1 mind Cross and Harns (1952) investigated the effect of stimu
lating and placing lesions m the supraopticohypophysial tract
of lactating rabbits For the first expeniment lactating rabbuts
were hghtly anaesthetized and a fine glass cannula connected to
a piston recorder 1nserted 1nto the teat duct of one mammary
gland The amimal s head was then ortentated 1n a stereotaxic
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ntramammary duct pressure and onset of milk flow that occurs
about 30 ds from the co of suckling or mlk
mg It 1s easy to observe in many forms (rabbit dog cow goat
human and others) that during the first half minute of even
vigorous suckling no mulk s obtamned by the young but that at
the end of this period mulk starts flowing suddenly and freely
This long latent period between the commencement of suchling
and milk flow would tend to eliminate theorses based on a purely
nervous reflex and contraction of muscle tissue

In the years that followed Schafer s account vanous workers
found that at least two of the possibilities he had proposed could
be elunmnated Furstly Ely and Petersen (1941) showed that a
nervous reflex 1 which both the afferent and efferent sides of
the reflex are constituted by nerve pathways could not be the
basis for the mulk ejectton process since cutting the motor
nerves the iho inguinal and posterior inguinal nerves to one
half of the udder of the cow had no effect on the amount of milk
obtamned from that half of the udder Secondly histological
exammation of mammary tissue from many forms revealed a
strking lack of muscular tissue especially around the alveolt
Since alveolar milk as well as that 1n the ducts 1s made available
to the young during suchling this paucity of muscle tissue 1n the
breast gave rise to speculation as to the nature of the contractile
cells Only recently has good evidence been obtamned (Richard
son 1949) that the contractile element 1s constituted by an elab
orate system of myoepithehal cells which form basket hike net
works around individual alveoli and around the ducts And
thirdly Gaines and Sanman (1927) demonstrated clearly that mik
ejection could not be explained on the basis of the sudden for
mation of new milk stimulated by the act of suckling and result
ing i overflow when they found that all the milk obtained at
mmilking was present 10 the udder before the milking sttimulus was

apphed
The suggestion that milk ejection 1s brought about by en

gorgement of mammary tissue with blood that a type of

erection simlar to that of the penis occurs in the udder has
been developed by H: d (1936) H: d s excellent
review should be referred to for an account of the work relative

to this and other earlier theories
Tt 1s now clear that a neuro hormonal reflex 1s responstble for
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neaud has shown that 1co umits of ADH wasopressin have an
actsvity on the mammary gland equualent to that of 17-20
umts of oxytoen  With this preparation of oxy tocin the threshold
dose was found to be onfy ¥ mU It 18 also of interest that syn

thetie oxytocin has been found actne 1 milh ejection propertics
1 human patients (du Vigneaud Ressler Swan Roberts hat

soyanws and Gordon (19,3) A second companison between the
effects of stmulating the supracpuicohy pophysial tract electric

ally and the stimulus of normal suckhing by a htter of young 1s
of interest  Normally no mulk s obtained for jo-go scconds by
a litter of vigorously suckhng young The total duration of a
suchling period of a hitter that has been previously separated from
the doe is 2~5% munutes and 1n this time they obtain 127 g43 ¢
(S E of mean of 121 observations) of mulk  In a4 study of this
process 1n the rabbst Cross and Harnis (1952) confirmed the old
obsertation of Ganes {1915) that young cannot obtamn nulk from
an anaesthetized mother It was found that 6 young obtawmed no
mulh from an anaesthetized doe after 6 minutes vigorous such

mg but that after ijection of 200 mU of posterior prtustary
extract tnto the doe the litter obvaned 208 g of mith 1 2 mmutes

However companng the response to the electnical stimulation
1 the hghth anacsthetized doe wath that to suckling 1n the normal
conscious rabbrt we have the resuits shown in the follawing table

itk epection process obiserved after

() )
Stimulation of the
supraoptice hypephysal{ “ormat suckd np
tract

1 4t nt period T3-23 ser 3090 sec
Dueat on of
espon 2~7 man zZ-shmn
Amount of m T o3-16ml frem Men 127 ¢
eected one te t duct

{154~ 68 m fromm
the 48 teat ducts
wsually p esent}
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sastrument and stimulation performed by nserting an electrode
1n 2 small trephine hole mn the vault of the shull Stimulation of
various regions of the ventral thalamus, hypothalamus and pita
itary gland was performed in 23 rabbits and from the results
obtained 1t was clear that electrical stimulation of the supra
opticohypophystal tract resulted in a copious discharge of milk
mto the vertically mounted cannula The stimulus used was a
50 cyc [sec sine wave alternating current that was found to have
a spread at the voltage used of not more than § mm The
characters of the responses were typically those of one humorally
mediated The latent period was long 13-25 seconds, so that
with a sumulus of } minute duration the response often started
after the end of the sumulus The peak of the responses occurred
about go seconds after the beginning of the stimulus by which
time o 3-1 6 ml of milk had been ejected nto the glass cannula
The total duration of the responses was 2—7 mmutes Com

panson of the effects of stimulating the supraopticohypophysial
tract with those seen following intravenous injection of posterior
pitustary extract 1n the same rabbits showed that the effects of
electrical stimulation have a shghtly longer latent pertod 13-15
seconds as compared with 7-15 seconds A symular pornt was
noted previously (Harris 1947) when the uterine responses to
stimulation of the same nerve tract were compared to those fol

lowing injection of extract It 1s likely that this discrepancy may
be explaned by the facts that (1) the prturtary secretion has to
traverse a sinusordal capillary plexus before reaching the jugular
vern whereas the mjected extract passes strmght from the rela

tively large margmal vemn of the ear into the jugular circulation

and () that whereas the injection of extract was usually com

pleted within 2 few seconds the period of sumulation and pre

sumably of secretton was spread over } munute or longer

Apart from this difference 1n latent period the effects of electrical
stimulation could be matched very closely by injection of appro

priate doses (threshold dose 5 mU—dose producing maximal
response 200 mU) of posterior prturtary extract The punfied
oxytocic fraction ( Prtocin ) was found to be more effectrve than
the punfied pressor fraction ( Pitressin ) 1n inducing mith

ejection  Later work by Whittlestone (1952) on the lactating
sow and by Cross and van Dyke (1953) on the rabbit using

highly purified polypeptsde preparations supphed by du Vig
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completely anaesthetizing the sacral regton of the goat did not
affect the result  Milk ejection was also produced n this work
by njecting blood obtamned from the jugular ven of another
stimulated animal

Further results heanng cirectly on the relationshp of the
neurchypophysts to milk ejection were noted maidentally by
Harns and Jacobsohn (1952} dunng thewr study of pitustary
grafts  As described 10 Chapter 3 these workers transplanted
prtustary tissue under the median erinence of the hypothalamus
of hypophysectormized rats It was found that female rats bear
mg such transplants could become pregnant and dehver an
apparently normal litter of hving young at term However 1n
the magorsty of cases the young died withm a few days An
exammation of the young revealed a lack of mulk 1n their stom
achs although there was much milk present i the mammary
glands of the mothers It was then thought that this omght be
accaunted for by the lack of functioning reurchypophysial tissue
1 the graft Injections of posterior pitustary extract were tried
and 1t was seen that such mjection nto the mother was followed
by prompt withdrawal of milk by the young—as could be ob
served by the p bdominal wall of the young
rat—and that repeated wjections enabled the young to be
reared These experiments demonstrated clearly the distinction
between the dependence of rulk secretion on the adenohypo
physis and the dependence of milk ejection on the nesrohypo
physis

The rela hip of the sympathetic system and adrenal
medulla to mulk ejectton

‘There can be hitle doubt that the physiologreal mechanssm of
ik ejection mvolves sensory stunulation of the mammary atea
and probably varous conditioned stimub  which by nervous
pathways excite the supraopucohypophysial tract and hyp
physs causmg discharge of oytocre hormene  The egytone
hormene 15 cartied to the breast tissue causes contraction of the
myoepithehal cells and thereby a rise 1 the ik pressure 1n the
ducts and oisterns

It has long been known to chnicians that embarrassment
worry or fnght at the tme of nursing may wnhibit the flow of
malk and the amount of mitk cbtaned by the baby This aspect
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The further experiments of Cross and Harnis (1952) were
concerned with the effect of lesions of the supraopticohypophysial
tract on the lactational performance of the rabbit For this pur
pose rabbits were allowed to remain with their hiters for a period
of 7-14 days after partunitton They were then separated from
the young but returned once a day for a suckling test the htters
being weighed immediately before and after the suckling penod
and the milk yield determined After obtarning data regarding
the normal performance of rabbits electrolytic lestons were
placed 1n some part of the hy pothalamus or pitustary gland using
a stereotawic mstrument which imohved a2 mimmum of surgical
trauma The effect of these lesions was studred 1n 10 rabbits that
made good post-operatne recoveries and 1n which appetite and
nursing behaviour was not affected In 5 of these rabbits the
amount of milk obtained by the hitter during therr daily suckling
tests was not decreased after placing the lestons but even
creased shghtly In these animals the lesions were found by
histological study after death to be situated m the dorsal or
posterior hypothalamic areas In the other 5 animals however
the mean milk yield per daily suckling test before the lesions was
141 g whilst after placing the lesion a senes of tests gave an
average figure of 39 g This low figure of 39 g was obtamed m
spite of the fact that the mammary glands still contained much
milk at the end of the nursing peniods In other tests in these
ammals posterior prtuitary extract was injected into the doe 1m
mediately before suckling and the average milk yield found to be
119 g Inthese animals the lesions seen histologscally had inter
rupted the supraopticohypophystal tract in the median eminence
or infundibular stem It would seem then that denervation of
the neurohypophysis 1s incompatible with normal milk ejection
but that 1 such amimals replacement therapy with postertor
pitustary extract 1s effective 1n restoring the milk yield towards
the normal figure

