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PRETACT

A VAST AMOUNT of research has gone into endocrinology one of the results being
the massine output of literature on the subject It 1s generally agreed that 1t 1s
wvirtually 1mpossible for any busy worker to keep abreast of fatest developments
and there 1s therefore a great need for the volume which presents the broadest
outlool. emphasizes the modern approach and relepates the trite and well worn
theories

The authors of the chapters are all experts in their particular fields and their
objective has been not only to present the up to date approach but also to gne
their personal views with a tie up of loose ends and with a critical evaluation of
the trend of events possibly ponting to the future  The chapters are more there
fore than a routine and stereotyped summary of the present position  In general
the aim has been to hughlight the advances m a particular field and to bring the
present position into perspective

Particular fields of advance in recent years have been associated with the adrenal
hormones and a number of chapters deal with this subject New work on the
thyrotd hormones forms the opening chapters and the subject of radioactive 1odine
and its uses in thyroid disease 1s dealt with extensively  The female sex hormones
are the subject of later chapters and a comprehensive article on hormonal factors
1n breast devel and mlk has been mncluded as has one on human
infertility 1n the female In the study of endocrinology the interaction and inter
relationship of hormones can lead the reader from one subject to another with
little difficulty  As Editor 1t has been my responsibility to present a compact
volume The choice of subjects has been an arbatrary one and the scope of the
work 15 not intended to be comprehensive  To decide which subjects must await
a possible second series has proved to be a most diflicult problem and as the anterior
pituttary hormones are considered separately in various papers 1t was decided
that an over all review should not be included  This also applies to the parathyrotd
glands and to the subject of mfertility in the male

Briefly this volume has covered many interesting and valuable additions to
endocrme knowledge acquired 1n the last decade and 1t will be a helpful addition
to the library of p endocrinol I and others whose
work necessitates an up-to date knowledge of modern trends 1n endocrinology

I would like to take this opportunity of expressing my cordial thanks to all
those who have contributed to the present volume

H GARDINER HiLL
London

October 1957






CHAPTER 1
PRESENT KNOWLEDGE OF THE THYROID HORMONES
Rosauno PitT RIVERS

INTRODUCTION

THE PRESENT survey of our knowledge of the thyroid hormones is not intended to
be comprehensive  Limutations of space make 1t 1mpossible to deal adequately
with the great volume of work which has been done 1n this field 1n the past 20 years
only the more salient biochemical and physiological discoveries will be considered
here

The first advance 1n our knowledge of the active principle of the thyroid came
with Kendall s (1919) 1solation of pure thyroxine from pigs thyroid  The second
advance came with the identification of thyroxine by Hanngton by degradation
and synthesis (Harington 1926 Hanngton and Barger 1927} Desiodothyroxine
(thyronine) was at first shown to be B [4 (4 hydroxyphenoxy)phenyl] alanine

HOOCHZ- CH(NH,)COOH

Inthyroune the sodine atoms were shown to occupy the3 Sand3 5 positions

1 1
Ho—__ >—0—<__>—CH, CH(NH,)COOH
1 1

Hanngton (1933) then showed that natural thyroxine possessed the L configuration
and was structurally related to L tyrosine  Duodotyrosine

1

HQ,_Q__QH2 CH(NH,) COOH

1

and jodide were also shown to be present in the thyroxd and together with thyroxine
were thought to account for all the thyroidal 1odine

A NEW THYROID HORMONE
‘Truodothyronine
In recent years two new tect h hy and d hy of
compounds labelled with the radioactive 1sotope of 10dine 1 have made a g‘re:n
contribution to our knov ledge of thyroid metabolism  The former enables us to
separate minute amounts of matenal the latter to locate 10dinated products on
mTE 1




PRESENT KNOWLEDGE OF THE THYROID HORMONES

chromatograms (Gross 1954) Using these methods Fink and Fink (1948) first
demonstrated the presence of 3 monotodotyrosine n rat thyroid hydrolysates
Later Gross et @l (1950) and Gross and Leblond (1951) showed that the admims
tration of 31 to 1odine deficient rats gave rise to the presence of hitherto unknown
compounds 1n their thyroids sera and other tissues  One of these compounds
(Unknown 1) was demonstrated by Gross and Pitt Rivers (1951) 1n the plasma of
patients who had recerved therapeutic doses of 1 These authors (Gross and
Pitt Rivers 1952a} identified Unknown 1 as 3 5 3 truodothyromne and at the
same time Roche ef al (1952) found trnodothyromne among the products of
thyroglobulin hydrolysates  Gross and Pitt Rivers (1952b) nvestigated the
phystological activity of trnodothyromine 1n preventing thiouracil mduced gottre
1 rats and Gross Leblond and Trotter (1952) showed that 1t was highly effective
n alleviating myxoedema ;snman  The high biological potency of truodothyronme
which will be described i detail later has made 1t generally aceepted as one of
the thyroid hormones

BIOSYNTHESIS

The brosynthesis of the thyroid hormones may be divided 1nto two main stages
(1) the concentration of 10dide from the circulation and (2) the organic binding
of the accumulated 10dine

Todide concentrating mechamsm
The 10dide concentrating mechamism or 10dide trap has been the subject of
numerous experiments especially 1n the last few years  The separation of the two
broct 1 stages for mdividual study has been made possible by the discovery
of two types of antithyroid drugs () thiocyanate and certain inorganic cations
notably perchlorate which mhibit the todide trap and (b} the thiocarbamudes
(throuracals ammothiazoles) which mhibrt the orgame ncorporation of odine
By admimustermmg the thiocarbamudes the 1odide trap may be investigated
mdependently
It must of course be realized that separatton of one stage of hormone synthesis from
another may result 1n abnormal function  Nevertheless this method of investigation
has enabled workers to study effects of h hysect 10dme or excess
and other factors 1n the stages of thyroid btochermistty Many 2 wno studies have
been carried out notably by Chaikoff {see Chaikoff and Taurog 1948 Taurog ef al
1947 Vanderlaan and Vanderlaan 1947 Vanderlaan and Greer 1950 and Halmi
etal 1953 1954) In vitro studies have been carried out by Chaikoff and more
recently by Wyngaarden er a/ (1951)
L ding the mech whereby the thyrord concentrates rodme 1s still
unknown as are the enzyme systems which produce the energy requised for this
concentration

QOrganic binding of accumulated rodine
Organic binding of 10dne 1s generally thought to involve the following reactions
(1) Oxidation of 10dide to 10dine
(2) Todmation of tyrosme to dotyrosme and d
(3) Oxidative coupling of diodoty to th
(4) Formation of triodothyronine

d osine




BIOSYNTHESIS

There are two possibilines  partial de todination of thyroxtne or the coupling of
one molecule eachof and duodot; ne no direct evidence in favour
of either reaction exists but as Roche and Michel have been unable to demonstrate any
de 1odination of thyroxine by thyroid slices i vizro (though menotodotyrosine and
duodotyrosine do undergo de 1odination) they therefore favour the latter possibility

Chaikoff and hus colll have been responsible for much enhigh onthe
nature of thyroid hormone synthesis (Chaikoff and Taurog 1948) as have Leblond
Gross and their group of workers (Gross and Pitt Rivers 1952¢  Gross 1954)
We are however without any real knowledge of the enzymes which oxidize 10dide
to 10dmne and those which potentiate the couphng of duodotyrosine to thyroxine
apart from the histochermical evidence for a thyroid perowdase (Dempsey 1944)
Other enzymes in the thyroid have been detected by this means including a pro
tease (De Robertis and Nowinski 1946) The thyroid protease has recently
been solated and punfied (McQuillan and Trnkojus 1953 McQuillan ef o/
1954) and conditions governing its action on thyroglobulin determined This
enzyme 1s responsible for the release of the 1odinated amino acids which are
mainly present in the gland incorporated mnto the storage proten thyroglobulin

Small amounts of free 1cdinated compounds have been detected after the admims
tration of 13 to amimals (Gross 1954) these may consist of an equilibrium mixture
of 10dimated amino acids atout to tecome incorporated into thyroglobulin and those
atout to pass into the circulation

At present there 1s no evidence as to whether tyrosine 1s 10dinated 1n the free
state and then bound 1 proten hnkage or whether 1t 15 1odinated m the bound
state but both theories have therr advocates

THE CIRCULATING THYROID HORMONE

The nature of the circulating thyroid hormone was for many years a matter of
debate Trevorrow (1939) first suggested that thyroxine itself was the arculating
hormone and that 1t was 1n some way bound to protein but at the time her
work was largely ignored Later Lerman (1940) produced immunological
evidence that thyroglobulin was not the circulating hormone It was not until
1948 that Taurog and Chaikoff prod g evid that th; was
the principal hormonal constituent 1n blood a fact which 1s now established
(Laidlaw 1949 Rall 1950 Grossetal 1950 R berg 1951) That th

1s loosely bound to a protem 1 the blood (Gordon et a/ 1952 Larson ef af

1952 Robbins and Rall 1952 and Petermann er ! 1954) has also been demon

strated but as yet this protemn has not been identified

The thyroxine bwlding protein migrates in an electrophoretic field between , and
a, globulins and possesses properties similar to those of Schmids a ~g|ycopr(l)l=m
Changes 1n the thyroxine binding pattern in pregnancy and in certain pathelogical
conditions have been studied (Peters e af 1948 Danowski ef a/ 1950 Horst and
Rosler 1953 Horst 1954 and Dowling er ol 1956 )

Abnormal blood 10dine components have been detected but their physiological
sigmificance 15 not known while abnormal protemns have been found 1 the blood
after large therapeutic doses of 1311 Truodothyronine also circulates in the blood

3 2



PRESENT KNOWLEDGE OF THE THYROID HORMONES

though in relatively small amounts and 1t 1s associated with protein 1ts binding1s
however not nearly so specific as that of thyroxine {Derss ef al  1953)

Monoiodotyrosine duodotyrosine and thyroglobulin are not found 1 normal
sera but they do appear after massive therapeutic doses of I and 1n certam
patients with congenttal goitre (Stanbury er o/ 1955 1956) further duodotyrosine
has been demonstrated 1n the urine of nephrotic subjects (Rasmussen 1956) the
onigin of this dnodotyrosine 15 not known but 1t probably appears as a metabolite
of thyroid hormone rather than from the thyrotd gland via the circulation

METABOLISM

Quantitative aspects of 10dine metabolism 1n man under normal and p:nthologlcz‘1
conditions have been ivestigated by workers too numerous to mention
mdividually  In the present article only the biochemical nature of thyroid
metabolites will be considered

For detailed study the reader 1s referred to the review by Riggs (1952) later works
wiclude the study on endermic goitre by Stanbury ef al (1954) and papers by Berson and
Yalow (1954) Ingbar and Freinkel (1955) and Sterling and Chodos (1956)

As has been said before monoiodotyrosine and dnodotyrosine do not appear
1n the blood 1n norm il subjects  their metabolism 1s entirely ntrathyroidal  After
proteolytic release from thyroglobulin (but not before) they are de 10dinated by the
dehalogenase of the gland The fate of ™I labelled thyroxine and truodo
thyronine has been studied m patients and in laboratory ammals (Gross
and Leblond 1947 Albert and Keating 1952 Taurogefal 1952 Briggs etal
1953 Roche er af 1954 and Myant 1956) After mjection thyroxine 1
rapidly distributed between the blood hver and tissues 1t then passes imnto
the gastro intestinal tract via the bile In the liver both thyroxine and to a
lesser extent truodothyronine are present as conjugates probably glucuromides
these glucuronides have not been synthesized but treatment of the conjugates with
B glucuromdase leads to the regeneration of the parent amino acids The formation
of these glucuromdes can be mhibited by liver damage induced by ally! formate
ntoxication (Beraud et al 1956)  There 1s also evidence obtamed from a number
of colour of carbonyl pounds that bile carbonyl dertvatives
of thyroid hormones Roche et al (1954) 1dentified these compounds as pyruvic
acid denivatives of thyroxine and truodothyronine

1 I
HO—O——O—O—CHZ €O COOH
i i

In rats a considerable amount of 10dine 1s excreted 1n the faeces (up to 60 per cent)
mainly as thyroxine but in man the most important 1dentifiable metabolite of the
thyroid hormones 1s the 10dide found 1n the urine  thus of course only apphes to
man 1n a bealthy state Brief mention has already been made of abnormal
metabohites found 1n certain pathological conditions

4



METABOLISM

Triodothyroacetic acid —Roche and s colleagues have recently provided evidence
of the presence of truodothyroacetrc acid (Pitt Rivers 1953) in kidney homo-

1 1
Ho—@—o—-@—cm- COOH
i

genates of rats which had recened doses of I labelled truodothyromne  this
compound could well be derived from the keto acid analogue of triodothyronine
So far however 1t has not been found n tissues after adminstration of radio 10dide
and the possibility exists that the acetic and pyruvic acid analogues do not represent
the normal metabolic pathway of thyrotd hormones but anse from the body s inability
to deal with greater than physiological doses of drugs  These findings await
confirmation

Comersion of thyroxine to sruodothy ronine

The comversion of thyroxine to truodothyronine i 1o has been demonstrated
n the mouse (Gross and Leblond 1951) to a slight extent 1n athyreotic man
(Putt Rivers Stanbury and Rapp 1955) and 1n the ral {Hogness ez al 1955) It
may well be that the conversion of tk totr hyronine 1s not an ]
step n thyroid hormone mctabohsm the ongmal hypothests of Gross and Pitt
Ruvers (1953) that thyroxine was a precursor of truodothyronime has not been
Justified by subsequent findings

Albright Larson and Tust (1954) found that rat kidney slices can consistently con
vert thyroxine to truodothyronine in virro Barker on the other hand (persoral
communication) has only had very occasional evidence of de sodination i viro
Sprott and Maclagan (1954) have also obtained de 1odination ol'!hyruxme by rat liver

with some evidence that di was formed

The presence of dnodotyrosme m invertebrates (corals sponges) has been
recognized for many years and recent work on the mctabchsm of “’l n wnverte
brates has revealed m one instance the b hests of of
thyroxine

Gorbman ef al (1954) found that after 24 hours immersion 1n a solution containmg
13 the bivalve pay nim had over 40 per cent of the environ
mental 10dide and had converted as much as 20 per cent of 1t to thyroxine  Whether
truodothyromne was also present could not be determined because the solvent used
for chromatographic analysis (butanol acetic acid) does not separate thyroxine and
truodothyromne  Roche ef al (1951) detected thyroxine but only n traces m the
gorgomne Eunicella verrucosa Pallas though and o
were present 1n constderable amounts

The formation of thyroxine in mvertebrates 1s of great interest since 1t demon
strates that dnodotyrosine coupling enzymes must exist 1n nature 1n the absence
of the thyroid gland From the evolutionary standpoint thyroxine biosynthesis
has preceded the development of the organ specialized for 1ts production

5



PRESENT KNOWLEDGE OF THE THYROID HORMONES

PHYSIOLOGICAL ACTIVITY
Effects in 1o

M) xoedema in man

Although the absence of thyroid function 1n man and tn ammals results
myxoedema cretimsm and stunted growth these conditions can be overcome by
the administration of desiccated thyroid or thyroxine Truodothyronine has been
shown to have qualitatively at least a thyroxine like effect 1n myxoedematous
subjects  Gross ef al (1952) showed that small daily amounts of truodothyronme
(80 micrograms) restored the basal metabolic rate serum cholesterol and weight
to normal levels 1n two patients  Since then many workers have studied the effect
of truodothyronine 1n man  Rawson et a/ (1953) and Blackburn et al (1954)
considered the potencies of thyroxme and truodothyronine to be the same while
Deltour and Bekaert (1953) Lerman (1953) and Asper ef a/ (1953) found trnodo
thyronine to have a much greater mtial activity as much as 5-10 times that of
thyroxine  Although Deltour and Bekaert (1953) found no difference in their
latent period of action 1t 1s now generally agreed that 1n man trisodothyronine has
a very rapid effect—changes in temperature and pulse rate may be detected an
hour after admimstration of the drug—but these same effects would take days
rather than hours to be obtamed with thyroxme