At the time of the above work similar but independent re
searches were being performed mn Stockholm by Andersson
(Andersson 19,14 and &) Andersson recorded the outflow of
milh from the teats of unanaesthetized sheep and goats following
stimulation of the supraoptic nucler by the Hess techmque The
humoral nature of the resp b d was d d by
the fact that cutting the nenves to one side of the udder or by
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tions 10 response to the amount of adrenakine hiberated from the
ammal s own glnds In support of this Jaiter view could be
quoted the findings of Ely snd Petersen (x941) and Newton and
Newton (x948) that iyection of {Jarge amounts of} oxytocic ex
tract 2nnulied the inhibitton of mik gection due tv emotonal
stress  Further work by Cross {1954 and personal communics-
tion} alsa supports this view Emotional stress was mnduced 1
lactating rabbits by restrant 1n dorsal decubstus This pro-
cedure bloched the mitk ejection excited by the sackling of the
young but the response was restored 1 most cases by mjection
of only 5o mU oxytocic extract

At the present time then 1t seems clear that emotional dis
turbance may block the milk ejection mechanism by discharging
adrenahne from the adrenal medulla  Although injected adrena
hne may bloch malk ejection by ap action on mammary tissue
probably by causing wction of the v blood
vessels and so preventing access of oxytocic hormone to the
contractile tissue it seems more hikely that the adrenaline re
feased by emotional stress agts centrally to prevent the secretion
of axytacic hormone

Charcal application

Failure of lactauon i the human may occur for many reasons
In view of the effects of emouanal disturbances on milk ejection
however 1t seems possible that this might be a common cause for
poor itk ytelds  Under such crrcumstances oxytocie extracts
might be expected 1o be therapestically benefical in women 1n
which the breasts contained mulk tn exeess of that obianed by
the baby Such 2 possibdety has been tested by Hxger and
Jacobsohn (1953) and found to be so  Working 1 Lund
Sweden these investigators observed the effect of 1ngections of
©X3tocIN ON WOoTnEN with poor lactation and severe engorgement
and paws 10 the breast 4 to 5 deys after partunssion Stnlang
wnereases 1 mulk yield wese observed to follow an wyection of
oxytocw extract in all primiparous and most muluparous patients
of this type  Itis also of wnterest that after one mjection lactation
proceded novmally again 1n all primsparous and most of the
multparous patients  This latter observanon ss perhaps ndca
trve of 2 psychological element present 1o the wtial disorder
Siace such 2 simple procedure as injecting oxytocte extract may
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has been studied more exactly in the human by Newton and
Newton (1948) They found that the milk ejection process 1n a
woman on a carefully controlled routine of nursing could be 1n
hibited by causing her annoyance ar discomfort Previous to
this account Ely and Petersen (1941} had reported that frighten
ng stimult 1n the cow inhibited milk ejectton and had suggested
that this was due to sympathetic activity, since njection of
adrenaline was found to have a simular effect Whittlestone (1951)
has also found that panful faradic stimult will prevent mulk
ejection 1n the cow

In considering sympathetico adrenal mnhibition of milk ejec
tion, there are two main possibthties Firstly the mhibition may
be central that s circulating adrenaline may 1n some way pre
vent the release of oxytocic hormone In ttus connection there
1s the analogy from the work of Verney (see Chapter 9) that
adrenaline may prevent the release of antidwretic hormone from
the neurohypophysis Secondly there 1s the possibritty that the
inhibition may be peripheral and that the mammary gland s
prevented from reacting to sufficient amounts of oxytocsc hor
mone m the blood stream  These possibilities have recently been
studied by Cross (1953) i the rabbit This worker found that
(1) mjection of 5-50 pg adrenaline 1ntravenously into does before
nursing mterfered with milk ejection and that injection of an
oxytocic extract immediately after the adrenaline did not restore
normal milk ejectton (1) injection of 5-50 pg adrenaline into

anaesthetized rabbits with lated teat ducts mhibited the
mulk ejection resp to a subseq of oxytocie
extract or to stimul of the supraopticohypophysial tract

and (m) stimulation of the sympathetic area of the posterior
hypothalamus which produced signs of sympathetic activity such
as pupillary dilatation and evophthalmos also inhibited the milk
ejection response to injection of oxytoemn extract  Further
studies have shown that hilateral adrenalectomy abolishes the
htb produced by lation of the posterior hy pothalamus
(Cross personal communication)  From these results 1t seems
that adrenaline in the doses used does exert a pertpheral effect
m the mammary gland since 1t abolished the milk ejection to
1nyectron of oxytocic hormone However Cross s careful to dis
cuss the posstbility that a central inhibitron may oceur as well
or may be the more important factor under physiological cond:
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be of much use 1n treating a certain proportion of lactational
farlures and in preventing ineffective or prolonged suckling
which may lead to cracked nipples and breast abscesses these
observations should have considerable practical application

Summary

The factors responsible for exciting secretion of the oxytocic
hormone appear to derive marnly from the external environment
—tactile stimuls of the mammary glands vulva cervix uter1 and
probably conditioned stimuli It appears highly probable that
these stimuli pass by afferent nerve pathways to activate the
supraoptic nuclet 1n the hypothalamus which in turn excites the
neurchypophysts Such reflex excitation of the neurohypophysis
plays (1) a probable role 1n reinforcing the uterme contractions
during partuntion and 1n increasing the motility of the uterus
during cottus and thus aiding sperm transport and (1) a well
established role 1n the process of milk ejection It 1s of much
interest that secretion of adrenaline may modify reflex excitation
of oxytocic secretion probably by a central nervous action
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CHAPTER 11

THE NATURE AND SITE OF FORMATION OF
POSTERIOR PITUITARY HORMONE(S)

Few subjects tn endocrinology have remamned for so long
such mtriguing and tantalizing problems as those dealing with
both the nature and the site of formatton of postersor pituitary
hormones

THE NATURE OF PoSTERIOR PITUITARY HORMONE(S)

The phrase nature of postenor pstwitary hormone(s) 1s one
that requires a word of explanation The word hormone 1s
freely used to refer to varymng entitses It has been used by
various authors to refer to purified extracts obtatnable from some
endocnine glands to refer to the matenal manufactured by and
stored 1n a gland and also to the substance secreted by a gland
mto the blood stream It 1s possible that 1n particular cases all
these connotations of the word have the same meaning but 1t 1s
also possible that what the chemust extracts what the gland
forms and stores and what 1t hiberates into the blood stream may
be three diff From the physiol ] point of
view 1t would be more correct to retain the term hormone 1n the
sense 1t was first used as a chemical messenger It would thus

be kept to describe essentially the compound liberated by the
gland cells 1nto the blood

(a) Chemscal analysis of posterior pitustary extracts
Following the onginal descriptions by Oliver and Schafer
(1895) of the pressor activity of prtuitary extracts and by Howell
{1898) that this actrvity resided m extracts of the postertor lobe
of the pituitary the :dea was put forward that the pressor action
observed was mediated via the adrenal medulla or alternatively
that an adrenaline lihe substance was present in the posterior
pituntary gland A later view expressed by Abel and Rubota
(1919) was that posterior pituitary extracts owed therr plamn
muscle stmulating activity to the presence of histamine This
hypothests was quichly disproven by the difference 1n chemical
245
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from the laboratory of du Vigneaud and s collaborators that
will undoubtedly be referred to as classical 1n the years to come
These workers first 1solated what are probably the pure active
principles using a method of countercurrent distnibution be
tween two appropriate immuscible solvents  The apparently pure
oxytecic principle was 1solated as a solid of which (about) 1 25 pg
= 1 unt {Livermore and du Vigneaud 194g Pierce and du
Vigneaud 1930b) as compared with the antidwuretic pressor ex
tract which had an acttvity of (about) 2 2 pg = 1 umt (Turner
Pierce and du Vigneaud 1951) ‘The chemical nature of these
two highly active polypeptides was investigated and 1t was found
that each of them contains eight amino acids of which 6 are
common to both (Pierce and du Vigneaud 1950z and b Turner
etal 1951) The distibution of these ten amimno acids are 1n
dicated 1n the accompanying table and compared with the data
given by Block and van Dyke (1952) for their extracted protein

Twe DI TRIBUTION OF AMInO Actps IN NeurAL Loz PROTEIN
AND IN OXYTOCIC AND ANTIDILRETIC PRINCIPLES

Geam moles Molar ratio tn
Component mz /30 Antid uret ¢
ofprotein | Oxytocic | vasop essor
prnciple | pric ple
Argrune 4 o 100
Phenyalan ne 7 o 093
Tyros ne 4 097 004
Cystine 14-15 108 08s
Leuc ne 1 100 °
Isoleucine 7 100 °
Aspart ¢ aaid 9-10 109 108
Glutamic acid 26 110 114
Gl ne 34 109 109
Prol ne 15 102 113
Histidine 1 — -
Ammon a 27 328 297
Nitrogen 16 04 1619 'R
Sulphur 462 615 - N

* Am na ac d for refe ence
(Fr m van Dyke (1953) J Endocrinol )
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properttes between h and the physiological active sub

stance 1n the extracts It then became generally accepted that
the activity of postertor prturtary extracts was due to specific
hormones elaborated by the gland but from 1920 onwards there
was much controversy as to whether the gland formed only one
hormone with multiple activittes or two or more hormones
Abel and his co-workers (Abel Rowller and Geling 1923

Abel 1930) were enthusiastic advocates of the Unitarian theory
on the grounds that the pressor and oxytocic activities of extracts
disappear together when the extracts are submutted to heat
tryptic digestion or the action of acids and alkalies and that
pressor and oxytocic activities are 1n the same ratio 1n punfied,
as i crude extracts On the other hand Dudley (1919 1923)
had managed to obtain a partial separation of pressor and oxy

tocic activity n vanous extracts hamm Aldrich, Grote Rowe
and Bugbee (1928) later separated fairly pure preparations of the
oxytocic and antidiuretic pressor fractions For a review of the
older literature reference should be made to the articles by hkamm
et al (1928) and by Irving and du Vigneaud (1943)