The very rapid relapse of myxoedema patients after withdrawal of truodothyronsne
has been noted by Frawley et al (1956) who also discerned some side effects
(headache tachycardia angina) It was not hofvever,suggested that truodo
thyromine was more likely to produce these symptoms than other thyroid
preparations

Kurland et af (1955) described a response to truodothyronine in hypometabolic
{non myxoedematous) patients who had not responded to treatment with destc
cated thyroid  Striking chaical improvement was obtamed 1n some cases

Starr and Liebhold Schueck (1953) have studied the relative effects of thyroxne
and triodothyromine 1n normal subjects especially with regard to their depressant
action on **'] uptake by the thyrord

Int laboratory ammals

Trnodothyromine 15 able to raise oxygen consumption in ntact rats Gemmull
(1953) Heming and Holtkamp (1953a2) and Maclagan es al (1952) all found a
potency of 1-2 1n favour of the drug while Colville and Bonnycastle (1953) and
Tomich and Woollett (1953) gave the higher ratios of 3-51n 1ts favour  In thyroid
ectomuzed rats the differences were more striking and most workers have found
that truodothyronine shows a consistently higher potency under these conditions
Donhoffer (1956) has recently shown that the drug has an immediate action on the
basal bolic rate of hypophy d rats

Gottre prevention assay
The djscovery of antithyrord drugs of the thiouracil type provided us with a new
assay of thyroidal activity Dempsey and Astwood (1943) showed that goitres
produced 1 rats by feeding thiouracil could be seversed by simultaneous admunis
tration of thyroxine the effect was proportional to the dose of thyroune In
ths_assay trunodothyronine was found to be from 3 5to 7 4 times more active than
6



PHYSIOLOGICAL ACTIVITY

thyroxme (Gross and Pitt Rnvers 1952b 1953  Tomuch and Woollett 1953
Heming and Holtkamp 3953b  and Colwille and Bonnycastle 1953} Ferguson
and Warson (1953) emphasized the ymportance of the route of adminsstration of
these compounds

Mouse anoia test

The ad of thyrod has been shown to accelerate the
death of mice from anova (Smutherof 1947} Tomuch and Woollett (1953) faund
that triodothyronine was 4 § tumes as actine as thyrowne in this test dbut Gemmull
(1933) found only shght differences in potency wihile Anderson (1954) obtamed
values tn agreement with those of Tomich and Woollett  The thyroid simulating
hormone of the pitwitary accelerates both the uptake of 10d:de by the thyrod and
the discharge of hormone from the gland, though Wolff (1951) found that this
discharge was mhubited 11 rats by small doses of thyroxine  Galbiand and Strud
wick (1953) showed that trnodothyroaine was more cffective than thyroxige m
suppressmng the dischasge of iodine from chicks thyrords—a finding confirmed by
Anderson {1954}

Amphibian metamorphoss fest

Thyrowd substance and thyroxine were early shown to accelerate metamorphosis
m amphibia and this effect has been widely used for assay of thyroud hike com
pounds  Roth (1953) found only a relatively low potency for triodothyronne in
s first assays but later (Rath 1959) obtained values similar to those of Shella
barger and Godwint (1954) and of Brutce ef af {1954} the potency of truodo
thyrontne was 3-4 imes that of thyroxiae mn this test

Miscellaneous effects

Bartlett ef of {1954) the galactop effects of L th; and
I tnodothyromne mn lactating cows and found that when both compounds were
given orally 64 mudligrams of truodothyronine daily bad much less activity than
75 grammes of thyroxtne  When the pounds were ingected sut 1
daity doses of § mllg) of tr were more effective than
5 mahgrams of thyroune 1t appears that the method of dosing 15 smportant—
the fower oral actvty of truodothyronine mav be due to s greater solubiiny and
destruction by bactera in the rumen  Tmndothyronme was mote active than
thyroxine mincreasing the heart rate of cows  1ts galactoposetic activity apparently
does not paratlel its other metabolic effects even when admmstered by the most
advantageous route

Tusques (1953) has shown that 3 darly 1 of 1h or
of trnodothyromne 1 Gewbarn rats shortly after birth wall induce opeming of the
eyes on the mnth or tenth day whereas spontaneous opeming does not occur
until the fourteenth day Maturation of the lachrymal glands opening of the
exteraal auditory anmfice and other processes wire also hastensd  The two
compounds had the sime potency and the same latent period of action

Truodothyromme has also been shown (Bruce ef ol 1953) 1o reverse the effects of
bypothyroidism on the plumage of birds treated with radicactive sodine
Thyroxne has Jong been known 1o effect this reversal (Parkes and Selye 1937) but
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1t was not compared with triuodothyronme 1n this expertment which was destgned
to test the potency of another trnodothyrontne analogue

Effects 1 vetro

An enormous amount of work has been done on the effects of thyrotd hormones
on isolated tissues and enzyme systems but a survey of this work notably mn the
reviews by Barker (1951) and Dutott (1952) shows how httle agreement there 15
between workers and how litle we know about the mode of action of these
hormones

Another aspect of thyroid hormone action relates to its effect on brologtcal
oxidations at a subcellular level It 1s now generally accepted that such oxidations
are coupled with organic binding of 1organic phosphate the encrgy produced
being stored n  hugh energy  phosphate bonds

Uncoupling effect —Looms and Lipmann (1948) first showed that 2 4-dimitrophenol
could hosphorylation and n kidney h though
they were unable to obtam this effect with thyroxine Lardy and Feldott (1951) and
Lardy and Maley (1954) ded 1n d the effect with both
thyroxine and triodothyronmne m rat kidney and liver nutochondria using a wide
variety of substrates These authors showed that enzyme preparations from the livers
of hyperthyrod rats d phosphorylation and d Lipmann
and hus co workers (Niemeyer ef al 1951 1952) obtained uncoupling effects from
tigsues of thyroxinized anmmals as did Lipner and Barker (1953) and Hoch and Lipmann
(19532 Jgdah (1951) did not obtamn any great uncoupling acttvity from liver

of antmals with th Hoch and Lipmann obtamned
effects 1 vitro after a short of the hondria with Klemperer
(1955) noted the necessity of a prehmmary incubation 1t order to get a response from
thyroxine and tr onine on n hondria  Barker and Klitgaard

(1952) showed that certain tissues excised from thyroxinized ammals show an increased
oxygen consumption in glucose and a lowered oxygen consumption after thyroidectomy
These findings have been confirmed by Hoexter (1954) and extended to truodothyrontne
by Barker (1955) and Wiswell ef af (1954) the latter workers were unable to demon
strate any effect on Ussue respiration when thyroxine or tritodothyromne were added
to tissues 17 vifro

Gemmull (1952a and b) found that thyroxine increases the oxtdation of succinate by
rat heart h the It betng pr 1 to the amount of thyroxine
added truodothyronine (Gemmill 1953a) has a comparable effect Wiswell ef al (1954)
showed that both these anuno actds augment oxygen consumption of heart homogenate
m with added h C thyroglob affected this system sumularly
(Gemmull 1954)

Thyroxine (Fell and Mellanby 1955) stimulated embryonic bone growth i tissue
culture (16 per 100 d as dud tr (Fell and
Mellanby 1956) The low of th used 1s not thy this 1s not
much greater than what might be expected 1n a physiological range

Thyroxine has been shown to influence certain systems by removing metals from the
medium by complex formation  Gemmull (1951a and b studied 1ts effect on the oxtda
tron of ascorbic acrd by the copper enzyme ascorbie actd oxtdase from squash (Dunn
and Dawson 1951) and 2Jso its cradation catalysed by cupric ions  he found that the
enzymic oudation was accelerated and that the copper catalysed oxidationwasinhibited
Gemmull (1953b) and Gemmull and Plunkett (1952) considered that thyroximne acted by
removing the copper 2s an msoluble complex composed of one mole of cupric chlortde
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and three moles of thyroxine  Frieden (1952) suggested that activation of ascorbic
acid oudase may be due to complexing of thyroxine with copper when he showed
that thyroxine reversed the mhibition of the enzyme by cupric tons  Mercury zinc
and mckel also mhibited the enzyme but to a kesser extent

Askonas (1951) showed that the activity of a partially purified preparation of creatine
phosphokunase was mhibited by addition of thyroune i concentrations between
1-14 x 10 M enzyme preparations from ammals which had received injections of
thyroune also exhibited reduced activity  Kuby et af (1954a) found that inhibition
of crystalline creatine transphosphorylase from rabbit muscle (Kuby er af  1954b) by
thyroxine was due to the removal of magnesium on which the enzyme 1s dependent
by complex formation  Truodothyronine which did not form insoluble precipitates
with magnesium in the concentrations tested had only shight ithibitory activity towards
the enzyme

Dain (1954) briefly reported that hib of oud; hosphorylation
by mitochondna from various tissues could be related to the rcmoval of magnesium as
a thyroxine complex The 1) effect of thy was d when the
concentration of magnestum was below 12 micro moles per rallilitre and was reversed
by magnesium concentrations above this level  The thyroxine effect was absent when
magnesium conccnmmon reached 24 micro moles per mxlhhlre Mudd et al (1955)

d the action of to n its

effect the effect was also noted when and doth; tic acid
were the uncouphing agents

Conclusion

In spite of all the work which has been done on these i vitro effects the subject
15 far from clear  The two main objections to the uncoupling effect being the major
action of the thyroid hormones are (1) the very large concentrations of the
hormones necessary to produce an effect and (2) its non specifiecity 2 4 Dimitro
phenol which has been shown (Dodds and Robertson 1933) to bring no alleviation
of symptoms 1n myxoedema apart from raising the basal metabolic rate 15 a very
powerful uncouphing agent as 1s the antithyroxine agent n butyl 3 5 dnodo
4-hydroxybenzoate (Sheahan er al  1951)

Undoubtedly thyrotd hormone effects at a subcellular level had to be explored
but the results have been disappointing a physiological system rather than a
biochemical one may well yield more frmitful results The dependence of the
thyroid gland on the pitwitary the adrenals and the pancreas indicates that other
factors must be present for the thyroid hormone effect to be fully mamifested

OTHER THYROID HORMONE LIKE COMPOUNDS

Besides thyroxine and trnodothyronine other 1odinated diphenyl ethers have been
demonstrated 1n the thyroid blood and tissues  Roche and his co workers have
detected 3 3 duodothyronineand3 3 5 tniwodothyromine in small amounts in
tissues of amimals after ¥ the Jatter p d 15 almost mactne

but the former 1s claimed to possess considerable activity 70 per cent and 82 per
cent of the activity of thyroxine when studied by the amphibian metamorphosis
test and by the goitre preventton method (Roche er af 19552 1955b  1956b

1956c) Gemmull (1956} however has found only alow activity for this compound
n oxygen d rats and in the goitre

prevention assay




PRESENT KNOWLEDGE OF THE THYROID HORMONES

The keto acid analogues of thyroxine and trnodothyronme have been mentioned
previously as metabolites of the thyroid hormones Roche et al (1955 19562)
find potencies of tetrarodothyropyruvic acid to be 30 per cent of that of thyroxine in
amphibra and 1n preventing goitre formation  Comparable potencies for triiodo
thLyropyruvnc acid were 100 per cent 1n both tests  Pitt Rivers (unpublished) has

d lower p for both pounds by the goitre prevention method
13 per cent for the tetratodo acid and 20 per cent for the truodo acid

The acetic acid analogues of thyroxine and truodothyronine (Harmngton and
Pitt Rivers 1952 Pitt Rivers 1953) have been variously assayed Truodothyro
acetic acid (tniac) has considerable antigoitrogemic actvity 1t can stmulate
growth 1n thyrowdectormzed rats (Pitt Rivers unpublished) and can restore the
plumage of thyroidectormzed birds to a prethyroidectomy condition (Bruce ef al
1954)  The effects of triac in myxoedema and 1n normal subjects have been
vestigated by Lerman and Pitt Rivers (1955) and by Trotter (1955, 1956) It
appears that triac may have a more marked effect on cholesterol and water meta
bolism than on the basal bolic rate  this 1 action 1s not shown with
tetratodothyroacetic acid (Goolden 1956)

The metabolism of triac has been studzed by Roche ez al (1956a) who found that
1n rats 1t 15 symlar to that of truodothyronie though its concentration by liver
15 somewhat fower and longer lasing  Preliminary studies by Goolden and Pitt
Ruvers (unpublished) 1n man show an mmtial rapid disappearance from the blood
followed by a much slower clearance

Truodothyroacenic actd —This acid has been claymed (Thibault and Pitt Ruvers 1955)
to exert an on of tissue shices 1 witro  thts finding
has not been confirmed Heimberg ef a! (1955) also found an immediate effect with
this analogue on glycolyss 1n ascites tumour cells g7 vitro No effect was detected with
thyroxmne and truodothyronine It has been suggested that many tissues are relatively
impermeable to the thyroid hormones 1 wiro systems and lose their viability before
they can exert their effects  In this connexion Eaton et af (1953) fatled to detect any

effect of on virus alth 1 and # butyl
3 5-duodo-4 hydroxybenzoate inhtbited the growth of the virus n tissue culture
Eaton er al (1956) found however that both and onine 1

oxygen consumption tn viruses 1n tissue culture after a latent pertod of 12 hours

A different manifestation of thyroid activity has been studied by Lachaze and
Thibault (1951) and Harington and Thibault (1953) Thyroxine ard trunodothyronine
have both been shown to enhance the sensitivity of 1solated rabbit mtestme to adre
nahne but the effect only appears after a latent period ~ With the amines thyroxamine
and truodothyronamtne the effects are immediate and obtainable with very mibute
doses  Lachaze and Thibault (1952) have presented chromatographic evidence of the
presence of thyroxamine 1n the ntestinal mucosa but this finding 1s still not established
Not enough 1s known of the analogues described i this section to warrant their inclusion
1n a scheme of thyroid hormone metabolism

CONCLUSIONS
The foll g up of 1odine bolism 1n the body can be made according
to our present knowledge
(1) Todide 15 d from the 1 by the thyroid gland
e orgamically bound

(2) The thyrord enzymes convert 1norganic 10dide to th
10



' CONCLUSIONS
10dine 1n thyroglobulin  The prninerpal 10do amino acids n thyroglobulin are
dunodotyrosine and thyroine  Monoiodotyrosine and 3 5 3 truodothyronine
are also present Recent evidence has been put forward for the presence of
3 3 duodothyronine and 3 3 5 truodothyronine in the thyroid
(3) The proteolytic enzyme of the thyroud hiberates the 1odo amino acxds from

protein hnkage M dotyrosine and duodotyrosine are dehal d 1n the
thyroid and they do not normally pass out or the gl;\nd The 10dide thus liberated
15 presumably re utilized for thyrogl Thyroune and trnodo

thyronine pass into the circulation

{4) The principal circulating hormone 1s thyroxine Truodothyronine 15 also
present in the blood but only 1n small amounts

(5) The thyroid hormones are chiefly metabolized 1n the liver and kidneys  In
the Iner thy and truodoth are d as glucuromdes and then
pass via the bile nto the gastro intestinal tract  There 15 evidence of an alter
native metabolic pathway m the hver owidative deamination of thyroxine and
truodothyromne to give the corresponding pyruvic acid derivatives

(6) In man thyroid harmonal 1odine 15 mamly excreted by the kidney as 10dide
n the rat much of the hormonal 1odine 15 excreted 1n the faeces probably as
thyroxine