In more recent years much attention has been given to the
question of the chemical nature of the physiologically active
substances tn posterior pitutary extracts Van Dyke Chow
Greep and Rothen (1942) extracted 2 single protein with the
biological activities of both principles 1n about the same ratio as
they are found i the posterior lobe The protein 1s free from the
hormone of the pars intermedia which causes dispersion of the
T 1 amphit lanophores Its molecular weght 1s
about 30 000 However the brological activity of the material
was found to be low (1 umit = 61 pg) Although van Dyke et al
produced considerable evidence that oxytocic and antidiuretic
activities are present in constant ratios and made detarled chem:
cal examination of the protemn to establish its homogeneity the
possibility of the adsorption of lughly active principles on to an
otherw1se mert proten could not be finally excluded Thts pro
tein 1solated from fresh beef posterior lobes at 4 C by dilute
acid and subsequent salting out at pH 3 go contains a high per
centage of cystine and all the common amino acids except €ys
teine, methionine hydroxyproline and tryptophan (Block and
van Dyke 1952)

Duning the las

t four years a sencs of papers have appeared
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Similar work by du Vigneaud and his group (du Vigneaud
Lawler and Popenoe 1953) on the antiduiretic pressor hormone
has revealed the probable structure of this compound as—

C4H,0H C,H,
l !
NH, O CH, O CH,
| [ |
CH,—CH—C—NH-CH—C—NH—CH
| I
3 Cc=0
| |
s [ O NH
| I il
CH,—CH—NH—C—CH—NH—C—CH—(CH,) —CONH,
| |
c=0 CH,
| ]
CH,—N CONH

o
I I
{CH—C~-NH—CH—C—NH—CH,—CONH,
H —CH,
CH,
CH CH,NH~C—NH,
|l

NH

Proposed structure tor anudruretic pressor hormone

Synthesis of this octapeptide structure has led to biologically
active matenal  The crude reacuion product of the final step
possessed both pressor and antidiuretic activity
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Further work by du Vigneaud et al suggested the following
formula for the oxytocic hormone (du Vigneaud Ressler, Swan,

Roberts, Katsoyannis and Gordon 1953)—and also resulted m
the

C.H,0H C,H,

| |
NH, O CH O CH-CH,
i | i |

CH,—CH—C—NH-—CH—C—NH-~ CH
1 |
5 c=0
| |
s o 0 NH
| il [
CH,AC'HﬁNH—C—CH—NH—C—CH—(CH ) —CONH,

C=0 CH,
! |
CH—N CONH,
\ o}

t 1
| CH—C—NH—CH—C—NH—CH,—CONH,
CH,—CH,,
CH,

|
CH{CH;,),

Oxytocic hormone

synthests of this compound which was found fo possess simtlar
chemacal and physiological properties (mulk ejecting and uterine
contracting activities) to natural oxytocin
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exist such as that first suggested by van Dyke Chow Greep and
Rothen (1942) that the neurohypophysis forms and stores a
single parent substance of multiple activities from which various
active side chains are sphit off differentially and secreted separ
ately into the blood stream according to the requirements of the
organism

The antidwuretic pressor oxytocic ratio in the glands of adult
mammals of most species has been found to be 1 1 by the
majonty of worhers This ratio has been reported for the guinea
pig rabbit and cat (Sumon and hardos 1934) human (Simon
and Nagy 1934 Heller and Zamus 1949) rat and cat (Dicker
and Tyler 19536) More extensive studies by Macaulay Land
grebe and Waring (see Warnng and Landgrebe 1950) have shown
that the neurohypophysss of the rat horse sheep pig and cat has
an antidiuretic pressor  oxytocic ratio of 1 1 These workers
assayed also the posterior pituttary of a single wallaby (found to
have an antidiuretic pressor  oxytoac ratio of 3 1) and the
glands of a series of rabbits and guinea pigs These latter were
found to have varying contents from one animal to another
though there was never more oxytocin than vasopresstn The
comment 1s made that the ratto tends to approximate to a whole
number of 1 1 2 1 or 3 1 Some observations by Dicker
and Tyler (19535) support the claim that the neurohypophysis
of the guinea pig may have a lower oxytocin content relative to
antidiuretic pressor than standard extracts In this respect
then the glands of the wallaby guinea pig and rabbit may be
stmilar to those of the whale (Geling 1935) and armadilio (Old
ham 19,1) 1 which figures for the antidiretic pressor  oxy-
tocic ratio have been given from 1 o1 to 1 oof

Some data are available for the activity ratios of the glands of
anumals belongmg to the same species but under different
physiological states

1 New born ansmals Companson of the glands of new born
ammals with adults has shown that per mg tissue there 1s
less extractable actnaty n the new born glands Heller
{1947) and Heller and Zaimmis (1949) claim that the ann
diuretic pressor oxytocic ratio 1s still 1 1 1 new born
rats and humans whereas Dicker and Tyler (19y3a and
) have found a greater proportion of antidiuretic pressor
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One interesting pharmacological property of the highly purt
fied extracts 1s that punfied oxytocin possesses no pressor or
antidwretic activity but punfied vasopressin possesses a shght
degree of mtnnsic  oxytocic  actvity  One hundred umits of
Vasopressin possesses ox)!OClC aCﬂVlt) Equl\valent to 5 units as
determined by the 1solated rat uterus assay 13-15 umts deter
muined by the chicken blood pressure depressor assay and zo0
units by the milk ejection assay (see Popenoe Prerce du Vig
neaud and van Dyke 1952)

If the oxytocic and antidiuretic pressor substances that have
been synthesized are 1n fact 1dentical wath the natural produets
(as seems highly hikely from the published data) this achieve
ment of the du Vigneaud group will constitute the first synthesis
of a polypeptide hormone and as they point out 1t will open
the door to nvestigating the effect of shght changes in the struc
ture of the compounds on their chemical physical and biological
properties

(b) Data derived from assays of neurohypophysial extracts

It may be argued that knowledge of the antidwretic pressor
oxytocte ratio in the neurohypophysis of different forms or i
the same form under different conditions would gtve informa
tion regarding the nature of the posterior pituitary secretion  If
the ratio of hormonal activittes was found always to be 1 1 (as
compared with standard extracts of cattle glands) 1t would sug
gest that 2 single molecule containing all activities was formed
and secreted by the gland If, however the ratio was found to
sary this might suggest the formation of two or more different
molecules each with a specific activsty and undergoing indepen
dent secretion In the latter case of varymng hormonal rattos
however other posstbilities suggest themselves It 1s concenvable
that the gland secretes a single substance of combined activities
and that 1t forms this sub along a compl d bol
path i which perhaps a side cham confernng antiduretic
pressor actnaty 1s added to a precursor compound before 1t
acquires oxytocic activity Under these circumstances different
glands might contain varying ratios of antidiuretic pressor oxy
tocic activities though the ocytocin would never exceed the ant
dwretic pressor  Clearly many other possible combinations
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sensttive to permit such measurements to be made However
approximate salues for the antidwretic pressor and oxytocic
activities of the secretion have been obtamned by studying the
effect of the secretion on the organs of the animal itself

There 13 evid that el i 1 of the supra
opticohypophysial tract or the neurohypophysis directly eheits
a secretion containing mose oxytocic actvity n relatonship to
antidiuretic pressor acttvity than whole standard posterior pitu
stary extracts The data for this statement are as follows

(1) Ferguson (1941) noted 1n one expeniment that stiumulation
of the pituitary stalk was more comparable tn 1ts propor
tionate effects on the uterus and blood pressure of the
anaesthetized ammal to one U Pitoain  (oxytocic ex
tract) than one U Pituttrin  (whole posterior piturtary
extract) In other expenments he noted the uterine con
traction elicited by sumulation of the stall was qualita
tively similar to that produced by injection of Pitoein
He concluded that stmulation of the pituitary stalk hiber-
ates a hormone from the neurohypophy.ts with lttle
pressor actrvity

The effect of different posterior pitutary extracts on
uterine motility has been studied using ovanectormzed
rabbits implanted with a tablet of stilboestrol and in
which the upper segment of the vagina carrying the utenne
cervices has been transplanted to the anterior abdomnat
wall (Harns 1947 19486) The uterine activity of such
anumals consists of irregular waves of contraction that
appear at the rate of approximately one a minute Intra
venousinjection of Pitocin (Fig 54¢) results ina marhed
contraction of the uterus that remains tetanic for about a
minute followed by rhythmic contractions of increased
amplitude and frequency Intravenous mjection of Pit
ressin (Fig 54¢) results 1n a sudden short contraction of
the uterus (perhaps due to a small amount of oxytocic
impunty 1 the extract) followed by a diminution or
abelition of all activity for a vanable peniod  Ingectton of
mixtures of vanous doses of Pitocin and  Pitressin
(Figs 54b f g) was found to give the mitial tetame con
traction (correlated with Pitocin } followed by an
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activity than oxytocic, 1n new born rats gumea pigs cats
and dogs

Delydration or admunstration of hypertonic sahne Accord
g to Simon (1934) various procedures (muscular activity
fasting adrenalectomy) do not alter the content of the
rat s neurohy pophysis whereas dehydration consequent on
a reduced flutd intake results 1n a reduction of both antt
duretic pressor and oxytocic content of the gland stmul
taneously More recent studses have confirmed this earlier
work Macaulay Landgrebe and Wartng (see Macaulay
1950 Wanng and Landgrebe 1950) have found 1n the rat
that various stimuli such as electrical stimulation of the
vagus nerve intravenous injection of 5 per cent NaCl 12
houts before hilling and substitution of 3 per cent NaCl
for drinking water for 11 days will all result in marhed
depletion of both antidiuretic pressor and oxytocic activities
to equal extents

Lactation  Since the suggestion that the milk ejection
which occurs during suckling requires the secretton of
oxytocic hormone 1n relatively large amounts the effect of
lactation on the gland content of this substance has been
mvestigated Macaulay (see Folley 1952) has studied the
neurohypophysial content of antidiuretic pressor and oxy
tocic actiities of goats killed just before and just after
milking respectively  No effect of milking could be detected
on the content of erther actrvity nor was there any differ
ence between the values found 1n goats 1n milk and non
lactating goats On the other hand Dicker and Tyler
(1953a) found that the postertor pituitary of the lactating
bitch possesses the same antidiuretic pressor content as the
non lactating bitch but a much Jower level of oxytocn
content These latter results await confirmation

»

[

(c) The nature of the secretront elicited by electrical
excitation of the neurohypophysis

It 1s clear that the conclusive evidence as to the nature of

neurohy pophystal hormone(s) will eventually be obtained from

analyses of the hormonal cantent of pitustary venous blood 1

ammals 10 different physiological states At the present time

blood assays especally for axytocic actuty are not suffictently
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The time cale 15 the s me for all racings Note the effect of stimulating

the nerve supply of the neurchypophyss (d) approximate 1o responses shown
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(From Harns G W unpublished )
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hibitory phase (correlated with ‘Prtressin”) Injection of
equal amounts of Pitocin’ and Pitressin (250 mU of
each) gave a response similar to that following the 1njec
tion of 250 mU of whole postertor pituitary extract
( Pututrin’ Fig 54a) In some rabbits 1t 1s thus possible
to form a rough estimate of the proportson of oxytocic and
pressor substances injected from the uterine response In
such ammals the effect of stimulating the supraoptico
hypophysial tract electrically (by the remote control
method) was compared with the effects of mjecting ex
tracts and as may be seen from Fig 54d 1t appears that
the stimulation elicited 2 secretion from the neurchypo
physts equivalent 1 uterme effects to a mrxture of 250
mU Pitoein and so-100 mU  Pitressin’

(1) Simultaneous measurements of oxytocic and antidiuretic
responses 11t the rabbit showed that electrical stimulation
of the supraopucohypophysial tract elicited a secretion
from the neurohypophysis that produced a greater o<y
tocic response relative to the antidiuretic than did injec
tion of whole postertor piturtary extract (Harris 1947)

(1) In a senies of rabbats a standard one minute sumulation
of the supraopticohypophystal tract was shown to produce
an oxytocic effect equivalent to that produced by 200-500
mU of posterior pitutary extract Simlar sumulation on
the same rabbits was shown to produce an effect on 1n
testinal penstalsis and blood pressure less than that
evohed by 100 mU of posterior pituitary extract (Harris
19485) It may be mentioned that there 1s good evidence
in the rabbit that the perstalsis stimulating action of
postertor pituitary extract 15 due to the pressor fraction

(1v) Intravenous 1njection of posterior pituitary extract or
electrical stimulation of the supraopticohy pophysial tract
1n the rabbit causes the appearance of an antiduretic sub
stance 1n the unne In rabbits i which ene mmute
stimulation had been shown to elicit an oxytocic effect
equnalent of 200-y00 mU of posterior pitwitary extract
2 sumilar stimulus was found to cause the appearance of
less antidiuretic substance in the unine than intravenous
mjection of too mU  Pitwitrin - (Harris 1948a)
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sodium chloride solution grien was 2o to 60 ¢ ¢ Control injec-
tions of 40 ¢ ¢ Ringer solution had no effect  That the response
was not due to concurrent emotional stress was shown by the
fact that mjection of hypertome NaCl solution 1nto 2 nembutal
anaesthetized antmal produced a simulfar response to that ob
taned before anaesthesia
Abrahams and Pickford myestigated the effect of mtracarotid
1mjectron of hy pertomc saline in causing oxytocic hormone release
in the dog but used the uterus as an end organ indicator of
such release In ovariectomized bitches 1n which a utenne fistula
had been prepared they found that emotional stimul: and also
tntracarotid or intravenous mjections of concentrated NaCl solu
tion caused not only an inhubition of water diurests but a simul
taneous and cotermnous increase 1n uterne actrvity  The anti-
diretic effect could be hed by the mt, Glit of
for example 3 mU Pitressin  but an equnslent increase mn
utenne actrvity needed 8o-100 mU  Pitocin  These experr-
ments agam mdicate a preponderance of oxytocic hormone 1n the
secretion hberated from the gland It 1s of great interest that
section of the supraopticohy pophysial tract 1n one bitch demon
strated a parallelism between the renal and uterine effects Dur
ing the phase of pnmary polyuna the normal uterine activity
disappeared (although the uterus still responded to 1njection of
Pitocin ) the activity reappeared 1n the normal interphase but
disappeared again with the onset of permanent polyuna
It appears then that mtracarotid 1njectton of hypertonic saline
results 10 release not onhy of the antidiuretic hormene but also
of the oxytocic hormone as shown by the ensuing effects on the
mammary glands and uterus
(1) Suckling or mlking  There can be little doubt that the act
of suckling or milking excites a nervous reflex release of oxvtocin
Several groups of workers have now investigated the effect of
suckling or milking on the unne flow of hydrated animals The
results obtained are untform 10 that small anudwretc effects
have been observed Peeters Coussens Bouchaert and Ovaert
(1949) and Peeters and Coussens (19,0) found that milking 1n
the cow resuited m an mhibition of a water diurests which was
lated by it 1 of 10 mU postertor pitwtary
extract Cross (1951) observed 2 slight antidiurests to follow
suchling m rabbits  In 49 out of 55 experiments the unine flow
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It 15 clear then that electrical stimulation of the supraoptico
hypophysial tract in the conscious rabbit evokes the liberation
from the neurohypophysis of a secretion which possesses less
antidturetic pressor activity in proportion to its oxytocic activity
than whole posterior pituitary extracts (with their 1 1 ratio by
definition}

(d) The nature of the secretion elicated by reflex excitation
of the neurohypophysis

In recent years 1t has been firmly established that an increase
1n the osmotic pressure of the carotid blood results 1n 1ncreased
release of the antidiuretic hormone from the neurohypophysis
and that the act of suckhing reflexly stimulates the release of
oxytocic hormone There 15 also evidence that cottus excites
oxytocic secretion It 1s possible to envisage satisfactory pur
poseful reasons why the above stimult should cause secretion of
the antidwretic or oxytocic hormones—to conserve body water
during conditions of dehydration and to cause mlk ejection and
increased uterine motthty during suckling and coitus  However
1f the neurchypophysis liberates two separate hormones tnto the
blood stream there would appear to be httle reason to suppose
that these sttrault would i1ndividually result tn increased secre
tion of both hormones On the other hand if the neurohypo
physis liberates one hormone with muluple activities then each
of the above stimuli would result in simultaneous antrdiuretic
and oxvtociceffects  Some data regarding the hormonal activities
released by these shmulr are now available

(1) Increased osmotic pressure of carotid blood The beautiful
analysis by Verney (Chapter 9) has established the fact that an
increase tn the osmotic pressure of the carotid blood will result
m discharge of the antidiuretic hormone from the neurohypo
physis The effects of intracarotid injection of hypertomc sodium
chlortde solution on the possible release of oxytocic hormone has
now been studted by Andersson (1951) who abserved the effects
produced on the mammary gland in the goat and by Abrahams
and Pickford (1953) who studied the uterine effects 1n the dog
Andersson found that mjection of strongly hypertonic (o 684-
1368 M) solutions of sodium chloride mto the nght common
carotid artery resulted 1n milk ejection 1f the rate of admimster
ing the saline was rapid (2 c¢ fsec or faster) The volume of
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sodwum chloride solution given was zo to 60 cc Control mjec-
tions of 4o ¢ ¢ Ringer solutton had no effect That the response
was not due to concurrent emottonal stress Wwas shown by the
fact that 1njection of hypertonic NaCl solution 1nto a nembutal
anaesthetized animal produced a similar sesponse to that ob
tained before anaesthesia

Abrahams and Pickford mvestigated the effect of intracarotid
1njection of hypertonic saline 1n causing oxytocic hormone release
m the dog but used the uterus as an  end organ ndicator of
such release In ovartectormzed bitches 1n which 2 uterine fistula
had been prepared they found that emotional stimuli and also
intracarotid or mtravenous injections of concentrated NaCl solu
tion caused not only an mhibition of water diuresis but a simul
taneous and cotermimous increase in uterme activity  The antt
dinretie effect could be matched by the intravenous injection of
for example 3 mU Pitressin  but an equivalent increase n
utermne activity needed 8o-100 mU Pitocin  These expen
ments again indicate 2 preponderance of oxytocic hormone 1n the
secretion liberated from the gland It 1s of great interest that
section of the supraopticohypophysial tract in one bitch demon
strated a parallelism between the renal and uterine effects Dur
ing the phase of primary polyuna the normal uterine activity
disappeared (although the uterus still responded to mnjection of

Pitocin ) the activity reappeared in the normal interphase but
disappeared again with the onset of permanent polyuria

It appears then that itracarotid injection of hypertonic saline
results 1n release not only of the antidiuretic hormone but also
of the oxytocic hormone as shown by the ensuing effects on the
mammary glands and uterus

() Suckling or milking There can be hittle doubt that the act
of suckling or milking excites a nervous reflex release of oxytocin
Several groups of workers have now investigated the effect of
suchling or milking on the urme flow of hydrated animals The
results obtained are uniform 1n that small antidwretic effects
have been observed Pecters Coussens Bouchaert and Oyaert
(1949) and Peeters and Coussens (1950) found that milking 1
the cow resulted in an mhibition of a water diuress which was
simulated by ntravenous myjection of 10 mU posterior pitwitary
extract  Cross (1951) observed a slhight antidresis to follow
suchling in rabbits  In 49 out of 5, experiments the urine flow
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It 1s clear then that electrical stimulation of the supraoptico
hypophysial tract 1n the conscious rabbit evokes the liberation
from the neurohypophysis of a secretion which possesses less
antidruretic pressor activity 1a propartion to its oxytocic activety,
than whole posterior pituitary extracts (with their 1 1 ratio by
definition)

(d) The nature of the secretion elicited by reflex excitation
of the neurohypophysis