(D The enzymes in the thyroid which are responsible for the of
1odide from the blood and for its organic incorporation are unknown Equally
unknown 1s the peripheral target of the thyroid hormones research at 1solated
enzyme levels has failed to reveal what might be a specific thyroid effect The
dependence of thyroid functton on other endocrine systems 1n the body indicates
that the search for knowledge of the thyrord s action may demand a more physio
logically integrated system than has yet been investigated
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The keto acid analogues of thyroxine and truodothyronine have been mentioned
previously as metabolites of the thyroid hormones Roche ef al (1955c 1956a)
find potencies of tetraiodothyropyruvic acid to be 30 per cent of that of thyroxine in
amphibia and 1n preventing gottre formation Comparable potencies for trnodo
thLyrcpyfuwc acid were 100 per cent 1n both tests  Patt Ravers (unpublished) has

lower p for both pounds by the gostre prevention method
13 per cent for the tetrarodo acid and 20 per cent for the truodo acid

The acetic acid analogues of thyroxine and truodothyromine (Harmngton and
Putt Ravers 1952 Pitt Ravers 1953) have been variously assayed Truodothyro
acetic acd (tnac) has considerable antigostrogenic activity 1t can sumulate
growth mn thyroidectomized rats (Pitt Rivers unpublished) and can restore the
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appears that triac may have a more marked effect on cholesterol and water meta
bolism than on the basal metabolic rate  this differential action 1s not shown with
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The metabohsm of triac has been studied by Roche ef af (1956a) who found that
1n rats 1t 15 simular to that of truodothyronine though 1ts concentration by Inver
1s somewhat lower and longer lasting  Preliminary studies by Goolden and Pitt
Ruvers (unpublished) 1 man show an initial rapid disappearance from the blood
followed by a much slower clearance

Truodothyroacenic acid —This acid has been claimed (Thibault and Pitt Rivers 1955)
to exert an d ] on of tissue slices # vitro  ths finding
has not been confirmed Heimberg ef af (1955) also found an rmmediate effect with
this analogue on glycolysis 1n ascites tumour cells i vitro No effect was detected with
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Thibault (1951) and Harington and Thibault (1953)  Thyroxine ard truodothyronine
have both been shown to enhance the sensttivity of 1solated rabbit mtestine to adre
naline but the effect only appears after a latent period ~ With the amunes thyroxamine
and truodothyronamine the effects are immediate and obtainable with very mhute
doses  Lachaze and Thibault (1952) have presented chromatographic evidence of the
presence of thyroxamune in the intestinal mucosa but this finding 1s still not established

Not enough 1s known of the analogues described 1n this section to warrant their tnclusion
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' CONCLUSIONS

1odine 1n thyroglobulin  The principal 1odo-amino acids in thyroglobulin arc
duodotyrosine and thyroxine  Monotodotyrosine and 3 5 3 truodothyronine
are also present Recent evidence has been put forward for the presence of
3 3 duodothyronine and 3 3 5 trnodothyromine in the thyrod

(3) The proteolytic enzyme of the thyroid liberates the 10do amino acids from
protein hinkage  Monoiodotyrosine and duodotyrosine are dehalogenated i the
thyrod and they do not normally pass out cf the gland  The 1odide thus iberated
15 p ly re utilized for thyrogl yntk Thyroune and truodo
\hyromne pass tnto the circulation

(4) The pnnapal airculating hormone 15 thyroune  Tritodothyromne 1s also
present in the blood but only in small amounts

(5) The thyroid hormones are chiefly metabolized in the liver and kidneys In
the liver thyroxine and truodothyronine are conjugated as glucurontdes and then
pass via the bile 1nto the gastro intestinal tract  There 1s evidence of an alter
native metabolic pathway i the lver dative d of thy and
tritodothyronine to give the corresponding pyruvic acsd derivatives

{6) In man thyroid hormonal 10dine 1s mainly excreted by the kidney as todide
1n the rat much of the hormonal 10dine 15 excreted in the facces probably as
thyroxine

{7) The enzymes 1n the thyrotd which are responsible for the concentration of
10dide from the blood and for its organic mcorporation are unknown Equally
unknown 1s the penipheral target of the thyroid hormones research at isolated
enzyme levels has failed to reveal what mught be a speaific thyrowd effect  The
dependence of thyrotd function on other endocrine systems in the body indicates
that the search for knowledge of the thyroid s action may demand a more physio
logically integrated system than has yet been investigated
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CHAPTER 2
ANTITHYIROID DRUGS
D M Duwor

ANTOHYROID agents are chemical substances which prevent the synthesis refease
or penipheral action of thyroxine  The three main types of these compounds are
1ons of 10dine the radioactine 1sotopes of 10dine and the goitrogemc drugs  The
first and third of these pounds are d here rad € 1odine being
dealt wath 1n Chapters 4 and §

10DIDE

Pharmacological action

Todide 15 the oldest of the antithyroid drugs and until 1943 1t was the only one
known to have a speaific effect 1n inhibiting the signs and symptoms of hyper

thyroidism  [tis somewhat paradoxical that a drug which in very small quantities
15 necessary to prevent endemic cretimsm should 1n larger doses have the effect
of reducing the hypertrophy and hyperplasia of the hyperactive thyroid gland and
of causing 1t to store thyroune-contammng collotd thereby greatly reducing the
excessive amount of thyroid hormone entenng the circulaton  How 10dide does
this 15 stifl largely unknown 1t 1s certain that its action 15 entirely different to that
of the goitrogens and that 1t 1s without effect on the penpheral action of thyroxine

since 3t bas no nft on the hyperth produced by large doses of
thyroxine or thyroid extract Itis fate thatjodide duces 11$

effect by imhbiting thyrotrophin (Astwood 1949) which has an exactly opposite
effect to the involution of the thyroid and the storage of colloid in the gland—the
charactenstic results of 10dide medication  An imhibiting action of 1o0dide on
thyrotrophin would also explain its relatively poor therapeutic effect on a hyper
functioming adenoma of the thyroxd in comparnson with its effect 1n Graves
disease since an adenoma of the thyroid may be independent of the secretion of
thyrotroplun  Nevertheless since thus hypothesis does not explain why the
admimstration of 1odide has no effect on normal thyroid function we are forced
to confess our relative 1gnorance of its pharmacological action m hyperthyroydism
(Rawson ef al  1945)

Chinieal effects

The therapeutic action of mdldc on a hyper(hyrmd patient who has not

ly had the drug and some effect may
be noted wnhm 24 hours  The full eﬂ'ect of the drug 1s usually felt within 10-14.
days  Dunng this ime there 15 a marked fall 1n the basal metabolic rate a decrease
m the intensity of ali the symptoms wath a gain 1n weight and 2 slowing of the
pulse rate  The gland stself becomes firmer and less vascular  Complete euthy
rowdism 15 however seldom attaned by this form of treatment alone
15
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GOITROGENIC (ANTITHYROID) DRUGS

of cabbage leaves tended to develop goitres an observation confirmed by others
and extended to include brassica seeds and soya beans as goitre producing sub
stances The changes in the thyroid were those of a diffuse parenchymatous goitre
mvolving hyperplasta and loss of colloid

These earlier accounts of goitrogenic substances differed as to whether the
changes produced could be inhibited by 10dide as to the resulting metabolic state
of the animal and as to the nature of the effective mechanism but they were the
forerunners of the intensive studtes which were begun by Griesbach Kennedy and
Purves (1941) who found that the feeding of brassica seeds not only produced
goitres but that simultaneous changes occurred 1n the pitustary similar to those
winch follow thyrordectomy  Further 1t was discovered that the hyperplasta of
the thyrord did not take place after hypophysectomy showing that the goitre was
mediated by the antenior pituitary

In attempting a year later to find the causative factor n the rape seeds Kennedy
(1942) supgested that 1t might be a dernvative of thiourea and indeed showed
that allyl thiourea caused the charactensstic changes already noted in the thyroid
and pituitary  His observation was shghtly anticipated by Richter and Clisby
(1941) and by the Mackenzies and McCollum (1941) who showcd respecmely lhat
thyrotd hyperplasia occurred on g pt
an effect not influenced by adding 10dide to lhe diet but Wthh could be abolished
by eﬂ'ecu\e doses of thyroxine

studies by the Mack (1943) and by Astwood Sullivan Bissell

and Jyslovutz (1943) showed that the hyperplasia of the acinar cells of the thyroid
and the decrease 1n colloid of the follicles which followed the admunistration of
thiourea were associated with a fall in the basal metabolic rate along with a decrease
m growth and a diminished food intake  The apparently paradoxical finding was
thus made that a hyperplastic thyroid could be produced stmular histologically to
a thyrotouc gland but associated not with hyperthyroxdism but with hypothy
roidism  The classical work of Marine (1935) however had shown that the
picture of thyroid hyperplasia and lack of colloid does not necessanly indicate
thyrotoxicosts 1t may mean that the thyroid 1s producing insufficient hormone
for the needs of the body and 1s being stimulated to hyperplasia by thyrotrophin
from the prturtary to correct the deficiency  Such hyperplastic glands are often
seen when there 1s an mncreased hormonal demand as at puberty and pregnancy
and 1n people taking iodine defictent diets When 1odide 1s given under such
crrcumstances the thyroid reverts to 1ts normal state  The giving of 1odide how
ever had no effect on the hyperplasttc glands produced by thiourea showmg that
the effect was due to a different action

Pharmacological action

The chncal association of thyroid hyperplasia and hypothyrordism might have
been explained on the basis that the goitrogenic agents neutralized thyrotne 1n
the body tissues the thyrord being stimulated to hyperplasia by thyrotrophin
an attempt to correct the deficiency  The fact that the admumistration of thyroune
entirely nulbfied the effect of the goitrogens made this explanation 1 turn
1nconclustve

These results suggested that the goitrogenic agents acted directly on the thyrord

mTE 17 .



ANTITHYROID DRUGS

Dyfferences of opimon over prolonged 1odide therap)

Optnions differ as to the course of the disease when 10dide therapy 1s prolonged
There 15 no doubt that after a few weeks 1t 15 usual for the pulse and metabohc
rate to mse again for the symptoms to become aggravated and for a general
detenioration to occur in the patients health Many authonties consider that
these mamfestations indicate that the patient has become entieely refractory to
todide They believe that pharmacologically the drug has an 1mitial valuable
effect which cannot be sustained and that tlus should be sedulously preserved for
the crucial pre operative period 1t should never be allowed to waste 1tself on the
patient s ordinary existence  Others however believe that patients do not really
become 1odide resistant but are stll under the control of 1odide 1 spite of a
deterioration 1 their condition  hyperthyroidism 1s known to pursue a cyclic
course of remisston and exacerbation and rodide 1s constdered by some to hold
these fluctuations in check at a level somewhat below that which would occur 1n
the untreated case (Means 1948)

Opinion 15 largely unammous however that 10dide should seldom be prescribed
m hyperthyroidism except for the 10-14 days prior to thyroidectomy (Plummer
1923) It 1s absolutely contra indicated 1f the patient 1s to receive radioactive _
1odine treatment 1n the near future and its immediate previous use may even
fiiterfere to some extent with the therapeutic action of gottrogenic drugs

Dosage

Todide continues to be widely prescribed as Lugol s solution which contans a
muxture of 5 per cent 10dine and 10 per cent potassium rodide m water There
seems no reason to prescribe 10dide 1n this form since 1dentical results are obtamed
by giving potassium 1odide 1tself A maximum therapeutic effect 1 hyperthy
roidism 1s obtamed by giving as little as 6 milligrams of potassium rodide duly
This quantity 1s contained in about 0 06 mullilttre (1 mimm) of Lugol s solution
Most physicians prescribe larger —1 gram of 10dide or 10
mumims of Lugol s solution once or twice a day  Although these larger doses do
no harm they should never be exceeded It 1s wise to continue 10dide medication
for a week following thyrosdectomy

GOITROGENIC (ANTITHYROID) DRUGS

Goitrogens are drugs which interfere with one or other of the mechamisms whereby
thyroxine and trnodothyromne are synthesized by the thyrord The resulting
hypothyroid state of the individual stimulates the anterior pitwitary to produce an
excess of thyrotrophun which results 1n thyroid hyperplasta  Duning the last few
decades a large number of such agents have been described  The effect of some
of these substances 1s due to the al 1m 10dine bol, which they
induce since the stmultaneous admmistration of 10dine innbits their gortrogenic
action  Certain other substances such as cyamde produce gotres presumably
by inhib the biol 1 oxid: of body cells

Thstory and pharmacological action
Chesney Clawson and Webster (1928) first observed that rabuts fed on a det
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GOITROGENIC (ANTITHYROID) DRUGS

however several other compounds have been introduced and widely used  The
most important of these have been Methyimazole (U § P) (Tapazole) and Carbi
mazole (B P) (Neo mercazole) which closely resemble each ather chenucally and
i their phar ! 1 action  Iott 1 (Itrumil) differs from the other
goitrogensc drugs in that an 10dine atom 1s 1ncorporated in the molecule n the hope
that the compound would combine the antithyroid actions of both goitrogens and
1odide Its effects however are much more like those produced by todide than
by thiouraci! and 1othiouracil 1s not generally regarded as a very deswrable
preparation

These drugs are rapidly absorbed from the gastro intestinal tract and are
distributed throughout all the tissues and body fluids appearing in lughest concen
tration 1n the bone marrow and thyroid  They pass through the placenta easily
and are secreted m the milk  Their concentration in the blood 8 hours after
admimistratton s Jow though methimazole and carbimazole have a longer action
Approumately 50 per cent of thiouracil 1s broken down in the body and 25 per cent
1s excreted 1n the urime but none n the stools  Propylthrouracil 1s broken down
less rapidly and gh concentrations accumulate 1n the thyroid 1f 60 per cent did
not become conjugated 1 an nactive form 1t might have an even more powerful
antithyroid effect

Since the pharmacological actions of these drugs are very similar the choice of
preparation depends upon the meidence of the undesirable side effects which they
may produce and to a less extent upon their duration of action  Although their
potency varies greatly this should not alone be taken into conmdemtlon provided
the dose required to produce a ¥ hib of the sy of thy
1s not such as to produce toxic effects  Propylthiouracil methimazole and carbi
mazole 1n therapeutic doses are approximately equal m the frequency with which
they produce toxic side effects and are less toxic than methylthiouracil  Metht
mazole and carbimazole are less transient 1n therr action than propylthiouracil
and as carbimazole 15 freely avatlable in Great Brtamn it is 1n the author s opinton
the drug of choice

Potassium perchlorate

Certain antons particularly potassium perchlorate also possess a goitrogenic
action (Wyngaarden Stanbury and Rapp 1953) and have been used with some
success n the treatment of hyperthyrordism  Their mfluence can be readily over
come by the admimstration of 1odme a fact which implies that they mterfere with
the uptake of mnorganic 10dide by the thyroid though how they do this 1s as yet
unknown The action of potassium perchlorate 1s slower than that of carbimazole
and the thiouracils  In addition they may produce gastric irritation so that on
the whole they are less satisfactory drugs

Therapeutic apphcations

There are three maim therapeutic applications of the goitrogemic drugs (1) the
medical treatment of hyperthyroidism  (2) the pre operame preparanon of the
hyperthyroid patient for thyroid y (3) thep fa
:}tla(e as an ancillary measure 1n the treatment of disease other than that of the

yroid
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thus preventing the production of thyroxine and this was proved to be the case
by Franklin Chaikoff and Lerner (1944) who studied the effects of goitrogens on
the i vitro conversion of radioactive organic 10dide to thyroxine and duodo
tyrosine by surviving thyroid slices  They found that thiourea and 1ts dervatives
strongly depressed this conversion It s therefore practically certain that the actron
of such substances 1s to interfere with the synthesis of thyroxine by preventing the
todination of tyrosme Our present knowledge derived from the foregomng
expernimental work may be summarized as follows gortrogenic substance pre
vention of 1odination of tyrosine lack of thyroxine compensatory increased
production of thyrotrophin  thyroid hyperplasia