In recent years 1t has been firmly established that an mcrease
1n the osmotic pressure of the carotid blood results 1n 1ncreased
release of the antidiuretic hormone from the neurohypophysis
and that the act of suckling reflexly stimulates the release of
oxytocic hormone There 15 also evidence that coitus excites
oxytocic secretion It 1s possible to envisage sauisfactory pur
poseful reasons why the above stimuli should cause secretion of
the antidiuretic or oxytocic hormones—to conserve body water
during conditions of dehydration and to cause milk ejection and
ncreased uterine motihty dunng suckling and coitus  Howeser
1f the neurohypophysis liberates two separate hormones 1nto the
blood stream there would appear to be Itttle reason to suppose
that these stumult would individually result in increased secre
tion of both hormones On the other hand if the neurohypo
physis liberates one hormone with multiple activities then each
of the above stimult would result 1n simultaneous antidiuretic
and oxytociceffects Some data regarding the hormonal activities
released by these simuli are now avatlable

(1) Increased osmotic pressure of carotid blood The beauttful
analysis by Verney (Chapter 9) has established the fact that an
increase 1n the osmotic pressure of the carotid blood will result
n discharge of the antidiuretic hormone from the neurchypo
physis The effects of intracarotid mjection of hypertome sodium
chlonde solution on the possible release of oxytocic hormone has
now been studied by Andersson (19,1} who observed the effects

roduced on the mammary gland in the goat and by Abrahams
and Pichford (1953) who studied the uterine effects in the dog
Andersson found that injection of strongly hypertome (0 684-
1 368 M) soluuons of sodium chlonide into the right common
carotid artery resulted 1n mulk ejection if the rate of admimister
ing the saline was rapid (2 cc [sec or faster) The volume of
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tion of the paraventricular hy pothalamic nuclet 1n the rat results
in loss of extractable oxytocic matenal from the neurohypo
physis A postenor lobe completely lacking oxytoein showed a
normal pressor content Cross (personal communication) has
found that electnical stimulation of the paraventricular nucleus
tn rabbits may result tn 2 marked mulk ejection response  These
results have so far only appeared 1n preltmmary form but they
seem to constitute highly sigmificant information regarding the
physiology of the postertor pituitary gland

(f) Conclusions

At the present time there 15 mnsufficient evidence to state
categorically whether the neurohypophysis secretes one hormone
with multtple actvities or two or more hormones each with
separate activittes

The chemical extraction of the gland the punfication of such
extracts and latterly the analysis of the chemical structure of
extracts and the synthesis of biologically active substances
though undoubtedly a major and fundamental work in both bio
chemical and endocrinological fields yield little mnformation as
to the nature of the hormone(s) liberated 1nto the blood stream
The polypeptides of du Vigneaud may 1n fact represent two hor
mones or they may represent only two active side chains nor
mally linked with a larger proten molecule

The 1nformation that electrical stimulation of the supraoptico
hypophysial tract causes hormonal release with both antidwuretre
pressor and oxytocic acuvity again throws little light on the prob
lem The supraopticohypophystal tract may consist of several
different fibre systems—each system being concerned with the
regul of a neurohypophystal hormone  Alternatively the
fibres of the supraopticohypophysial tract may be concerned with
the regulation of the secretion of a single hormone that combines
all neurohy pophysial functions  In erther case electrical strmula
tion of the tract would be expected to discharge all hormonal
activities It 1s possible as suggested by the work of Cross that
localized stimulation of different regions 1n the hypothalamus
excates an individual p of the supraopticohypophysial
tract and results m hberation of only one hormonal actiity  In
this case the picture 1s much clearer From the present results
however 1t may be concluded that if the neurohypophysis liber
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was diminished and the concentration of chlondes in the urine
increased by the suckling sumulus  The antsdwretic responses
1n these rabbits could be duplicated by mtravenous njection of
0 4~1 o mU postenior pituitary extract The effect of suchling n
lactaung women has been studied by Kkalliala and harvonen
(1951) In one senes of women studied 13 antidiuretic responses
occurred 1n the course of 23 suchling tests though tn an equal
number of control experiments (without suchling) an antidr
esis was seen on only 3 occasions  Repeating this work on the
dog halliala karvonen and Leppanen (1952) found a constant
antidweretic response and an increase in sodium excretion to
follow nursing Again howesver the response was slight being
comparable to that produced by o o1-0 5 mU posterior prtustary
extract

It 1s clear then that shght antidwuretic effects are assocrated
with a suchling stimulus and 1ts accompanying milk ejection
reflex  The antidiureses observed are of the order of those pro
duced by o 5 mU postenior pttuitary extract in the rabbit and
dog and 4 mU 1n the cow It 1s of interest to compare these
figures with those of 50-100 mU of oxytocic hormone necessary
for normal milk ejection 1n the rabbit with the neurohypephysis
denervated (Cross and Harris 1952) It 1s unknown how much
oxytocic hormone 1s hiberated by norrmal suchling 1n the rabbit
but 1t 1s likely to be of this order of magnitude

(m) Cortus From the evidence discussed in Chapter 10 1t
seems likely that coitus results 1n reflex release of oxytocic hor
mone Expeniments have now been performed to see the effect
of cortus on a water diurests tn the rabbt rat and human Cross
(1951) found coitus 1n the rabbrt had no effect on a water drurests
On the other hand Eranko Friberg and harvonen (19,3) re
ported that a shight antidwrests occurred in rats that were ex
posed to the opposite sex and attempted copulation 4 times or
more Sunilarly Friberg(1953) observed asignificant antidiuretic
effect to follow cortus 1 a male and female human subject
These responses were of a posterior piturtary type though they
were not assayed against injecttons of posterior pitutary extract

(¢) The effect of hypothalamuc lestons on extracts of the

neurohypophysis
Olivecrona (1954) has recently reported that bilateral destruc-



Conclusions 261

(1932) who described parasympathetic activation on injection of
posterior pituitary extract into the lateral ventricle of the brain
mn the human and many other workers who claimed to have
found posterior pituttary principles in cerebrospinal flmd  Later
work using more highly purified preparations disproved the
clarms of Cushing and more accurately controlled assays of
cerebrospinal flud failed to detect postersor piturtary hormone
1n the flud

It 1s now clear that the active principles are formed m the
neurchypophysis and not mn the pars mtermedra  Firstly 1n
some forms such as the whale and Indian elephant the pars
ntermedia and pars distalis are separated from the neural lobe
by a thick connective tissue septum and yet the neurohypophysis
still contains the active extractable compounds The only differ
ence tn hormone distribution 1n these glands 15 that the melano
phore dilating hormone 1s found 1n the antertor lobe (DeLaw der
Tarr and Geitling 1934 Oldham 1938 Oldham BMcCleery and
Geiling 1938 Geihing Vos and Oldham 1940) Secondly the
atrophuc neural lobes of cats 1n which lesions had been placed 1n
the supraopticohypophysial tract were found to have a very low
content of antidwuretic pressor and oxytocic activities (Fisher
Ingram and Ranson 1938) In these animals the pars intermedia
was histologically normal and the gland still contained melano
phore dilating hormone And thirdly 1t may also be mentioned
that electrical shmulation of the pars mtermedia 1s not so effec
tive 1n causing an antidiuretic or oxytocic response mn the rabbit
as 1s direct stimulation of the neurohypophysis (Harnis 1947)

In 1930 Bucy described cells in the neurchypophysis which he
called pituicytes For some years 1t was thought that these cells
might constitute the secretory glandular element of the neuro
hypophysis  Gersh (1939) described osmiophilic droplets 1n
these cells which he called the parenchymatous glandular cells
He claimed that the cytology of the cells varied with the physio
logical state of the ammal and 1n particular with the state of
hydration ‘This evidence was questioned by Hickey Hare and
Hare (1941) and there would seem to be httle reason for believ
mg that the glandular cells of Gersh constitute a secretory
mechamsm

Penvascular terminations to the nerve fibres of the hypo-
thalamo hypophysial tract have been described by many authors



260 Posterior prtustary hormones

ates only one hormone 1t differs n 1ts phystological actvity from
that of standard posterior prtustary extract in that 1t has a greater
oxytocic content relative to the antiduretic pressor content
than has the extract

The data ganed from experiments 1n which physiological
stimuli  have been used to excite the gland reflexly are more
informative Both the study of the hormonal depletion of the
gland and of the hormonal activities released indicate that the
neurchypophysis liberates antidiuretic pressor and oxytocic hor
mone(s), stmultaneously under a variety of conditions This
Iine of work also indicates that the oxytoctc substance s released
in relatively greater amounts than the antidiuretic pressor How
ever several problems are raised by these results Furstly it may
be argued that a strong enough stimulus of any type although it
acts primanly 1n causing secretion of one hormone  flushes out
the other On this line of reasoning however 1t 1s dfficult to
understand why hypertonic saline causes the release of such
apparent excess of oxytoctn Secondly the suggestion may be
made that the ratio of oxytocic antidiretic pressor activities
released by electrical stimulation of the neurohypophysis has
been put at about 4 1 by intracarotid 1njection of hypertonic
saline at about 30 1, and by suchling at about 100 1 and that
these discrepancies indicate that different stimuls release varying
amounts of two distinct hormones It may also be however
that techmeal maccuracy 1s responsible for the differing ratios

THE StTE OF FORMATION OF POSTERIOR PITUITARY HORMONES

Ever since hormonal actriaty was first associated with the pos
terior pituttary gland speculation has existed concerning the
nature of the tissue responsible for forming the brologrcally
potent materal extractable from the gland

The lack of any obvious glandular cells 1n the posterior prtu
stary lead Hernng (1908) to put forward the view that the active
material 1n the posterior lobe 1s dertved from the basophile cells
of the pars intermedia which migrate posteniorly into the neuro
hypophysts and become transformed 1nto hyaline masses These
hyaline bodies (or Herning bodues) were thought to travel up the
pituitary stalk be liberated mto the cerebrospinal flind tn the
third ventricle and to exert their actions by affecting nerve centres
1n the hypothalamus This view recenved the support of Cushing
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nerve fibres was the histological representation of the hormone
Howesver 1t now seems clear that the stamnable matersal 1s dis
unct from postenior pitmtary hormones for the following
reasons

(1) A mixture of absolute alcohol and chloroform will extract
the starnable material from the neurohypophysis of the
pig but leaves the hormonal concentration n the tissue
constant (Hild and Zetler 1953) It 1s suggested that the
stamnable matenal 1s lipord 1in nature (These findings have
however recently been questioned by Sloper 1954)

() Extracts of the hypothalamus have been purified by paper
chromatography and the eluates assayed for posterior
prtuitary activity (Vogt 1953) It was found that the oxy
tocic activity of such extracts was only about 7 per cent of
the pressor and antidwretic activities  Stnce pure antt
diuretic pressor substance 1s known to possess some oxy
tocte activity the substance present in the hypothalamic
extracts may be pure antidiaretic pressor hormone The
hormonal substance present in the hypothalamus then 1s
not the same as that mn the neurohypophysis If the hypo
thalamic nucler are responsible for forming antidiuretic
pressor hormone the oxytoctc hormone 1s either added
during transport through the hypothalamus or in the
neural lobe itself

(1) Wingstrand (1953) has studied the time of appearance of
the Gomon stainable material and of posterior pturtary
hormones 1n the neurohypophysts of the embryo chick
The antidwretic activity 1n the hypothalamus was distinct
1 embryos incubated for ten days or more but the
Gomor: starnable matersal did not appear until the 13th
or 14th day

The above observations have given rise to the view that the
stamnable matenal 1s intimately related to the intra axonal trans
port of the hormone as a carrier  but 15 1n fact a chemically
distinet compound

The main evidence that the hormone 1s functionally correlated
with the stainable matenal derives from expertments which show
a corresponding distnibutton of the two 1n a variety of animals
and under a number of different experimental conditions A
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(Har 1938, Vazquez-Lopez 1942 Green 1951 and others)
The findings of Bodian (1951) 1n the opossum have drawn par
ticular attention to the vascular relations of nerve termmals m
the infundibular process Since the histological studies have
revealed (a) no obvious secretory cells 1n the neurohypophysis
and (b) the close relation of nerve fibres to blood vessels 1n this
part of the gland much nterest has centred around the 1dea of a
neurosecretory process as underlying the formation and secretion
of posterior pitutary hormones

Neurosecretion

Ernst Scharrer and other workers have, for many years dis
cussed the possibility that certain nerve cells 1n the central ner
vous system secrete hormones tnto the blood stream In 1949
Bargmann demonstrated that the nucleus preopticus of fishes
and amphibians (equivalent evolutionarily to the nucler supra
opticus and paraventriculans of higher vertebrates) stain selec
tively with Gomori s chrome haematoxylin method Since the
original observation many worhers have used this staining
method to delimit not only the supraoptic and paraventricular
nuclet but also the nerve tracts which pass from these nuclet into
the neurohypophvsis Beautiful histological preparations have
been obtained in many vertebrates including such mammals as
the rat rabbit mouse cat dog ox pig monkey and man (see
Palay 1953 and Zetler and Hild 1954) 1n which these cell
groups and fibres are stained 1n striking contrast to the surround
ing tissues  Only a few other regions of the central nervous sys
tem such as the subcommissural organ and some microglal cells
(Wingstrand 1953 Wislocki and Leduc 1952) stam by this
technique

It has been known for some time (Abel 1924 Melville and
Hare 1945) that antdiuretic hormone may be present 1n ex
tracts of hypothalamic tissue  This fact together with the dis-
covery of Bargmann made 1t seem possible that posterior pitu
stary hormones were formed 1n the supraoptic and paraventri
cular nucle1 of the hypothalamus transported down the axones
of the hypothalamo hypophysial tract and hberated nto the
blood vessels of the neural lobe of the pitutary (Bargmann and
Scharrer 1951 Scharrer and Scharrer 1954) It was also sug
gested that the Gomor stzinable material 1n these nucler and
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m the hypothalamus although the low concentration of the oxy
tocre hormone 1n this regron of the brain requires fucther imvestr
gation
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close parallelism was found between the amount of neurosecre
tory material and the hormone content of the hypothalamus and
neurohypophysis of the dog ox pigand man by Hild and Zetler
(19524 and 5) The highest concentration of the matenal and
hormones was found 1n the dog the lowest 1n man Several
workers have studied the effect of conditions of dehydration
known to stimulate liberation of the antiduretic hormone on
the histological picture of the Gomor: material A recent study
by Leveque and Scharrer (3953) which gives references to previ
ous work may be consulted During dehydration produced by
withholding drinking water or by substituting hy pertonic saline
for drinking water the Gomon stamable material becomes de
pleted but returns after water 1s agamn supplied Under these
conditions there 1s a parallehsm between the liberation of antr
diuretic hormone and the content of the Gomor: matenial Under
another set of conditions namely after pitustary stalk section
Hild and Zetler (1953) claim a further correspondence Follow
1ng such a procedure 1n the dog the hormonal and neurosecretory
content of the neural lobe decreased but on the hypothalamie
side of the section both increased above control values

Various rather wide sweeping statements have been made at
different times by the protag of the neur ry hypo
thesis It has been stated that diabetes 1nsipidus does not occur
unless a lesion 1s placed 1n the immediate vicimty of the supra
optic nucleus that following stalk section signs of regeneration
of a neural lobe may occur from the hy pothalamic stalk stump
and 1 the paper by Leveque and Scharrer (1953) the statement
appears A critical analysis of the evidence on which Ranson s
theory of the function of the postertor pituitary was based leads
one to the concluston that this theory should be abandoned 1n
favour of the concept of the neurosecretory ongin of the anti
duretic hormone  Such claims as these which run contrary to
a great deal of established data should be tahen with reserve
Many of the viens of Ranson are undoubtedly true whatever
the site of formation of posterior pituitary hormene turns out
to be
At the moment the neurosecretory ongmn of the postertor lobe
hormones remains an attractrve hypothesis It offers a clear ex
planatien for the lack of secretory elements 1n the neurohypo
physis and for the presence of the antidiuretic pressor substance
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1 the hy pothal Ithough the low ton of the oxy-
tocic hormone 1n this region of the brain requires further 1nvestt
gation
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CHAPTER 1.

MATURATION OF THE HYPOTHALAMO
HYPOPHYSIAL MECHANISM

If as mentioned previously the function of the putuitary stalh
1s to form the connecting link between the external environment
and mny of the endocrme glands the question may well be
asked at what stage of the pre neo or post natal life the tunc
tion of the stalk commences There 15 now much evidence that
the endocrine glands are in a state of functional activity at least
towards the end of foetal existence {for a review of this subject
see Jost 1953) Dunng this pertod the external environment of
the foetus 13 stablized and although a reciprocal relatmnshlp
between the secretion of for ple the ad
horrone and the blood concentration of adrenal cortical hor
mone (Wells 1948 Hatchell and Wells 1952) has heen estab
hished 1t might be argued that the mechanism relating endocrine
activity to changes 1n the external environment wauld not be
developed until after birth The available data indicate that this
15 S0

(a) Onset of actusty of the hypothalamus neurohypophy sis
New born anupals are umble 10 concentrate their unne 10 the
same degree as adults when fluid ntake 18 restricted (McCance
and Young 194r Heller 1949) One possible cause of this

1s tack of d P of the neurohypophyssal

renal mechanism which i the adult 1s a major determinant of
the final concentration of the urme  This mechamsm mght
dnffer at !h: renal le.vei s0 far as the sensitivity of the renal tubules
h 1s concerned andfor might

d\ﬁer at the hypmhalam\c prtuttary level in regard to the release
of antduretic hormone produced by changes m the osmonc
pressure of the blood 1t seems likely that both these factors
play a part for 1t has been found that the hidney of the new born
ammal 15 less sensitive to jection of antidiuretic hormone {Hel-
\er 1944 nnd 1952) and also that the ncumhypophvsxs contains
v less antid 1¢ hormone (caleulated per 100 g body

\\enght or per mg dry posterior pitwitary tissue) than does the
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adult gland (Heller 1947, Heller and Zaums 1949) In accord
ance with this latter finding 1s the fact that the stainable neuro-
secretory materal in the rat s neurohy pophysis does not appear
until after birth (Dawson 19,3) It would be of much interest
to compare the sensitivty of the hypothalamus neurohypophysts
to nervous reflex excitation (for example to a pan stumulus)
using the techniques available for assaying the blood concentra
tion of antidiuretic hormone

(b) Onset of actiesty n the hypothalamic anterior pitustars
adrenocortical system  The well known effect of stress in dis-
charging ACTH from the antertor pitutary gland of adult
ammals does not obtain 1n the new-born Jailer (1950) found
1n a study of the adrenocortical stress responses i new born and
young rats that injectton of adrenaline does not excite prturtary
discharge of ACT H until the 8th day of life and that cold
exposure {5 C for 7,-150 minutes) nas mneffectne ull the 16th
day He suggests that one possible cause for these results 1s lack
of development of hypothalamic nervous pathways The effect
of stress on new born mice was studied by Thompson and
Blount (1954) who observed that although injection of A C T H
or adrenaline resulted 1n eosinopenta i mice less than one day
old the stress of heat did not elicit this response till about the
11th day of ife These workers suggest that the failure of new-
born anmmals to respond to heat sumulation may be due to a pre
piturtary break in the chain between the reception of the heat
stimulus and the discharge of A C T H In studies on the human
Jailer Wong and Engle (1951) found that whereas most full term
nfants responded to mjection of adrenaline with an eosinopenta
premature nfants did not respond until g-14 days after birth
Control mjections with A C T H made 1t seem unlihely that this
was due to lack of sensitvity of the target organs In the present
context 1t would be of interest to see the effect on the new born
human of a simulus acting through the nervous system

(¢) Onset of actuuity mn the hypothalamc anterior pttutary
gonad system  As discussed 1n Chapter 4 the onset of activity of
the gonads which occurs at puberty seems to be 1n some way
dependent on development of the nervous system rather than
maturation of the antenior prtuitary gland or gonad
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The evidence suggests that although the acttvity of many en
docrine glands starts during foetal hfe the mechanism whereby
this activity 1s affected by environmental influences does not
mature until after birth
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CHAPTER 13
HORMONES AND BEHAVIOUR