The precise mechanism whereby these agents prevent the 10dination of tyrostne
remarms 1n doubt  Since their potency seems to correspond with therr strength
as reducing agents 1t would seem logical to search for a mode of action dependent
on their reducing activity ~ Astwood (1949) has d three such p i
(1) they might compete with 10dide as a substitute for the 10dide oxidizing enzyme
(2) they mught reduce peroxide and thus prevent 1t from serving as a substitute for
peroxidase  (3) they mught reduce any free todine liberated before 1t had a chance
to 1odinate tyrosyl groups None of these possibilities has direct experimental
support  Nevertheless the third 15 very probable since these substances In the
thiol form are known to reduce free 10dine with great rapidity wr vitro

Preparattons

Astwood (1943) was the first to prove the clinical value of thiourea 1n the treat
ment of hyperthyroidism since when 1ts derivatives have been extensively used
therapeutically  Principally as the result of Astwood s work 1t 1s now recognized
that there are hundreds of substances which possess antithyroid goitrogenic
properties to a greater or lesser extent Many of these are to be found among
common foodstuffs including the turnip but it 1s improbable because of their
weak action that these foods are responsible for any significant proportion of the
cases of goitre and di ly d

Two principal groups of drugs have been discovered to possess antithyrord
properties (Pitt Rivers 1950)  The first and most active group consists ofihxourea
and 1ts denvatives The second group contains an amino benzene-ning 1n 1ts
structure and includes the sulpha drugs and sub such as para
acid and para aminosahcylic acid  The drugs n ths latter group have not been
used therapeutically for their antithyrord effects but are of importance since long
continued use of drugs of this type for other purposes may have the undesirable
side effect of causing goitre and hypothyrordism

Propylthiouracil methyithiouracil methima.ole and carbima ole

Thiourea because of its unpleasant taste was soon abandoned as a therapeutic
agent 1n favour of thiouracil which was practically the only gortrogenic drug used
until the end of World War I Methylthiouracil was introduced in Denmark 1n
1944 as a cheaper and more easily prepared substance and for many years was the
principal antithyroid drug used i Great Britam  while propylthiouracil was more
extensively favoured 1n the United States of Amenica  During the past few years
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THE MEDICAL TREATMENT OF HYPERTHYROIDISM

A gain m weight s a ¢t stic result of and 15 often striking
Werght whuch should be regularly recorded 15 ane of the most relible prognostic
features in hyperthyrowdism

Tachycardia

When a severe degree of tachycardua 1s present this feature may persist long after
the other symptoms and signs have disappeared and 1t 15 often the last to remit
under treatment  Thyrotoxse fibnilation returns to normal rhythm spontane
ously i about 50 per cent of cases when a euthyrod s(alc has becn mduced by
the drues just as normal thythm mav occur sp after di
When fibrillation persists  quinidine treatment  after full dngnahzanon may
restore the thythm to normal

Ghcosung

The mild plycosuria so commonty encountered in thyrotoxicasis may disappear
under the nfluence of anuthyrosd drugs just as it does after thyroidectomy
There are of course thyrotoxic cases associated with true and severe diabetes
the fatter may be amehorated but not cured by such treatment  For such cases
dietetrc and nsulin treatment will be required

Exophthalmes
Although exophthalmos may not be greatly benefited by drug treatment some
mprovement usually occurs in those patients who are going to expersence a
permanent renission as the result of treatment  Occasionally 1t gets worse as #t
does after thyroud This drug however 1s less likely
to gnve nise to the distressing condition of exophthalmic ophthalmoplegia than
thyroidectomy
The drugs invanably cause the goitre to become softer and more vascular in
contrast to the tirmer and less vascular gland produced by 1odide and the incidence
of a permanent remission 18 much higher nn those patients who show a sigmficant
decrease n the size of the gland as the resuft of treatment  An increase in its size
associated with symptoms and signs of hypothyroydism occurs as the result of
over dosage as under such crrcumstances the pituitary 1s stimulated to produce an
excess of thyrotrophun  This hyperplasia and hypothvroidism disappears when
treatment 1s stopped or the dose appropnately reduced but unless care 15 taken
very large and unsightly gortres which may take a fong time to recede can be
produced by over dosage

Taxic reactions
The recorded signs of toxiaity to these drugs (van Winkle ef ol 1946) include
in order of seventy shight oedema of the legs and feet compunctivitis adena
pat‘hy rashes acute sensiivity reactions such as drug fever and vomiting and blood
particutarly Eighty per cent of such reachops occur
wathin the fist 2 months of treatment espectally when the patient 1s recewving the
tnstral high dosape or when treatment 1s remstituted after an interval of time
Serious signs calling for a cessation of freatment are the acute sensitivity reactions
and the blood dyscrasias  In the treatment of out patients frequent white blood
counts are tmpracticable as a means of guarding aganst agranulocytosis which
fn any case may be very sudden inits onset  Patients should therefore be warned
1o stop the drug and report to the doctor should any untoward symptoms arise
21




ANTITHYROID DRUGS

THE MEDICAL TREATMENT OF HYPERTHYROIDISM
Dosage

The antithyroid drugs are given by the mouth i tablet form The usual dose
of propyithiouracil or methylthiouracil for the first few weeks of treatment vartes
from 0 3 to 0 6 gramme a day depending on the severity of the disease  As these
drugs are rapidly excreted they should during this mtial period be given m
divided doses 3 times a day  Carbimazole 15 roughly 10 trmes as potent as the
thiouracil preparations so the equivalent range of dosage will be 30-60 milligrams
aday Once a significant remussion has been produced by this initial treatment
the dose should be reduced to a maintenance level smce a continuation of the
mmual high dosage would result 1n myxoedema and the indirect effect of excess
secretion of thyrotcophin which would cause enlargement of the goitre The time
required to produce an approximately euthyroid state varies from patient to patient
The response 15 not so rapid as with 10dide but 1s more consistent 15 progressive and
can be mamtaned 1t usually takes from 3 to 5 weeks Patients with large
nodular gortres are apt to be somewhat resistant to this form of treatment In
such cases the mitial large doses may have to be mantamed for a longer pertod

The optimum mamtenance dose also varies from patient to patent It 15 usual
to admmuster 0 2 gramme of propylthiouracil or 20 mulligrams of carbimazole
daily to begin with reducing this according to the reaction of the patient to
0 1 gramme or 10 muiligrams respectively and finally to S0 mulligrams or 5 millt
grams In mild cases O 1 gramme and 10 mulligrams may be given as the imtal
maintenance dose A return of thyrotoxic signs and symptoms or an enlargement
of the goitre associated with symptoms of hypothyroidism ndicates the need for
an appropriate increase or decrease of the maintenance dose Treatment has
to be continued for at Jeast a year and sometimes longer

Clinical effects

As the store of thyroxine in hyperthyroid glands 1s very small an effect 1s rapidly
produced 1 hyperthyroidism 1f further formation of the hormone 1s prevented
Some subjective benefit 1s usually experienced withun a week of starting treat
ment thereafter symptoms steadily improve The objective signs parallel 1n their
improvement the subjective sensations of the patient

After a latent period of about a week a fall 1n the basal metabolic rate occurs
and with opttmal doses 1t may become approximately normal m the majority of
cases 1n from 3 to 5 weeks when the change should be made from mmitial to matn
tenance gose  The deter of the basal bohic rate however mav not
be a practicable possibihity 1n ordinary practice and 1t certamnly should not be
attempted 1n an out patient Even i hospttal patients become over anxious about
such tests and artificially high figures may 1n consequence be obtamed A far
better guide to dosage 1s to rely on chimcal observations—the feel of the hand
the state of the pulse the weight and the subjectrve sensations of the patient

The blood chol 1 con 15 low 1 d hyperthyroidism just
as 1t 1s high 1n myxoedema and 1t tends to nise under the nfluence of anuthyroid
drugs Tt1s not however a relable yardstick for the control of treatment as in
individual cases there 1s often Iittle correlation between blood cholesterol con
centration and the progress of the patient
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Treatment for young people

Antithyrotd drugs constitute the best treatment for most young people especialty
those suffering from moderate primary Graves disease and unobtrusive goitres
The disease in such cases 15 usually self imiting and 1t 1s only necessary to maintamn
a d state tll sp occurs  The tdea of irrevocable
surgical nterference with the endocrme system of young patients 15 repugnant
and (f possible should be avoided 1t 1s always possible to resort to thyroidectomy
1f they relapse after treatment or 1f serous toxic reactions to the drugs occur

In the author s optnion these drugs also conststute a satisfactory form of treat
ment for hypcnhyrondlsm n the prcgnan! woman Surgery 1s undesirable 1 late

and 1odine 187 absolutely contra indi d The drugs

however are secreted 1n the mulk  the patient should not therefore be allowed to
nurse her baby The danger that the function of the foctal thyroid may be
depressed by the drugs and that owing to their goitrogenic action the child may
be born with a goitre 15 not serious provided care 1s taken to avord over dosage
with the production of hypothyroidism in the mother (Astwood 1951)

Treatment for patients over 35 years of age

Thyroidectomy 1s indicated for most patients between 35 and 45 years of age
especially for those with defimitely nodular goitres with large and unsightly goitres
with goitres causing pressure symptoms and with goitres which are retrosternal
or with retrosternal extensions  In the future radioactive 10dine may prove to be
the treatment of choice for the majority of cases of thyrotovicosis At present it
should be reserved for the (reatmem of patients over 45 years of age or for those
who develop a recurrent thy osts foll g There 15 a
considerable nisk of a second operation 1n such cases c:\usmg hypoparathyroidism
or vocal cord paralysis

Though these are \| to help the 1n his choice of treat
ment 1t 15 best not to adhere to nigid rules but rather to treat each patient as an
mdividual problem  The type of therapy selected should take the widely varying
individual circumstances of each patient into account Medical treatment by
drugs has the advantages of their general availability their comparative safety and
the fact that muld cases can be treated as out patients without the necessity 1n
many cases of the patient stopping work Their main disadvantages even in
suitable cases are the long period of treatment and observation required without
any certainty of a final permanent remission and the need for ntelligent co opera
hion on the part of the patient during treatment

Pre-operative use of anhithyroid drugs

Opimion 15 largely unanimous that these drugs have an important role to play
1n the preparation of thyrotoxic patients for operation  JTodide medication alone
seldom restores the metabolism of a severe case to normal It greatly improves
the symptoms and signs but does not hold them m complete check as 1s usually
the case when adequate treatment is gwen w1th antithyroid drugs The pre
operative use of the latter has greatly d d the ds of post
thyrotoxic erises and has thus still further reduced operative mortality The t thyroud
glands of patients treated n this way are rendered excessively vascular and thig
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and particularly on the first sign of a sore throat  Provided they do this at once
serious tovie reactions are not hkely to make this treatment unsntable for use i
general practice and when the thyrotoxicosts 1s only mild the patients may be
successfully treated from the outset as out pattents In the vast majority of
cases when the admunsstration of the drug 1s stopped and appropriate antibtotic
therapy mstituted the agranulocytosis soon disappears Most of the recorded
deaths from agranulocytosis due to these drugs occurred between 1943 and 1945
when antibiotics were not as freely available as they are now Even then the
mortality rate compared extremely favourably with that of expert surgery

Touc manifestations were rather frequent when the older antithyrod drugs
were used  About 11 per cent of all patients treated showed a greater or less
degree of mtolerance and 1n about 7 per cent the toxic effects were sufficiently
serious to necessitate the abandonment of this form of treatment Agranulo
cytosis occurred 1n from 1 to 2 per cent of cases  The incidence of toxic reactions
resulting from propylthiouracil or carbimazole 1s much less  In a farly extensive
experience of the use of the latter drug the author has not encountered a single
toxic reaction 1n a patient taking less than 20 milligrams of carbimazole a day

Mild signs of ntolerance to one preparation can be avoided by the use of an
alternative drug but once a sertous reaction has developed to a particular drug 1t
15 usually unwise 1o continue treatment with any similar compound

Ultimate effects

In hyperthyrordism treatment with antithyrord drugs should be continued
uninterruptedly for at least a a year There 1s much evidence to suggest that a high
relapse rate follows shorter periods of treatment Among patients who have been
treated adequately a2 permanent remission may be anticipated 1n about 50 per cent
of all cases of hyperthyroidism 1In mild cases of primary Graves disease m
young women with unobtrusmve goitres the proportion of cases permanently cured
by this method of treatment approaches 70 per cent whereas in mddle aged
women with nodular goitres the proportion of permanent remussions Is not more
than 40 per cent  The likelihood of a permanent remisston 1s increased if 1t has
been possible to maimntain the patient 1n a euthyrord state for some months by as
small a daily dose as 50 of propylth 1 or 5 mll of carbt
mazole and 1f the goitre has decreased 1n size and the exophthalmos receded  The
mayority of relapses take place within 2-4 months of stopping treatment and 1f the
patient remains well for 6 months relapse 1s unlikely to occur  Those who relapse
once after adequate treatment can of course be treated again but the majority
will relapse once more after a second course 50 that for them alternative methods
of treatment are usually indrcated (Dunlop and Rolland 1950)

and contra i antithyreid drug treatment
Th:re 1s a considerable dlﬂ”erence of viewpoint as to the place of these drugs in
of hypertt Some authorittes believe that they should

the
seldom be used except to control severely thyrotoxic patients prior to pre operative
treatment with 1odide or prior to the admimistration of radroactive 10dine  Others
believe that they are the treatment of choice in the majority of patients and that
alternative methods should only be resorted to if they fail  Betweén these two
extreme views the foll g gener: 10ns are to many workers
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Treatment for vouns people

Antithyroid drugs constitute the best treatment for most young people especially
those suffering from moderate primary Graves discase and unobtrusive goitres
The disease in such cases 1s usually self hmiting and 1t 1s only necessary to maintamn
a cuthyrod state ull sp occurs  The 1dea of irrevocable
surgreal interference with the endocrine system of young patients 1s repugnant
and 1f possible should be avoided 1t 1s always possible to resort to thyroidectomy
1f they relapse after treatment or 1f serious toxic reactions to the drugs occur

In the author s opinion these drugs also constitute a satisfactory form of treat
ment for hyper(hyrmdlsm 1 the prcgnan! woman  Surgery 1s undesirable 1n late

y and 1odine 18 lutely contra md d The drugs

however are secreted in the mulk  the patient should not therefore be allowed to
nurse her baby The danger that the function of the foetal thyroid may be
depressed by the drugs and that owing to their goutrogenic action the child may
be born with a goitre 15 not serious provided care 15 taken to avoid over dosage
with the production of hypothyrotdism tn the mother (Astwood 1951)

Treatment for patients orver 35 years of age

Thyroidectomy 1s indicated for most patients between 35 and 45 years of age
especially for those with definitely nodular goitres with large and unsightly goitres
with goitres causing pressure symptoms and with goitres which are retrosternal
or with retrosternal extenstons In the future radioactive 1odine may prove to be
the treatment of choice for the majonity of cases of thyrotoxicosis At present it
should be reserved for the tr:almcnl of panenls over 45 years of age or for those
who develop a recurrent tt fc g y There 1s a
considerable nisk of a second operation in such cases causmg hypoparathyroidism
or vocal cord paralysis