In the preceding chapters attention has been turned to the
evidence dealing with the control everted by the central nen ous
system over endocrine activty and to the feedback effects
exerted by the target organ glands on the central nervous system
(andfor the pituttary gland) whereby they indirectly regulate
therr own actity (see F1g 1) Another major effect of hormones
en the nervous system 1s the regulation of patterns of behaviour
approprate to the blood concentration of circulating hormone

Hormones and patterns of behaviour

(a) Gonadal hormones "I he effect of vaned concentrations of
a hormone n the blood stream resulting in varied patterns of
behaviour 15 most clearly seen 1n relation to the sex cycles of the
lower mammals  As 1s well known female mammals will only
accept the male during a lmted part of the oestrous cycle thatis
during the pertod known as  gestrus’  Corner (1946) has dis
cussed the derrvation of the term oestrus , from the Latmn
meaning a gadfly It had been observed that pertods of frenzy
occurred in cattle attached by the gadfly, so that the term
oestrum (Latin neuter form) came to mean any condition of
perioduc frenzy and  oestrus  (masculine form) was later used by
Walter Heape (1go1) to describe the recutrent pertods of heat
seen 1 female mammals In sts onginal use then the term
‘gestrus  denoted a certan behaviour It 4s now possible to
correlate this particular type of behaviour with the blood con
centration of circulating ovarian hormones

In anty spectes the behavioural pattern obsersed before durmng
and after cortus 1s stereotyped In the presence of a male the
female rat i oestrus makes short darting runs ending i a
crouching position tends to hop wiggles her ears and assumes a
posttien of fordosts when mounted by the male (thus facilitating
sntrorusson)  Certain aspects of thus behaviour may be graded
and measured  For example Beach (1943) has defined a Copu
latory Quotient as the number of lordosts responses dnuided by
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the number of times the female was mounted multiphed by 2
hundred and has used this quotient to measure the behavioural
changes 1n female rats following removal of various parts of the
cerebral cortex The behaviour of the female gumea pig 1n
oestrus as described by Young Dempsey and Myers (1935) 1s
similar to that of the rat On being mounted by the male this
ammal adopts a posstion of lordosts with elevation of the pelvis
and emits a characterstic hoarse purring noise  The female
rabbrt responds very simply to attempted coitus If receptive she
crouches elevates the pelvis and tail and thereby aids entry If
non receptive she crouches but depresses or flexes the pelvis and
tail thereby preventing entry The oestrous female cat possesses
an extensive behavioural pattern that lends itself well to expert
mental study Bard (1940) has described courtship phenomena
which serve to attract the male such as rolling excessive rub
bing a low vocalization crouching and treading Durnng intro
mussion d treading 1s p d by a loud ery or
growl Theafter reaction consists of more or less frantic rubbing
squirming licking and rolling

Since the full picture of mating behaviour 1s not seen m the
wolated antmal whether 1n oestrus or not 1t 1s clear that sensory
stimult usually supplied by the presence of the male are necessary
to tngger reflex mating patterns A certain blood level of
gonadal hormone appears to be necessary to sensitize the central
nervous system and when this 1s present particular sensory
stemult result 1n a particular pattern of behaviour  As discussed
below a varety of stimult are effective 1n eliciting such beha
viour and 1t should be noted that no single stimulus 15 essenttal
for 1n the absence of one source others may be sufficient to evoke
this behaviour

(6) Thyrod and adrenal cortical hormones It 1s as yet 1m
possible to say that the hormones dertved from the thyroid or
adrenal cortex exert any effects over the behaviour of the normal
ammal Clear abnormalities in behaviour may result from dimin
tshed or increased production of these hormones but such effects
may be secondary to disorders of general or nervous metabolism
and 1t 15 therefore not safe at present to conclude that they play
any part 1n the direct regulation of normal behaviour

Studies on lower ammals in which the emotional state the
ability to learn or the general motor activity of the animal has
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(1) The effect of hormones on specific morphological structures

This aspect of hormonal action 13 clearly seen 1n the repro
ductive system  The development of the reproductrve tract and
external gemitalia under the mfluence of gonadal hormones might
be supposed to be a necessary step tn the deselopment of oestrous
or mating behaviour on the grounds that an increase 1n afferent
nervous tmpulses from the genital tract 1s responsible for such
behaviour That these afferent impulses are not necessary for
fully developed mating behaviour 15 shown by the work of
Josephine Ball (1934) who found that normal sexual behayiour
occurs 1n female rats after removal of the uterus and vagina
Stmilarly Bard (1935) showed that female cats subjected to
abdominal sympathectomy and remosal of the sacral region of
the spinal cord can show typical cestrous behaviour and Root
and Bard (1937) showed that the sexual aggressrveness of male
cats 1s maintained after removal of the sacral and lower lumbar
segments of the spinal cord even though ths renders the penis
and surrounding perineumn anaesthetic Such cats when placed
with a female 1n heat will develop full erection of the penss
mount the female and execute copulatory movements These
observations demonstrate that 1n rats and cats the actnvation of
the central nervous system responsible for mating behastour can
occur n the absence of afferent impulses from the genitala It
1s probable howeser that under normal circumstances such
impulses reinforce the sex drive  The studies of Beach and Holz
(1946) and Beach and Levinson (1950) indicate that the effect of
hormones on peripheral structures cannot be disregarded i
studies of sexual behaviour Beach and Holz (1946) castrated
male rats at 1 21 50 100 150 and 350 days of life After a
3 month nterval all animals were tested for their response ta a
sexually mature female and then treatment with testosterone
propionate was begun With the exception of rats castrated on
the day of birth the daily njections of hormones eventually
stimulated complete copulatory behaviour The males operated
on the first day of life showed an increase 1n erotic exestability
under androgen treatment but the execution of complete copula
nion was rare and the ejaculatory reflex occurred only once in a
single ndividual In explanation of this fact 1t was found that
the shaft of the penis tn the day 1 group rats was shorter than
that 1n the other groups and that normal rats i which the shaft
of the penss 1s shortened by surgical removal of a few millimetres
of the penile bone showed precisely strmlar behavioural patterns
as this day 1 group Beach and Levinson (1930) studied the
effect of testosterone on the histology of the glans pens of rats
They found that normal rats and castrate ammals injected with
75 pg of testosterone propionate per day possess cornified paptl
{ze 1n the epithelium of the glans and that adjacent to the papillae
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are situated sensory corpuscles The epithelm of the glans of
the castrate animal loses the papillae and becomes smooth and
1t 1s probable that such an organ 1s less sensitve to the stimulus
of fnction than the normal

It 1s hikely that the activation of mating behaviour depends
upon sensory stimult normally dersed from a multipheity of
sensory end organs Loss ot one source of sumulation such as
those derrved from the genitalia does not necessarily impair such
behaviour though 1t may reduce the force with which 1t 1s
executed

(u) The effect of hormones on the integrative function of the central
nervous system

There are few descriptions 1n the hiterature of expertments in
which hormones have been applied directly to the bramn and
found to affect the function of the nerve tissue or the behaviour
of the ammal kollros (1942 1943) studied the effect of local
application of thyroxine to the vicimity of the fourth ventricle 1n
the tadpole In thrs ammal the hid closure reflex usually appears
a few days before the development of the fore hmb but after the
applicition of thyroxine in the above manner the date of appear
ance of the reflex was advanced Thyroune applied to one side
of the fourth ventricle stimulated the appearance of the reflex 1n
the homolateral eye more rapidly than in the contralateral
Similar experiments by Werss and Rossettt (1951) have demon
strated an effect of locally apphed thyroxine on Mauthner s cells
of the brain stem of the tadpole These cells are concerned with
swimming reflexes in the tadpole and disappear at the stage of
metamorphosis It was found that fragments of the thyroid
gland of the rat or small pieces of agar soaked 1n thyroxine 1m
planted into the hindbrain of young tadpoles would cause
Mauthner s cells to undergo premature atrophy though the sur
rounding nerve cells increased 1n size A stmilar experimental
approach has rarely been used 1n mammalian work hent and
Liberman (1949) however studied the effect of injecting pro
gesterone nto the lateral ventnicle of the brain of the hamster
In their hands the ovariectormzed female hamster treated with
oestrogens did not develop behavioural oestrus but the intra
ventricular injection of small doses of progesterone 1n such
antmals resulted 1 mating responses The site of action of pro
gesterone 1n chcting this response 1s left in doubt by these
experiments but from data presented below 1t may be tentatiely
suggested that the hypothalamus is the region insolved Cer
tainly progesterone injected 1nto the lateral ventricles would be
carried by the flow of cereb 1 fiud 1nto rel hip with
the hypothalamic nerve cells which lie close to the ependyma of
the third ventrcle
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More information regarding the site of action of ovanan hor
mones 1n the central nervous system 1n ehaiting oestrous beha
viour has been acquired by studying the behavioural responses
1n spmnal decerebrate and decorticate amimals  For detailed 1n
formation the review by Bard (1940} should be consulted Ttis
from this account that the following summary has been largely
drawn

(a) The spinal ammal Although as 1s well known, the autono
mic aspects of copulation (erection and ejaculation) may be ob
tamed 1n the spinal male animal 1t has not been found possible
to elicit any movements (involving sheletal muscles) that resemble
at all closely those normally seen 1 cortus

In the female mammal stmilar conclustons have been drawn
Goltz (1874) showed that the spinal bitch may become pregnant
and deliver and rear a normal litter This observation demon
strates clearly the hormonal nature of the factors controlling the
reproductive organs but carries no special weight with regard to
a spinal ongin of mating reflexes Dempsey and Rioch (1939)
and Bromiley and Bard (1940) studied chronic spinal guinea pigs
and cats respectively before and after treatment with ovaran
hormones Both groups of workers faled to find any sugges
tion of normal oestrous behaviour On the other hand Maes
(1939) who studied decapitate cats concluded that some com
ponents of sexual behaviour are short arc reflexes which can be
ehcited independently of the higher centres The responses
that Maes took as charactenstic of oestrous behaviour have been
criticized by Bard on the grounds that similar reactions may be
obtained 1n anoestrous decapitate female or decapitate male
cats