Though these are | to help the 1n his choice of treat
ment 1t 15 best not to adhere to ngid rules but rather to treat cach patient as an
individual problem  The type of therapy selected should take the widely varying
ndwvidual circumstances of each patient into account  Medecal treatment by
drugs has the advantages of their general availability their comparative safety and
the fact that mild cases can be treated as out patients without the necessity 1n
many cases of the patient stopping work Their mam disadvantages even in
suitable cases are the long perrod of treatment and observation required without
any certanty of a final permanent remission and the need for intelligent co opera
tion on the part of the patient duning treatment

Pre-operative use of antithyroid drugs

Opmion 1s Targely unanimous that these drugs have an important role to play
1 the preparation of thyrotoxic patients for operation  Iodide medication alone
seldom restores the metabolism of a severe case to normal It greatly improves
the symptoms and signs but does not hold them 1n complete check as 1s usually
the case when adequate treatment is gven wnh antithyroid drugs The pre
operative use of the latter has greatly the di of post op
thyrotoxic crises and has thus still further reduced operative mor!amy The thyroid
glands of patients treated in thyis way are rendered excessively vascular and thig
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causes techmcal difficulties for the surgeon at operaton The ideal pre
operative treatment 1s the use_of.both drugs  The patient 1s rendered euthyrotd
by antithyroid drug treatment 1ts administration 1s then stopped and 10dide grven
for the 10-14 days immediately preceding the operation with the result that the
gland becomes firmer and Jess vascular ~ Care should be taken not to make the
patient hypothyroid since a myxoedematous patient 1s not a good operative risk
(Cole and Fowler 1948) being peculiarly sensitive to morphine and anaesthetics

Production of therapeutic myxoedema

Jn the past myxoedema produced by total thyroidectomy has sometimes been
advocated for the treatment of intractable angina of cffort and heart fallure  The
rationale 1s to lessen the discrepancy between the inadequate circulation and the
oxygen demands of the patient Furthermore 1t 1s claimed that 1n the absence of
thyroxine the myocardium 1s less sensttive to sympathetic nervous sttmulation
The major operation of total thyroidectomy however carries with it a constderable
nisk 1n such patients and the induction of myxoedema by anuthyrord medication
would seem to be a preferable alternative It must be remembered that it takes
some 3 months to produce myxoedema by such methods since the euthyroid 1n
contradistinction to the hyperthyroid gland hasa large store of thyroxine contaming
colloid m 1ts follicles  This prevents the pattent from becommg myxoedematous
for 2 time even though no new thyroid hormone 15 bemng synthesized (Waitzkin
1951) Retreat 1n fact 1s always possible by stopping the administration of the
antithyroid drug but treatment with radioactive 1odine would appear to be a
better and quicker way of obtaiming the same result (Blumgart and Freedberg
1952) This therapeutic induction of myxoedema i heart disease has a very
limited application It occasionally prolongs life but only by exchanging one form
of musery for another which may not be quite so poignant

GOITRE AND MYXOEDEMA AS TOXIC
s SIDE EFFECTS OF OTHER DRUGS

PA

A number of drugs containing an amino benzene ring 1n their structure though
not used for their antithyroid effects are goitrogenic and when employed thera

peutically for other purposes may have the undesirable side effect of producing
goitre and hypothyroidism  The most important of these 1s para ammosalicylic
acid (PAS) Its use as an antituberculous remedy 1n heavy dosage and for long
pertods at a time not mfrequently results m thyrord hyperplasia with myxoede

matous symptoms and signs  Indeed Macgregor and Somner (1954) have reported
that of 83 tuberculous patients treated with 20 grammes daily of PAS for 5 months
or more 20 developed a goitre often with associated signs of hypothyrowdism

Although the goitrous and hypothyrod state induced by PAS 1s usually quickly
reversible when treatment 1s stopped 1t seems that occasionally irreversible and
perhaps permanent degenerative changes may be produced mn the thyroid by the
Tong continued use of this drug In practice 1f clinical hypothyroidism and a
goitre develop m a patient recetving PAS thyroxmne or thyroid extract should be
gnen and if PAS must stll be used continued concurrently  Alternatwvely

1somazid can be substituted for PAS  Iodide has no beneficial effect on the goitres
produced by PAS suggesting that the latter s gottrogeni¢ action sesembles that of
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the thiouraci! rather than the perchlorate group of drugs which s readily overcome
by the admimistration of 10dide

Resorcinol

Resorcinol may be absorbed through the skin or from ulcerated surfaces and st
has been known for years that a hyperplastic vascular goitre with myxoedema may
result from the prolonged app of to varicose ulcers
On withdrawing the drug the myxoedema subsides and thyrowd function returns
to normal (Bull and Fraser 1950) The goitrogenic ucucn of rcscrcmol 1s probably
that of other ph g p ds and 1 rather than
perchlorate

Thiocyanate

Thiocyanate which was used fairly extensively some years ago tn the treatment
of hypertenston occasionally produced goitre and hypothyroidism (Barker
Lindberg and Wald 1941) Its effect could be abohshed by giving 10dide  The
goitrogenc mechanism 1s similar to that of perchlorate though weaker and more
capricious

Sulphonanudes

Though sulphonamides 1n the expenimental animal have been shown to have a
gottrogenic action stmilar to that of throuracil this effect has rarely been observed
i man as such drugs are not used 1n large doses for more than a short period of
time  Radwactive 1odine studies have demonstrated slight depresston of thyrord
function 1n patients undergoing such treatment and 1t has been reported that a
myxoedematous diabetic patient receiving N butyl N sulphamlylurea (BZ 55) as

a £

an oral insulin sut required 1in tnerease in thyroid

dosage (Duncan Baird and Dunlop 1956)
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CHAPTER 3

THF AETIOLOGY AND TREATMENT OF FXOPHTHALMOS AND
FXOPHTHAI MIC OPHTHAI MOPLEGIA

1 C Giutnanp

IN A discussion of the many probl Ived in } hihal )
Brain (1952) remarhed that there was an exception to any statement that could be
made  This remains true and makes it untrkely that any simple explanation can
be found to fit alt the facts known 2t present about this condition and the other
eve signs which accompany Graves disease  Nevertheless there has been con
siderable progress towards a solution of the problem, and it 1w worth while re
examimng the theories of causation wn the hight of recent work

THE CLINICAL PROBLEM

Broadly speaking Graves disease has at least two major components—an over
active thyrowd gland and eye signs  Both features are usnally present i which
case there 1s Iintle dmgnosuc dlmcuhy When eve features predomunate Means
{1945} has d the name by hic Graves disease  There
are exceptional cases m which the eye features appear to be present alone and for
these the term  evophthaimic ophthaimoplegta  (Bran and Turnbuli 1938)
seems most suitable  In fact there 15 every grade of variation between these con
diions  Most physicians take the view that they are basically the same and that
the eve signs have a it whether th 15 present OF not

Eye signs

The eye signs of Graves disease have 1n the past been graced with many epony
mous descriptions  but simphficatton has now led to thew classification wnto four
mamn categonies (Fig 1)

Lid lac ~By this 15 meant an apparent increase in tone especudlly of the
levator palpebrae supersons and 1t gives nise 1o the  staring  appearance and
jerky or  spastic  movements of the upper eyelid when the eye follows the
examimng finger up and down It s the commonest eye sign but one which may
be present 1n a nervous person and so 1s of hmited diagnostic importance in Graves
disease  Caution should be apphied to the clamm that thes eye sign can be produced
by feeding thyrowine to 3 normal person 3t 15 not usually a feature of thyrowd
addiction it differs from the other eye signs of Graves disease in that treatment
of the thyrotoxic aspect usually removes 1t the tenseness relaxes and the hd
lag wmproves This mav smprove the appearance of the patient and give nse
1o the false smpression that the other eye signs are progressing favourably (Dobyns
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Exophthalmos —This 1s the forward protrusion and proptosis of the eyeball
which 1s almost 1nvanably asymmetrical at first and may at this stage appear to
be unilateral  Sooner or later however both eyes are usually mvolved

Oplithalimopliegia —This 1s due to weakness of the external muscles which move
the globe and the degree usually parallels the degree of forward protrusion of the
eye though this 1s not always the case These features are not necessanly
assoctated and cases are encountered with gross protrusion still capable of move

FiG 1 —The eye signs of Graves disease note hid retraction especially onnight
side on night side hthat k causing evident
strabismus on upward movement and oedema begmning at inner canthus

ment of the eyeball 1n all directions  there are also cases with almost fived eyeballs
which hardly appear to protrude As the muscle weakness 1s also asymmetrical
there 15 hkely to be difficulty m keeping the eyes 1n the same axis on movement
It 15 this muscular weakness which when severe leads to diplopra  The muscles
subserving upward and outward movement are usually those most affected and
hence drplopia 1s most often noticed 1n those dtrections
Oedema —This 1s commonly assoctated wath subgective symptoms of irnitatron

pamn and lachrymation and objective signs of worserung of the exophthalmos

1t can be an ominous eye sign A watery swelling of the scleral conjunctiva with
a suffused of 1ts vessels 1n one or other canthus There
may be considerable oedema of both lids The oedema of the conjunctiva may
spread and tend to evert the lower Iid 1nterfering with normal tear duct dramage
and increasing lachrymation  The presence of oedema should be taken seriously
because 1t may herald an alteration n the character of the eye features  They may
become a threat to sight and even to ife the term mahlgnant should be res

tricted to this type of hthals The di which 1s I;

P accepted
between essential and malignant hypertension affords a good parallel  Malignant
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exophthalmos 1s an uncommon event compared with the more ordinary forms
and hike malignant hypertension 1t may start without warning and pursue a quickly
adverse course or the eye signs of a long-continued Graves disease may suddenly
enter a malignant phase

PATHOLOGY
Many of the eye signs 1n particular the exophthalmos result from overfilling of
the ngid orhital cavity  E; of the orbital can only lead to pro

trusion forwards as this 1s the only directron in which mosvement can occur (Rundle
and Wilson 1944} For mechanical reasons this protrusion 1s most readily observed
1n the lateral portion of the upper Iid above the medial canthus and as a lumpy
bulging in the lateral portion of the lower hd

Increased bulk in retro-orbital tissues

The nature of the substance causing the increase 1n bulk of the retro orbital
tissues 15 not yet completely decided 1t possibly varies with the stage and duration
of the eye condition  Necropsy studies (Rundle and Pochin 1951) 1n 17 cases
many of which were of long standing and none of which had  malignant
exophthalmos showed that the increase 1n bulk in the orbital cavity m these cases
was mamly due to increased fat 1n the orbital fibro fatty tissues  also the average
fat content of the eye muscles was doubled

QOedema of the connective tissues

On the other hand Naffaiger (1954) 15 emphatic that the changes whxch he
observed duning d p mn the malig phase of
were those of oedema and 1n an earler phase biopsy specimens (Smelser 1937)
also showed ocdema of the connective tissue these too involved the fat and
muscles  Along with this oedema there was an mfiltration of  wandening  cells
some of which were 1n aggregates resembling germunal centres  The oedematous
infiltrate was particularly noticeable 1 some muscles and not umform even m
the muscles of one orbn The suggesuon has recently been made lhat there 1s an
wncrease of handes particularly responding to m the
ncreased orbital conlems (Ludwig Boas and Soffer 1950 Asboe Hansen and
Iversen 1951)  An increase of this material which attracts water could possibly
explain the cedema

Clearly the changes S0 rar observed are disappointingly non specific being those
ofa lized chronic n which oedema predominates in the acute

or malignant phase whilst fatty infiltration and scarning 1s the subsequent and final
outcome

AETIOLOGY
Exophthalmos and antersor pituitary extracts
Obviously a condition which 1s 50 vanable 1n 1ts eimeal and so unspecific i 1ts
pathological mamifestations will be the subject of much speculation Earler
theories of overactivity of the cervical sympathetic nerves causing the contraction
of the smooth muscle of Muller (Code and Essex 1935) and of relaxation of the
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extra ocular muscles are no longer held  Present views centre arcund the anterior
pituitary hormones and have their origin in the work of Manine and Rosen (1934)
who found that anterior prtutary extracts could cause exophthalmos and goitre tn
rabbits and that the exophthalmos occurred more readily in the absence of the
thyroid gland ~ Smelser (1937) repeated their observations on gumnea pigs and drew
attention to the histological similanty of the retrobulbar tissues m the amimal
rendered exophthalmic with anterior pituitary extracts and i clmical Grases
disease 1n man  Many other observers have confirmed this experrmental finding
(Paulson 1937 Auird 1941 and Dobyns 1946) so thatt 1sndisputable that such _
anterior prtuttary extracts can cause exophthalmos n animals

Thyroid stmulating hormone

The convement use of the term thyroid sumulating hormone (T S H) to mean
an anterior pituntary extract richatleastinthissub hasled to much confi

It 1s unlikely that the anterior prtustary extracts used in the above experiments
contamed only one trophic factor and 1t 1s also unhikely that they were 1n a pure
state  The experimental data therefore only show that a substance causing
exophthalmos in ammals can be produced from such anterior pitwitary extracts
which are rich m thyroid stimulating hormone It cannot be concluded that TS H
atself 15 the cause of the exophthalmos for 1t 1s possible that denatured or altered
TSH orsome totally different sub d by the same dure may
be responsible Dobyns (1946) observed that highly punfied anterior pitwitary
extracts had very hitle effect tn producing exophthalmos 1n animals but Jefferies
(1949) by iodinating anterior pituitary extracts mnactivated the principle producmg
thyroid stimulation but left intact a factor with some abihity to produce exophthal
mos Later Dobyns and Steelman (1953) were able by repeated extraction to
produce two anterior pituitary restdues the one which stimulated the thyrotd
without producing exophthalmos they called TS H  the other which produced
exophthalmos with a mimimal stimulation of the thyroid they called exophthalmtc
producing substance or EPS  Further mnvestigation of the nature of the exoph
thalmos producing substance by Smelser and Ozamics (1954) n chicks showed that
the ability of a prtwtary extract to produce exophthalmos was not necessarily
proportional to its ability to induce thyroid hyperplasta They confirmed that
EPS although ob 1y closely d was not 1d lwithTSH

Measurement of TSH and EP S

The above expenimental data in amimals has been associated with attempts to
measure TS H and recently EPS 1 clinical thyroid diseases  Present methods
of measuring these substances m blood or urine are necessanly difficult biologtcal
techniques and subject to the wide errors of such methods  they differ from one
another 1 so many respects that the data are not readily comparable However
Gilliand and Strudwick (1956) have confirmed that a high level of T S H can occur
n cretms or patients with induced myxoedema who do not have eye signs The
corollary of severe eye signs without hugh levels of TS H has also been reported
Such findings support the earher contention (de Robertis 1948 Purves and
Griesbach 1949) that TS H 1s not the cause of exophthalmos In fact both
clinical and ammal studies show that some factor other than T § H must beinvolved
Dobyns and Wilson (1954) reported their attempts to assay EPS by theiringenious
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Atlantic Minnow techmque and therr 1 y data appeared to show that
EPS may late in However the delay in response 1n
amimals given test serum compared with the control amimals given EP S control
serum raises the question as to whether 1t 1s indeed the same substance which 1s
being measured

Summary

It may be said that the eye signs of Graves disease are at present beheved to be
caused by a pituitary factor conveniently referred to as EPS  but which 1s not
wdentical with TS H though probably closely related to it Chemucal analysis of
the two substances dersved by Dobyns from pitustary extracts would help greatly
toelucidate this problem It seems difficult to concede that E P § can be a naturally
occurnng hormone but more lkely that 1t 1s a degradation product produced
n wiro by certain extraction procedures and in the antertor ptuttary when 1t 1s
deranged It could then be p lated that very fly a primary disorder of
the pituitary leads to the production of EP S and so to the condition of  exoph
thalmic ophthalmoplegia  On the other hand 1n Graves disease more commonly
both TSH and EP S are produced 1n varying 1f such a supr 15
correct the sudden removal of an overactive thyroid by surgical or medical means
could lead to a sudden increase n activity of the pitwitary and a greater risk of
abnormal EP S seeretion  Ths 1s precisely the snuauon 1n which there would be

the greatest risk of a mal phase of exop arising
TREATMENT
Treatment of the bl d case 1s ack dged to be extraordinanly difficult

and 1t 15 accepted that the longer the eye stgns have been present the less successful
1s 1t likely to be However even in long standing and active cases cosmetic
surgery has much to offer 1n ¢losing the palpebral gap or correcting alignments of
the axes of the eyes

Thyroxsne

In the hight of our only partial knowledge of the aetiology the prime aim of
treatment at present must be preventive Whether the thyrotoxic aspect of Graves
disease is to be treated medically or surgtcally the objective 1s to prevent the abrupt
alteration tn prtuitary state which thus may entail by the simultancous maintenance
administration of thyroid hormones (Fraser and Wilkinson 1953) Ithaslongbeen
known that the simultaneous admmstration of exogenous thyroxine will prevent
goitre formation during the admirustration of antithyroid drugs (Astwood et af

1943 Purves 1943) Dobyns (1945) showed that thyroidectomy leads to an increase
in the prominence of the eyes in some cases and Dobyns and Hames (1946)
ndicated that theirr worseming with the onset of myxoedema could be reversed at
least partly by desiccated thyroid  Fraser and Walkinson (1953) administered 0 3
milligram of thyroxtne daily along with antithyroid drugs n the medical treat
ment of Graves disease Where eye signs were already severe 06 mulligram
daily was admimistered  In none of 32 cases were the eye signs made significantly
worse In fact the results of this b t were as 'y n
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controlhing the thyrotoxic component of their Graves disease as in any other
published series and the series 1s large enough to show that this combined method
prevents the worsening of the signs

Cortisone

The oed inflamed app of the eyes 1n some cases has been reported
to be smproved by corusone although the results 1n a planned Medical Research
Councif (1955) trial have been disappormting

Radiotherapy

rradiation of the ormital cavity 1s considered 1o help selected cases with acute
oedematous sweling (Jones 1951) Based on this work a comvenment method 15
one designed to deliver 400-600 roentgen to the retro orbital tissues fractionated
mto 4 weekly treatments Each orbit has two fields of 6 X 4 centimetres one
anteriorly and the other laterally The lens 1s protected by a lead disc set mn a
perspex ng which fits over the anterior aspect of the eye  Successful attempts to
irradiate the pituttary itself have been reported although it 1s known that the gland
1s peculiarly resistant to radiation It may be that during this procedure the orbital
cavities receive a sufficiently adequate irradiation dose to account for the reported
successes

Hyaluromdase

A recent development has been the introduction of hyaluromdase into the sub
conjunctival space (Laurent and Scopes 1955) This would be ratonal if the main
substance causing the ncrease of bulk were hyaluronic acid

Use of the eye signs as guides o treatment

It must be emphastzed that whatever treatment 1s employed regular watch must
be kept on the progress of the eye signs though exact means of domg this_ by the
Hertel exophthalmometer to measure protrusion or by orbitonometer (Copper
1948) to orbital y are not suffi ly refined to justify
routine use Moreover the orbitonometer 1s not free from danger 1n compressing
an orbit already at risk from corneal ulceration A useful indication of progress
(Gillland 1954) can be obtained by using a field of vision chart charting the range
of movement of the ocular muscles and marking the distance to which the individual
eye can move Regular checks of visual acwity are also essential as sudden
detenioration of vision can be a most urgent sign of impending disaster

Surgical treatment

Should detertoration occur 11 spite of all available measures recourse must be
had to surgical orbital decompression before the sight 1s lost  Naffziger (1954)
who has had a Iifelong nterest and wide experience recommends a large operational
procedure  Most surgeons still use this method although Rowbotham and
Clarke (1956) suggest that a lesser procedure gives adequate results In the end
senous threats to sight may have to be countered by liberating the eycballs from
their strangulating tension
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RTFERFNCES
Spontancous regression

1t s of some consolation to remember that the natural hustory of this disease 1s
such that it may regress spontancously at any stage and that very few cases require

actual decompression whilst many improve whateser form of treatment has been
adopted
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CHAPTER 4
TESTS OF THYROID FUNCTION

A G MacGrecor and E T Wayne

INTRODUCTION

THE DIAGNOSIS of thyrotoxicosts can usually be made on the hustory and physical
examnation alone but some patients do not present the classical features of the
disease and the true nature of their complaint may be overlooked This 1s likely
to occur when there 15 no obvious enlargement of the thyroid gland and when eye
signs are absent  The patients who present the greatest difficulty are those with a
simple goitre or who after thyroidectomy have non specific features such as
nervousness and tachycardia A survey by one of the authors (Wayne 1954)
led to the 1 that d 1c d based on symp and signs alone
were relatively accurate 1n the male but often unreliable 1n the female and later
expertence has confirmed this view Dragnosts based on chinical features may be
extremely difficult 1n older patients with aunicular fibrillation

Frank myxoedema once suspected 1s usually more easily confirmed on climcal
grounds alone but lesser degrees of hypothyroidism as seen in hypoprturtarism
and 1n treated hyperthyroidism may be difficult to recogmze Most chintcians
would admut that confirmation of their chinical opimion 1s welcome 1n both hyper
thyroid and hypothyroid states Objective tests of thyrord function usually play
an essential part in the final diagnosis and are also of help 1n assessing the results
of treatment

The available tests measure different aspects of thyroid function and will be dis
cussed separately and subsequently an attempt will be made to assess their relative
value

THE BASAL METABOLIC RATE

of the basal t rate 1s still the standard laboratory nvestigation

used by most chinictans when they wish to confirm a diagnosts of hyperthyroidism

It has the ad of being comparatively easy to carry

out and glves some 1dea of the dcgree of sevenity of the disease It 1s a measure
of d or decreased

High metabolism
A raised BM R 1s found mna variety of other conditions which mclude (I)
diseases of the blood such as leuk and p 2,

dlseases for example heart fzulure and art:novcnous aneurysm  (3) o(her endo
cnn galy Cushing s syndrome

and hyperpara(hymxdxsm (4) drug mgesuon especmlly of thyroid extract and of
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THE BASAL METABOLIC RATL

drugs with an amphetarmine like action  (5) psychoses and neuroses with agitation

and organtc nervous disease withinvoluntary movements such as paralysis agitans

(6) fever and preg A more plete list with ref 15 given by Bauer
(1956) In prachcc the presence of one of these conditions giving nise to hyper

metabolism 15 usually obvious and B M R estimations are not carned out

Normal metabohsm

A thyrotoxic patient may have a BM R which hes within the statstically
acceptable normal range Skanse (1949) referred to numerous studies reporting
the occurrence of normal B M R 1n 10-40 per cent of cases of hyperthyroidism
and 1n our series 3§ per cent had rates lying below + 20 per cent (Goodwin et al
1951}  Further experience however has led to a modification of our views on lhe
degree of mnaccuracy of BMR If the technique and
advocated by Robertson and Reid (1952) are adopted much more consistent and
reliable readings are obtained  Duplicate readings are now carried out on at Jeast
two consecutive days and with the pauent in hospital overmight and after the
admintstration of full doscs of bumbarbnone Using this method a better ¢hinical
correlation 1s ob hough method has been described
by Fraser and Nordin (1955) It probably gines even more reliable results but
mvolves a heavier degree of sedation

Low metabolism

Alow BM R may be due to secondary hypothyroidism from hypopituntarism
and a diagnosis of myxoedema should never be made on this test alone asaBM R
below —25 per cent (du Bois) occurs 1n simple obesity anorexia nervosa
eunuchordism and amenorrhoea (Barron 1956)

In practice much help can be d from BMR but
when technique or standards are imperfect results can be most misleading

SERUM PROTEIN BOUND IODINE

The estimation of the amount of circulating 10dme (**7) bound to protemn 1s
generally regatded as an index of the amount of circulating thyroid hormone
Several groups of workers 1n the United States of Amenca have produced evidence
that levels outside the normal range are the most reliable laboratory evidence of
abnormal thyroid function  The subject 1s well reviewed by Rapport and Curtis
(1950) Starr ef a/ (1950) think that the determination of the serum protein bound
1odme 1s a reliable routine diagnostic measure and that 1t 1s of particular value 1n
mild myxoedema and 1 10die deficiency The normal range 15 from 3 5t0 70
micrograms per 100 milllitres (Fraser 1956) The level 1s raised in severe thyro
toxicosis but in mld cases may be within the normal range It 1s also raised after
the adminsstration of both 1norganic and orgamic rodine compounds

Other observers however have found the test less satisfactory In Great Britain
De Mowbray and Tickner (1952) stated that the estimatton was 1nadequate 1n
iself as a test of thyroid function and Bauwer (1956) made the comment that

most clinics are not able to solve the problem of contamunation and have
abandoned this procedure as a routine test of thyroid function
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TESTS OF THYROID FUNCTION

The wrnters have both encountered serious technscal difficulties with three
different methods

RADIOACTIVE 10DINE

The tests already discussed measure one aspect of thyroid function the protein
bound 10dine in the serum bemng an expression of the amount of circulating hormone
derived from the gland and the BM R measuring the effect of the hormone on
the oxygen consumption of the peripheral tissues

Measuring 10dine metabolism

Radioactive 10dine makes 1t possible to measure the dynamic aspects of 1odine
metabolism  The 1sotope 1s used to Iabel the 1odide pool i the body and its
subsequent distribution can be followed The thyroid gland collects 1odide from
the circulation most of the balance being excreted by the kidney The 10dide 15
then incorporated 1nto the molecule of thyroxine which 1s released back nto the
arculation  These various steps can be measured with one of the 1sotopes of
1odine that commonly used being 111 although *3 I has useful apphcations as well

Physical qualities

1] has many of the 1deal physical qualities for such mvestigations  1ts rate of
decay 15 convenient 1ts half ife being 8 days  Thus 1s not so short as to make
undue haste necessary 1 1ts use nor so long that excessive radiation 1s delvered
to the tissues  The energy released by 1ts decay has characteristics which make 1t
easy to detect and relatively safe to use Furthermore the 1sotope can now be
easily and cheaply obtamed i what 1s virtually a state free from radioactive 1odide
so that no pharmacologcal effect of 1odine 1s produced

Instruments and equipment requred

Electronic equipment 1s necessary for the performance of radioactive todine tests
and the type used will depend on the scope of the investigations Urnine samples can
be conventently counted by a Geiger Muller iquid counter for ease of working 1t s
sufficient to count urine samples made up to a known volume m Winchester bottles
the whole urine sample 1n the bottle being placed withn a ning of counters (Veall and
Vetter 1952) Blood samples are best analysed 1n a well or annular type of scintilfation
counter

In vvo counting techmques
In wno counting techniques depend for thesr accuracy on a number of factors
Allowance has to be made for varying gland size and counts due to backscatter and
d rad| must be d Freedberg ef al (1950) devised a simple
and accurate techmgque which 1avolves the examynation of the patent within a ring of
four scmtilfation counters placed equidistant 1 a circle with a radius of about 40
centimetres from the nech of the patient  Alternatively counts may be recorded at a
distance of 20-30 centimetres from the neck by a single scintillation or Gesger counter
with suitable shielding arrangements so that true thyroid counts are obtained

Dosage
The dose of radto-10dine to be employed 1s of importance Measurements on unne
samples alone need no more than § microcuries accurate gland measurements about 10
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TYPES OF TEST

microcuries or more and blood studies even with sensitive equipment 25 mucrocurie
doses  Even with quite large tracer doses the radiation dose to which the whole body 1s
subjected 1s under one rad although a 10-microcurie dose delivers approximately 15
rads to the thyroid gland  There are of course wide vanations 1n such gland doses
which depend on the level of thyroid uptake and the rate of elimination of the 1sotope
from the gland

Types of test
Thyrowd uptake tests

When the thyroid gland 1s 1n a steady state the rate at which 1t secretes 10dine
bound to h mto the i} should be eq lent to the rate at which
1odide 15 concentrated by the gland

Measurements of gland uptake are a commonly accepted parameter of gland
function and theoretically the maximum uptake achieved should be recorded
The time at which this occurs however obviously varies To avoud a long series
of measurements an arbitrary time 1s chosen which ts not so late that appreciable
discharge from the peak level has occurred nor so early that there has been little
thyroid accumulation with extrathyroidal tissue concentrations high

Uptakes after 24 hours were at first a popular index and widely used as screening
tests of thyroid function  Itis not easy howerer to compare values from different
groups of workers and the American ranges for normal uptakes (Werner 1955
McConahey et al 1956) are lower than those reported by Brtish observers
(Goodwin er ! 1951 Fryers 1956) This 1s probably related to the varying
stable 10dine intakes 1n the different countries  Values over 55 per cent of the
admimistered dose are in the United States of Amenca accepted as almost
diagnostic of an overactive gland yet such figures are found 1n a lgh proportion
of normal individuals 1n Great Batain  In both countries values below 20 per
cent indicate hypothyroidism

Measurements of gland uptake dunng the uptake phase of 10dine concentration
are of more value and correlate well with the ultimate peak level attained  Thus has
mfluenced the development of several tests  Miller et af (1951) showed that
uptake measurements at any time between 3 and 7 hours were useful 1n differen
tiating normal from hyperthyroid gland function  Ansell er af (1953) found that
4-hour uptakes below 40 per cent were seldom encountered 1n hyperthyroidism
although higher uptakes occasionally occurred 1n euthyroid ndividuals while
Beck et al (1956) concluded that 4 hours was the most useful time period
McConahey er al (1956) favoured 6 hours and felt that uptakes at that time
represented the most simple rapidly performed test which was most smtable for
routme testing  In their expenience uptakes over 30 per cent at 6 hours indicated
hyperthyrowdism though some patients with toxic nodular goutre had lover values
In general measurements of uptake made 4 or 6 hours after the test dose will be
most conventent both for patients and observers

The value of 11 tests of thyroid function has been enhanced by the observation

made by several groups that the ad of 1tr y 1n a dose
of 100 micrograms daily for a week inhibits gland uptake 1n euthyroid individuals
but not in those with exophthalmic goitre Two tracer tests are performed one
before and one after the penod of admmnsstration of 1 trnodothyronine By this

means it 15 possible to obtain more precise diagnostic assistance
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TESTS OF THYROID FUNCTION

The wnters have both encountered serious techmcal difficulties wath three
different methods

RADIOACTIVE IODINE

The tests already discussed measure one aspect of thyroid function the protein
bound 10dine 1n the serum being an expression of the amount of circulating hormone
denved from the gland and the BM R measuring the effect of the hormone on
the oxygen consumption of the pertpheral tissues

Measuring 1odine metabolism

Radroactive 10dine makes 1t possible to measure the dynamue aspects of 1odine
metabolism  The 1sotope 1s used to label the 1odide pool 1n the body and its
subsequent distribution can be followed The thyrowd gland collects 1odide from
the circulation most of the balance being excreted by the kidney The 10dide 15
then incorporated 1nto the molecule of thyroxine which 1s released back into the
circulation  These vartous steps can be measured with one of the 1sotopes of
10dine that commonly used being 1 although ' I has useful applicattons as well

Physical qualities

4] has many of the 1deal physical qualities for such mvestigations 1ts rate of
decay 1s convenent 1ts half hfe being & days  This 1s not so short as to make
undue haste necessary 1n its use nor so long that excessive radsation 1s delivered
to the tisstes  The energy released by s decay has characteristics which make 1t
easy to detect and relatnely safe to use Furthermore the 1sotope can now be
easily and cheaply obtamed 1 what s virtually a state free from radioactive 10dide
50 that no pharmacological effect of 10dine 1s produced