(&) The decerebrate aimal T'rom their studies on decerebrate
guinea pigs and cats Dempsey and Rioch (1939) and Bromiley
and Bard (1940) reached conclusions simtlar to those drawn re
garding the spinal state viz that the decerebrate animal does not
give any reflex response which resembles normal oestrous beha-
viour Maes (1939) criticized Dempsey and Rioch s failure to
obtain sexual reflexes from decerebrates on the grounds that such
responses were mashed by the concurrent state of muscular
ngidity  Bromiley and Bard (1940) however found that the
ngidity of their cats was not sufficient to mask alternate flexton
and extension of the hind legs and alternate contraction of the
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lumbar muscles of the two sides a response which was sumu
lated by vigorous rubbing of the vulval and perineal areas This
response was not found 1o be rdlated to a state of cestrus

(¢} The decorticate ammal Many worhers have found that
female mammals deprned of all neocortex will extubit normal
mating behaviour during spontaneous or induced oestrus {cats—
Batd, 1934, 1936 1939 Bard and Riach 1937 guinea pigs—
Dempsey and Rioch 1939 rabbus—Brooks 1917 rats—Davis
1939) In most studies part of the thinencephalon and corpus
stratum was also removed  Broobs (1937) found that female
rabbits 1n which ail neocortex and rhinencephalic cortex have
been remaved may mate normally but that male rabints although
matng normally after oss of the neocortex or removal of the
alfactory bulbs will not mate if both these structures are re
moved Male rats and cats would seem to differ from male
rabbits  Beach (1940) found that partial loss of the neotortex in
male rats reduces their abibty to mate 1 proportian to the size
(not the site) of the cortical loss and that mating actnaty ceases
ennirely 2f more than 6o per cent of the neocortex 1s removed
Similar results were obtamned m studses on male cats (Beach and
Zann 1952)

From the experiments on mammals 1t secms clear that decortt
cate females may exhibit normal mating behaviour but that such
behaviour 1s ab ent 1n the decorticate male  The expenments of
Brooks and Beach render 1t hhely that even in the male there 1y
no «ngle structure m the cerebral cortex responsible for sexual
hehaviour It appears more probable that some subcorucat
region integrates and mediates such behaviour and that loss of
the cerebral cortex prevents activation by removing the pathway
of <ensory stmult Loss of the motot area of the cerebral cortes
mav also interfere with expression of the more active type of
behaviout seen m the male

(d) The by pothalamus The expeniments described above mahe
st seem bikely that some region of the brain situated above the
midbran and below the cerebral cortex 1s directly concerned
with the imtegranon of sexual actimty  What evidence 15 avarl
able powits 10 the area of the upper mudbrain or hvpothalamus
as bewng the region wvolved  In acute expeniments on gumea
pig nduced aestrus Dempsey and Rioch {1910) found that a
secnon winch passed from the rostral end of the anterior colliculus

13
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to a level just anterior to the mammullary bodies did not abolish
oestrous responses on stimulatton of the lumbar or perineal
regions but that sections made from the same pomnt dorsally to a
level just postersor to the mammllary bodies abolished all such
responses  Magoun and Bard (1940) found that large lestons 1n
the hypothalamus of cats rendered oestrus by mjections of
oestradio] benzoate mterfered with the oestrous behaviour of
some of these ammals Since large hypothalamic lesions nter

fere with many general functions the effect of such lesions on
sexual behaviour may not be particularly significant Brookhart

Dey and Ranson (1940) placed smaller lesions in the hypothala

mus of ovariectormzed guinea pigs and found that animals with
lesions near the ventral surface of the brain could not be brought
mto behavioural oestrus by treatment with oestrogen and pro

gesterone Such treatment had been found to induce full oestrus
mn these ammals before operation  On the other hand gumnea

pi1gs 1 which lesions were placed 6 mm above the ventral sur

face of the bram were brought into behavioural heat by the
hormonal treatment There 1s some evidence also that mjury to
the floor of the third ventricle may result 1n loss of hibido and
potency in man (Symonds 1943)

In an attempt to throw hght on the part played by the hypo
thalamus 1n sexual behaviour by a technique which avorded the
general disturbances of hypothalamic lesions Harris (unpub
lished observations) implanted minute fragments of various stil
boestrol esters 1n different regions of the hypothalamus of
ovariectomized rabbits Some of these animals eventually showed
normal mating behaviour when placed with males even though
the amount of stilboestrol absorbed 1nto the general systemic
circulation was msufficient to present atrophy of the uterus At
the time 1t was thought posstble that the concentration of stil
boestrol 1n the hypothalamus had activated some neural mechan
1sm responsible for mating behaviour but 1t was found that
ovariectomized rabbits without hypothalamic stuilboestrol 1m
plants would occasionally accept the male so that no concluston
could be drawn from these expertments The fact that ovanec
tormized rabbits may accept the male has also been noted by
Beach (1952b) and places the female rabbit m an exceptional
posttion amongst the subprimate female mammals Repetition
of this work 1n some other species (such as the cat) in which the
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ovartectomized female umformly refuses the male would seem a
posstble avenue of investigation

The use of radioactive hormones seemed to offer another
approach to the analysis of the regions of the nervous system
affected by the sex hormenes The following experiments (Glas-
cock and Harnis unpublished) were directed at finding whether
any part of the brain accumulates oestrogen Ovariectomized
rabbuts that persistently refused cortus with a normal buck were
mjected with 25 pg labelled {tntio ) hexoestrol This dose of
hexoestrol contamed a total of 17 ~ 107 countsfmin 1n the
particular counting equipment used Vwhen these amumals
responded to the mating test they were hilled and dissected
Samples of muscle varous regions of the bran (including the
antertor and posterior region of the hypothalamus) the median
eminence of the tuber cinereum anterior and posteror lobes of
the piturtary mammary gland endometrium and other organs
were pooled dried and assayed for radioactivity Muscle was
found to assay at 66 counts/mmn fmg and no other sample
except the bile was found to have an activity significantly differ
ent from this The bile contained 3 840 counts/min /mg 1n
dicating as had been expected from the results of other workers
that 1t 1s one of the major routes of excretion of oestrogen The
conclusion mdicated by this wotk that oestrogens are not con
centrated by regions 1n the hypothalamus cannot be used as
evidence that they do not affect the activity of this part of the
brain It seems equally possible that cestrogens may act at van
ous sites 1n the brain without undergoing local concentration

The relative importance of gonadal hormones and the
neocortex i activating mating behaviour

It 1s likely that many simple reflexes mediated by the spnal
cord or brain stem are co ordwnated 1nto total patterns of mating
behaviour by some upper midbrain or hypothalamic mechanism
Stnce such behaviour 1s fully exhibited only during restricted
periods of life the question arises by what means 1s the integrat-
ing region activated This 15 2 question of some significance
since the present data show that not only are different factors of
1mportance 1n different species but also 1n the different sexes of
the same species  Care must then be exercised 1n drawing gen-
eral conclusions especially 1n regard to human behaviour

K*
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The following table summarizes the effect of castration or re-
moval of the neocortex on the sexual behaviour of several mam
mals It 1s possible to say that gst subprimate I
female mating behaviour depends on the presence of the gonads
whereas that of the female 1s more dependent on activation by
the cerebral cortex It 1s of interest that masculine behasiour on
the part of female rats also seems to depend more on the presence
of the neocortex (Beach 1943) since the homosexual activity of
the female rat 1n contrast to the heterosexual activity of the same
ammal develops before puberty may be retaned following
ovariectomy but 1s lost after removal of the neocortex  There 1s
little clear cut evidence regarding the activation of sexual beha
viour 1n primates  Ford and Beach (1952) summanze the data
regarding ovariectomy 1n primates They state that ovariec
tomized adult female chimpanzees show few signs of desire for
intercourse but that ovariectomized women may show as much
erotic behaviour after as before operation These same authors
state that castration of male primates often produces no dtminu
tion 1n the capacity to mate or (1n man) to achieve sexual chmax
during cortus

‘TABLL SUMMARISING THE EFtFCT OF Lo » oF CFREBRAL CORTEX OR
GoxaD o~ THE MATING BEHAVIOUR OF SOME Masiviars

Female Mate
Decortication | O artectomy Decoruncation Castration
Rat “\lay be un Lost Lost—if more Lost or
changed (homo | (May retan | than 6o reduced
sevual beha | homosexual | cerebral cortex
siour reduced) |  behavtour) removed
Cat Aay be Lot Lost
unchanged
Alav be
D Afay be Tose [
o unchanged ] unchanged
» M be un ? May be un
Prmate changed (man) changed (m 0
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Conclusions

There 1s little nformation available as to the mechamsms by
which the thyrotd and adrenal cortical hormones produce changes
1 behaviour More work has been performed on the action of
the gonadal hormones 1n activating mating reflexes probably
because this form of activity 1s easily observed i common
laboratory animals such as the rat and cat and because various
aspects of such actiity can be measured It seems likely that
femnale mammals possess the neural basis of both homo and
heterosexual behaviour which appear to depend on spmal or
bram stem reflex arcs mtegrated into a co ordinated pattern of
behavtour by some neural mechanism situated 1n the upper mid
brain or hypothalamus If future work confirms this location 1t
would place the regton activated by gonadal hormones and
responsible for mating patterns of behaviour in close conjunction
with the region activated by gonadal hormones and responsible
for regulating gonadotrophtc secretion from the antertor pituitary
gland In male carnivores and primates of both sexes the central
nervous mechamsm underlying mating behaviour seems to have
acquired some tndependence from the sex hormone concentra
t10n 1n the blood stream and to be more dependent on the cere
bral cortex for 1ts activation Beach (19524) has suggested that
with the phylogenetic development of the cerebral cortex pat
terns of sexual behaviour become more dependent on cerebral
cortical activation than on chemrcal actnvation via the gonadal
hormones and that this process 15 most highly developed 1n the
human where there exists the most marked emancipation of
erotic TESPOHSIVEHCSS from hormone control
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