Instruments and equipment required

Electronic equipment 1s necessary for the performance of radioactive 1odine tests
and the type used will depend on the scope of the mvestigations  Urine samples can
be conventently counted by a Geiger Muller liquid counter for ease of working 1t1s
sufficient to count urine samples made up to a known volume 1n Winchester bottles
the whole urine sample 1 the bottle being placed within a ning of counters (Veall and
Vetter 1952) Blood samples are best analysed in a well or annular type of scintillation
counter

In vivo counting techmques
In wno countng techniques depend for thewr accuracy on a number of factors
Allowance has to be made for varying gland size and counts due to backscatter and
y y must be el d berg et al (1950) devised a simple
and accurate technique which 1avolves the examination of the patient within a ning of
four semtillation counters placed equidistant 1n a circle with a radius of about 40
centimetres from the neck of the pattent  Alternatively counts may be recorded at a
distance of 20-30 centimetres from the neck by a single scmntillation or Geiger counter
with suitable shiclding arrangements so that true thyroid counts are obtained

Dosage
‘The dose of radto-10dine to be employed 1s of 1y on unne
samples alone need no more than 5 microcurtes accurate gland measurements about 10
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tme  This technique tnvolves one or two absolute dard|
tion of the dose 1n terms of its counting rate 1n air at a known distance from the counter
(for cahbration of the thyroid counts) and separately for calibration of the plasma
concentration  Normally the thyroid clearance rate 1s of the order of 0 5-3 5 Iitres per
hour and over $litres per hour n hyperthyroidism

The thyroid clearance after one hour has been measured using an intravenous
techmque by Berson ef al (1952) Coenegracht and Fraser (1955) found a good
correlation between the results of this test and the T index derived from divided
urine collections It can replace the latter and give a valid answer 1n a short space
of tume

The nconveniences of direct measurement of thyroid clearance are avoided by
the use of the neck thigh ratio (Pochin 1950) This ratio essentially a clearance
measurement depends upon the level of uptake after two hours related to the
counting rate over the thigh the latter being a measure of the concentration of
radio 10dine 1n the body which has not been collected by the thyroid  The ratio
does not require knowledge of the exact dose gnen and no blood or urine samples
need be taken  The values obtained are dependent upon the exact counter arrange
ments geometry and shielding used inany pnmcular umit 10 Pochm s expenience

and under his di the ratio only ded 7 1n patients wathout
thyroid disease values may be over 40 1n hypcnhymldxsm
This index 1s of value as a rapid test There derable ad

however 1n expressing results in terms of percentage of dose admimstered whcn
this 1s done parallel measurements can be performed on other parameters such as
uptake excretion or protetn bound plasma radioactivity

Measurements of radioactne thyroid hormone

In a thyrotoxic indwvidual the discharge of radioactive 10dine from the gland
starts within a few hours but it 1s longer delayed and of lesser degree 1n a euthyroid
person  Determination of the protein bound plasma radioactivity (PB'31) has
been shown to be of great value as a diagnostic index erther when expressed as a
percentage of the total plasma radioactivity (the conversion ratio) or as an absolute
amount i terms of percentage of the admunistered dose per htre of plasma In
thyrotoxic persons the conversion ratio 1s usually over 35 per cent and always over
50 per cent when measured at 24 hours whereas in normal individuals 1t seldom
exceeds 35 per cent and 1s usually under 15 per cent (Clark 1955) In the assess
ment of hypothyroidism the measurement 1s of no value

Determination of the 48 hour PB**!] has been shown by Goodwin et af (1951}
to be one of the best smgle tests in the ditagnosts of hyperthyroidism and Wayne
(1954) showed that of 343 cases of hyperthyroidism only 4 per cent showed levels
below 04 per cent of the dose per litre of plasma  Hughes and Miller (1956)
found that total plasma activity levels were a  useful and relable test of thyroid
function and stated that a value of 0 4 per cent or less was an almost certain
mdication of normal thyroid function Paley ef al (1955) consldered that the
48 hour PB' was of value m thyr patient

ma
but that 1f the patient had been treated clearance tes!s were less likely to be s
leading
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TESTS OF THYROID FUNCTION

Urine excretion tests

An indirect measurement of gland uptake 15 provided by the renal excretion of
radioactive jodine  The renal clearance rate for 1odide 1s similar both for normal
and for thyrotoxic individuals and the proportion of 2 given dose excreted 1s
tnversely related to the amount taken up by the gland Normal thyroid function
1s usually associated with an excretion of over 35 per cent of the dose after 24 hours
but the test 1s msufficiently discrimmating to be of much value

Keating et al (1947) onginally showed that uninary assay over selected time
mtervals was a great de1l more valuable

This principle has been developed and 1s now widely employed following the tech
nique of Fraser ef a/ (1953) Urine collection 1s subdivided 1nto the pertods 0-8 hours
8-24 hours and 24-48 hours  Such a subdiviston permits of the calculation of the
index T from the formula —

(0-8 hour excretion_per cent of dose x 100}

m (0—48 hour excretion per cent of dose)
Thus ndex and two others also described can be used to cross check on the results
for accuracy of urmne collection and for the presence of renal disease The normal
range of 0-48 hour urine excretion 1s from 35 to 70 per cent with the T mdex rangmg
from 3 to 13 In hyperthyroidism the 8-24 hour fraction 15 usually under 6 per cent
the total excretion under 30 per cent and the T index over 17 The total excretion 1n
hypothyroidism may be from 55-95 per cent and overlap with the normal range but
the T index 1s always helpful and falls below the normal range

In many centres 1t 1s felt that the potential inaccuracy of urmne collection and the
occasional difficulty of terpretation of results because of concomitant renal or
cardiac disease renders urinary tests of thyro:d function unreltable However
there 1s no doubt that 1n the hands of intelligent patients and co operative nursing
staf useful information can be obtained with mimimal mnconventence  The mntrinsic
accuracy of measurements of the urinary concentration of radio rodme as con
trasted with the potential inaccuracy of any estimations of the radio 1odine content
of the gland 1s such as to render urine excretion tests of value i the majonty of
cases Like esnmations of blood or plasma radioactivity they make 1t possible
for a patient s thyroid activity to be tested without any contact with counting
apparatus and tect 1 personnel an ad ge of some importance when large
numbers of patients have to be handled

Thyroid wdide clearance rates
Myant and Pochin (1949) and Keaung ef af (1949) at the Mayo Clinic first
proposed that a direct measure of thyroid activity could be obtained by testing the
thyrod clearance rate for 1odide It 1s certainly an index of thyroid 1odide utiliza
tion but as Riggs (1952) pointed out 1t 15 even less specific than uptake measure
ment as an index of hormone secretion  This 1s because thyroid rodide clearance
15 determined 1n part by renal clearance of 1odide as well as by the factors which
mfluence uptake For many purposes however 1t 1s of value
Sertal measurements of gland uptake are made about one hour after an oral dosc of
radio-1odine possibly earlier After an intravenous dose and the rate of thyrord uptake
estimated and related to the observed concentration of plasma radio 1odine at that
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FALLACIQUS RESULTS IN RADIO IODINE TESTS

Concurrent or past admimstration of drugs

The most serious errors are due to the use of drugs or previous operative or
1sotope treatment  Todide 1n the form of cough muxture or jodine as Lugols
solution may depress thyroid uptake for some weeks in euthyroid persons and for
a much shorter period 1n thyrotoxic individuals A quahtative test for uninary
1odide such as that descnibed by Fraser e al (1953) should be performed if abnor
mally low uptakes are noted The radiologtcal contrast media used for cholecysto
graphy pyel phy b h h hy and so on contain 1odine and
can depress thyrosd uptake for varying penods up to months or even years
(Foote et al  1952) Inquiry should always be made regarding the possibility of
such ivestigations having been performed

Thyrod extract and thyroxine inhibit endogenous thyrotrophic hormone produc
tion and so diminish thyroid gland activity Y However 1t1s possible to tell whether
potentially active thyrord tissue 1s present or not by making uptake measurements
before and after the injection of thyrotrophic hormone (T S H) Details are given
later Antithyroid drugs prevent rodide binding by the thyroid gland  the radio
10dine 1s not retamed 1n the gland and therefore tests durng drug admimistration
may show a falsely depressed uptake On withdrawal of the drug and particularly
1f 1t has been adrumstered for a Jong time an induced deficiency has been caused
and the gland may show a high uptake which 15 a reflexion of 10dine deficiency
This 1s stmilar to that 1n 1odine deficient goitre (Stanbury et al  1954)

Todine deficiency

Todine deficiency accounts for the great vanation mn accepted normal ranges for
thyroid gland uptake in different regtons of the world Dufferences are due to
vaniations n local dietary intake even when the latter may not be regarded as
beng pathologically low It has been shown that the abnormally high uptake of
drug induced 10dine deficiency can be restored to normal by pretreating the patient
with 10dide before testing the high uptake of hyperthyroidism 1s not affected by
this procedure (Fraser 1956) Alternatively thyrod extract or thyroxine may be
used m full doses for thrs purpose  High uptakes due to 10dine deficiency will be
suppressed and will fall within the normal range but if they are the result of the
thyrotoxic state they will remain unchanged (Werner ef al 1952 Greer and
Smith 1954) The simultaneous performance of a test measuring PB'I may
avoid a false assumption of hyperthyroidism as the rate of appearance of radio
active hormone 1n the plasma 1s often unaltered and the PB'! or the converston
rate remaimn normal This type of falsely ugh uptake may result from the use of
drugs not usually recognized as having an antithyrord effect para aminosalicylic
acid given to tuberculous patients (Macgregor and Somner 1954) or resorcinol
applied to the skin (Bulf and Fraser 1951) are examples

After previous thyroidectomy after radioactive todme therapy and in some
patents with lymphadenoid goitre 2 normal or subnormal thyroid gland uptake
of radioactive jodine may be associated with a high level of PB®Y  This reflects
a rapid discharge of the 1sotope from the gland because of a high turnover rate and
occurs when relatively small numbers of residual follicles are functioning
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TESTS OF THYROID FUNCTION
Muluple tests of thyroid function

The best single tests for the detection of hyperthyrordism are the 48 hour
protem bound plasma radioactivity the neck-thigh ratio the 4 hour gland uptake
and the urine excretion in the 8-24 hour period  On the other hand hypo
thyrotdismt 15 best detected by the 48 hour gland uptake or full 48 hour excretion
test with the calculation of the T index and K

Although a single test may be suffi for d: d accuracy and
reliability can be obtamed 1if two tests such as the measures of gland uptake of
radio 10dine and of protemn bound plasma radioactive 10dine are used Ansell
et al (1953) d rated that the t 1on of 4 hour uptakes and 48 hour
PB'3I was superior to other indices In a series of subjects both normal and
frankly thyrotoxic ‘Wayne (1954) showed that when the tests were 1 agreement
this combnation had an error of about I per cent In a further sertes of cases all
of which had presented some diagnostic difficulty Crooks er a/ (1957) placed this
figure at 3 percent In this study the upper imut of normal gland uptake at 4 hours
was taken as 45 per cent and of PB®3! at 48 hours as 0 4 per cent per litre Werner
(1955) also preferred a combination of tests but used the 24 hour gland uptake
readings and the PB'1] 72 hours after the dose had been given A complete and
divided urine collection may also be combined with a PB'I measurement a
routine 1n which the patient does not need to be brought into contact with counting
equipment

In 1n patient practice a comprehensive study can conveniently mclude urne
collection 4 hour and 48 hour uptake readings and 48 hour PB'*I OQut patients
1f intelligent should have 2 urne collection and 48 hour PB®1 or if convenient a
4 hour or 48 hour gland uptake measurement If urine collectton 1s undestrable
a quick and reliable diagnosts can be made erther from a neck thigh ratio reading
alone or from the combmnation of a 4 hour uptake and a 48 hour PB¥1

F results 1 rad dene tests

These may be due (1) to techmcal imperfections 1n the measurements (2) to
disturbances of radio 10thne metabolism ansing from disease other than thyroid
disease or (3) to the concurrent or past administration of drugs

Techmical errors

Technical errors are chrefly ed n with of
gland 1odine uptake The geometry of the recordmg system must exclude all
possibility of abnormally tugh counts from secondary backscatter radiation  Body
background must be excluded by surtable shielding procedures or preferably and
more eastly allowed for by making a separate count over the thyroid region with
a lead shield occluding the thyroid area atself It 1s essential that care be taken
to avord any contammation of equipment or glassware  Complete unne collections
must be ensured and checked by the divided collection technmique

Associated disease
Associated renal disease or heart failure with renal impairment may result iz an
abnormally igh glanduptake of radio 1odine because of the low renzl clearance rate
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FALLACIOUS RESULTS IN RADIO-IODINE TESTS

Concurrent or past adnmnustration of drugs

The most senious errors are due to the use of drugs or previous operative or
isotope treatment Iodide 1n the form of cough mixture or 1odine as Lugols
solution may depress thyroid uptake for some weeks mn euthyroid persons and for
a much shorter period n thy dividual ‘) test for urinary
10dide such as that described by Fraser ef al (1953) should be performed 1f abnor
mally low uptakes are noted The radiological contrast media used for cholecysto
graphy pyel + h o) 1

7 phy br p phy and so on contain todine and
can depress thyroid uptake for varying periods up to months or even years
(Foote er al 1952) Inquiry should alnays be made regarding the possibility of
such nvestigatrons having been performed

Thyroid extract and thyroxine inhibit endogenous thyrotrophic hormone produc
tion and so diminish thyroid gland activity ¥ However 1t 1s possible to tell whether
potentially active thyroid tissue 15 present or not by making uptake measurements
before and after the ijection of thyrotrophic hormone (TS H) Details are given
later Antithyroid drugs prevent jodide binding by the thyroid gland the radio
10dine 1s not retained 1n the gland and therefore tests during drug admimistration
may show a falsely depressed uptake  On withdrawal of the drug and particularly
1f 1t has been admimstered for a long time an induced deficiency has been caused
and the gland may show a high uptake which 1s a reflexion of 10dine deficiency
Thus 1s simular to that in 1odine deficient goitre (Stanbury ef al  1954)

Todine deficiency

Todine deficiency accounts for the great vaniation 1n accepted normal ranges for
thyroid gland uptake 1n different regions of the world Differences are due to
vanations 1n local dietary intake even when the latter may not be regarded as
being pathologically Jow It has been shown that the abnormaily hugh uptake of
drug 1nduced 1odine defictency can be restored to normal by pretreating the patient
with 10dide before testing  the high uptake of hyperthyroidism 1s not affected by
this procedure (Fraser 1956)  Alternatively thyroid extract or thyroxine may be
used 1n full doses for this purpose  High uptakes due to 10dme deficiency will be
suppressed and will fall within the normal range but if they are the result of the
thyrotoxic state they will remain unchanged (Werner ef al 1952  Greer and
Smuth 1954) The simultaneous performance of a test measuring PB may
avoid a false p of hyper as the rate of of radio
active hormone 1n the plasma is often unaltered and the PBYI or the conversion
rate rematn normal  Thus type of falsely high uptake may result from the use of
drugs not usually recognized as having an antithyroid effect para aminosalicylic
acid given to tuberculous patients (Macgregor and Somner 1954) or resorcinol
applied to the skin (Bull and Fraser 1951) are examples

After previous thyroidectomy after radicactive 1odime therapy and m some
patients with lymphadenord goitre a normal or subnormal thyroid gland uptake
of radoactive 1odine may be associated with a high level of PB™I  Thus reflects
a rapid discharge of the 1sotope from the gland because of a high turnover rate and
occurs when relatively small numbers of residual follicles are functioning
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TESTS OF THYROID FUNCTION

USE OF THYROTROPHIC HORMONE IN ASSOCIATION WITH
RADIOACTIVE IODINE TESTS

A physician has often to decide whether the admumistration of thyroune to a
patient 1s really necessary and if the patient 15 already receiving thyroxine or
thyroid extract conventional radtoactive 10dine tests are of litle value For a
decision the drug must be withheld for at least a month and sometimes even longer
By the use of thyrotrophic hormone (T SH) however the presence of responsive
thyroid tissue can be determined even while thyroxine or thyroid extract 1s being
admimistered  An untreated patient or one to whom thyroid has recently been
given reacts to TS H by an increase in the neck uptake of radioactive 1odine when
compared with a similar and previous test carried out without TS H

Dosage

A single dose of five international units of TS H may be sufficient but 1t 1s better
to give 10 unuts  This should be adminustered either 1n one mjection 24 hours before
the second radicactive lodine test or alternatively given in three 8 hourly dwided
doses preceding the radio 1odine test  The latter procedure 1s probably preferable
since the more prolonged and conttnuous gland stimulation 1s more likely to provoke
a response than 1s the single mjection

The thyroid response can be assessed either by a 4 hour or 24 hour uptake
measurement or by the 48 hour untnary excretion or by the T index denved from
a divided collection A sigmficant response s mdicated by an mcrease 1n the 24
hour gland uptake of more than 15 per cent of the total uptake or a stmilar reduction
1n the 48 hour unne excretion
~/The same test can be used to differentiate between primary and secondary
hypothyroidism  In primary myxoedema there ts no response but 1n secondary
hypothyrotdism from hypopituttarism except in a few cases of very long standing
where the thyroid gland has become atrophi¢ preliminary admmstratton of T S H
can ehieit an increased thyroid uptake of radioactnve 10dine  The test 1s entically
discussed with full references by Bishopric ef al (1955 1t has also been shown
that the response to TSH 15 markedly mparred n struma lymphomatosa
(Hashimoto s disease)

SERUM CHOLESTEROL IN THYROID DISEASE

Thyrosd hormone 1ncreases the rate of hepatc biosynthesis degradation and

1 of chol 1 The net result 1n thyrotoxicosis is a fall n the
serum chol ol while 1n di there 1s a nse  Unfortunately the normal
range of the serum cholesterol 1s wide and different laboratories quote figures
which vary with their techmque and the number of normal estimations carfied
out Wooton and King (1953) stated that 90 per cent of normal individuals had
serum cholesterol figures lying between 153 and 260 mihigrams per cent and 99
per cent had figures between 123 and 324 milligrams per cent  In a series of 150
thyrotoxic patients we found only 30 per cent with serum cholestero! levels below
150 milligrams per cent  However all patients with values below 100 milligrams
per cent were thyrotoxic  The level almost always increased with treatment
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SERUM CHOLESTEROL IN THYROID DISEASE

In myxoedema the serum cholesterol 1s usually raised It 1s always above 200
mulligrams per cent and may nise to 800 milligrams per cent In hypothyroidism
secondary to pitustary hypofunction on the other hand relatively low levels are
common and 50 per cent of one series of such patients had serum cholesterol
figures below 200 milligrams per cent (van Arsdel and Williams 1956) It must
be remembered that high levels of serum cholesterol occur in numerous other
conditions for example” diabetes mellitus the nephrotic syndrome obstructine
Jaundice xanth and p y In these condiions however there s
usually a disturbance of(he ratios both of estenfied to free cholesterol and of total
cholesterol to phospholipids  In hypothyroidism the normal ratios of these
fractions are maintained (Peters and Man 1950)

In the past too lutle attention has been paid to liprd fractions other than the
total serum cholesterol A high total serum ct level 1s only sp
indicative of hypothyroidism 1f the cholesterol phospholipid ratio remains normal

A fall in serum cholesterol occurs with treatment 1n myxoedema and this can be
used as a diagnostic therapeutic test

SERUM CREATINE AND URINARY CREATININE

In tests of disturbances of thyroid function there 1s undoubtedly a place for a simple
objective measurement which correlates well with chimeal diagnosis  Gnffiths
(1951) suggested that this may be found in the fasting serum creatine level which
he regarded as of diagnostic value m thyrotoxicosis especially when correlated with
the basal metabolic rate  He takes 0 6 mulligram of creatine per cent as the upper
hmut of normal It should be remembered however that the serum creatine may

be ratsed m disorders of muscle bolism and 1n rh d arthnitis (Freeman
and Mattingly 1956)

Urinary are 1ly very simple and Friedman ef af
(1954) have shown a close 1 between the pig! t ratio (Ostow
and Phifo 1944) and the basal bolic rate lly m th The

increased creatiminurta 15 pot specific but it does diminish with antithyrord
therapy unhike that from other causes such as carcinomatosis

THE USE OF ¥ |

Thus short lived tsotope with a half Life of 2 26 hours has recently become available
Its rapid decay enables studies to be carried out at short intervals and its radiation
effects are of such short duration that 1t can be used in children and during
pregnancy Either the uptake at 1 hour or the clearance at 1 hour by Berson's
(1952) techmque may be studied Its cluef drawback m our experience is the
difficulty of obtamning consistent readings  Other observers have reported stmilar
findings (Hanbury er a/  1954)

THE RELATIVE VALUE OF TESTS OF THYROID FUNCTION
The tests reviewed measure different aspects of thyroid function radio 10dne tests
and the plasma protemn bound 10dme mdicating the state of activity of the gland
the basal metaboltc rate and serum cholesterol measuring the hormonal effect on
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TESTS OF THYROID FUNCTION

tissue cells It 1s not surprising that they may not be n agreement In thyrotoxt
cosis radio 10dine measurements of the 4 hour gland uptake and 48 hour plasma
actvity are most valuable although in certain circumstances other methods may
have advantages Protein bound plasma activity for instance s technicallyspeaking
relatively difficult to measure and time consuming In myxoedema the 48 hour
gland uptake and the Tindex can be relied upon  Basal metabolic rate 1nvestigations
even when carefully carried out do not possess the diagnostic accuracy of radto
1odine critenia though they help to grade the seventy of the discase  Estimations
of the serum chol ol are of httle di 1c value mn thyrotoxicosis but may be
helpful 1n myxoedema In conclusion 1t can be stated that the use of the more
simple and generallv available tests with the essential clinical data will almost
always lead to correct diagnosis and give a reliable gude to long term treatment
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uissue cells It 15 not surprising that they may not be 1n agreement In thyrotoxt
coss radio 1odne measurements of the 4 hour gland uptake and 48 hour plasma
activity are most 1th n certarn cir other methods may
have advantages Protein bound plasma actwvity for instance 1s technicallyspeaking
relatively difficult to and time g Inm d the 48 hour
gland uptake and the Tindex can be relsed upon  Basal metabolic rate nvestigations
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of the serum chol ol are of little d value 1n thyrotoxicosis but may be
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simple and generally avallable tests with the essential clivcal data will almost
always lead to correct diagnoss and give a rehable guide to long term treatment
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CHAPTER 5§

TREATMENT OF TOXIC AND MALIGNANT THYROID
DISORDERS WITH RADIOACTIVE 10DINE*

E E PocHIN

INTRODUCTION

THE APPLICATION of the radioactive forms of 1odine to the problems of clinical
med]lcme has progressed rapidly and contmnuously since these tsotopes became
available

The first form of radio 10dine prepared by Fermi (1934) was of too short a half life
for chnical use and the longer lived 1sotopes described 1n 1938 by Livingood and
Seeborg were imtially cyclotron produced 1n too small quantities to have therapeutic
value although test doses revealed the increased uptake of the overactive gland (Hamul
ton and Soley 1940} and a selective radio todine wn thyrord
metastases (Keston er @/ 1942) The first h dose of
was given to a patient with thyrotd carcinoma in 1943 (Seidin Marinellt and Oshry
1946) although a 10 mullicurie dose had been used 1n the attempted treatment of such
acasen 1942 (Keston eral  1942)  Patients with hyperthyroidism were betng treated
with cyclotron produced mixtures of 130] and **] from 1941 (Hertz and Roberts 1942
Hamilton and Laurence 1942) and by 1311 from nuclear reactors from 1946 In the
Jast ten years many hundreds of carcinoma patients and many thousands of hyper
thyroid subjects have been treated by the use of radioactive todme

In numerous respects however both of these forms of treatment are still developing
particularly in their adaptation to varted clinical circumstances and in the selection of
appropriate patients This chapter therefore must be concerned as much with the
present problems and uncertainties as with their normal practice which has been fully
described 1n a number of (Hy has been d d by Fraser
Abbatt and Stewart 1954 Horst and Kuhlencordt 1954 Blomfield er al 1955
and Chapman and Maloof 1955 Thyroid cancer has been constdered by Coliez et al
1953 Rawson Rall and Robbins 1953 Pochin Cunmingham and Hilton 1954
Hahn 1956 Hudton 1956 and Maloof Vickery and Rapp 1956 )

d. d

RADIO IODINE THERAPY IN HYPERTHYROIDISM

Advantages

The aim s to give a dose of radio 10dine which will irradiate the gland sufficiently
to reduce its activity to normal without causing undue wradiation of any other
part of the body Radioactive 10dine 1s not distinguished from other iodine 1n
jts metabolism and 1s rapidly and highly concentrated in the gland between
70 and 90 per cent of the dose 1s usually taken up by the hyperthyroid gland within
12 hours of 1ts administration and most of the remainder 1s excreted in the urine

Based on work undertaken on behall of the Medical Research Counail
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RADIO-IODINE THERAPY IN HYPERTHYROIDISM

1t 1s therefore possible to deliver § 000-9 000 rads to the gland without exceeding
10 or 20 rads of irradiation to most other body areas In this respect 1ntense
srradiation 1s more fully confined to the gland itself than during treatment with
external radiotherapy a dose sufficient to cause a remission can more easily be
ginen since relatnvely Iittle irradiation extends beyond one mullimetre from the
gland tissue and the necessary dosage 1s not hmited by risks of skin damage as
with external radation  For the patient the treatment consists in a dnnk
apparently of cold water with a further such drink a few months later of tus thyroid
remains over active It combines the menits of thvroidectomy in avording the
need for continuing treatment and those of the anuthyrord drugs 1n avoiding the
necessity of operation

Disad

ges and contra

Radio-1odine does not however at the present moment appear to be the
treatment of choice in all cases of hyperthyroidism for several reasons  although
different clinics vary i the weight that is attached to these reasons

Pregnancy
In prcgnancy radio 10dine admimistered to the mother enters |hc foetal circula
tion Py would therefore be d as a contra to radio-

1odine therapy 1n all centres although the foetal thyroid itself collects 1odine only
during the last two trimesters

Childhood

In childhood at Jeast to the age 01'6 years 1t appears likely that the developing
thyroid 15 subject to change foll d (Duffy and
Fitzgerald 1950 Simpson Hempelmann and Fuller 1955 Clark 1955) Radxo
1odine therefore should certamly not be used therap Iy in hyper
1 children

Degree of radiosensitivity

O tive glands differ derably One patient may
remam thyrotoxic after an amount of thyrmd irradiation which in another patient
1s excessive and causes myxoedema This difficulty 15 not of great importance
stnce the frequency of permanent myxoedema 1s a few per cent only 1n most series
and does not differ greatly from that foll g subtotal th he

number of doses needed 1s rarely more than 3 and averages of about 1 3 are most
commonly reported

Large glands and tracheal narrowing

Effective of thyroid o y 15 usually dwitha
reduction 1 the size of the gland most commonly to about half its mitial size
For ver: Ty large plands, therefore or when the persistence of any goitre 1s undesirable
surgery would be preferable  Surgery would certainly be wiser in the presence of
severe stndor or tracheal narrowing although in a few such cases treated with
radio todine we have not observed sncrease 1n respiratory difficulty even 1n the

;eek after the dose when maximal radiation effects would be occurnng 1n the
and
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CHAPTER §

TREATMENT OF TOXIC AND MALIGNANT THYROID
DISORDERS WITH RADIOACTIVE 10DINE*

E E Pocuin

INTRODUCTION

THE APPLICATION of the radioactive forms of 10dine to the problems of clinical
medicine has progressed rapidly and continuously since these 1sotopes became
avanable

The first form of radio 1odine prepared by Ferm; (1934) was of too short a half Ife
for clinical use and the longer lived 1sotopes described m 1938 by Livingood and
Secborg were 1mtially cyclotron produced 1n too small quantities to have therapeutic
value although test doses revealed the increased uptake of the overactive gland (Haml
ton and Soley 1940) and a selective radio 10dine 1on tn thyroid
metastases (Keston er o/ 1942) The first substantial therapeutic dose of radio 10dine
was given to a patent with thyrord carcinoma mn 1943 (Seidhin Marinellt and Oshry
1946) although a 10 miflicurie dose had been used 1n the attempted treatment of such
acase in 1942 (keston et af  1942)  Patients with hyperthvroidism were being treated
with cyclotron produced mixtures of 130T and ¥ from 1941 (Hertz and Roberts 1942
Hamulton and Laurence 1942) and by 1911 from nuclear reactors from 1946 In the
last ten years many hundreds of carcioma patients and many thousands of hyper
thyroid subjects have been treated by the use of radioactive todine

In numerous respects however both of these forms of treatment are still developing
particularly 1n their adaptation to varted clhinical circumstances and 1 the selection of
appropriate patients This chapter therefore must be concerned as much with the
present problems and uncertainties as with their normal practice which has been fully
described 1n a number of publ (Hyperth has been d by Fraser
Abbatt and Stewart 1954 Horst and Kuhlencordt 1954 Blomfield ez af 1955
and Chapman and Maloof 1955 Thyroid cancer has been constdered by Coliez et al
1953 Rawson Rall and Robbins 1953 Pochtn Cunmngham and Hilton 1954
Hahn 1956 Hilton 1956 aod Maloof Vickery and Rapp 1956 )

RADIO IODINE THERAPY IN HYPERTHYROIDISM

Advantages
The asm 1s to give a dose of radio 10dine which will irradiate the gland sufficiently

to reduce 1ts activity to normal without causing undue irradiation of any other

part of the body Radwoactive todine 1s not distinguished from other rodine 1

1ts metabolism and 1s rapidly and hghly concentrated in the gland between

70 and 90 per cent of the dose 1s usually taken up by the hyperthyroid gland within

12 hours of sts admumstration and most of the remainder 1s excreted 1n the unine
i

Based on work undertaken on behalf of the Medical Research Counctl
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RADIO-IODINE THERAPY IN HYPERTHYROIDISM

percentage of cases this sequel occurs ‘I prorces to be carcinogenic in § per cent
of cases after 20 years it will rarely be used except perhaps 1n elderly subjects or
as a last resort  If 1t 15 carcinogemc 1n 0 1 per cent of cases 1t 1s Ikely to be
safer than either surgery or the prolonged use of antithyrod drugs and may
become the usual treatment of choice  There 1s not yet however and for about
10 years cannot be any basis whatever for answering quantitatively the question
of how freq ly rad dine therapy 15 m man and our use of 1t
until then must remain as uncertain as many other clinical judgments At present
1t seems unjustifiable to use radto 1odine as the treatment of choice 1 young
patients and where other treatments are known to be safe  but 1t would be equally
unjustifiable to withhold 1t where the alternatives are hazardous  and particularly
tn patients with post operatne recurrent thyrotoxicosis or n those over 45 years
of age with severe thyroid disease for whom the prognosis after 20 years is in any
case doubtful It will be appreciated that even this opinion implies that the late
nsk of radio 10dine treatment can be approximately estimated which 1s certamly
not true At present some clinics use radio 10dime as the treatment of choice
all adults except during pregnancy and perhaps with large toxic nodular gortres

many would use 1t in patients over 45 years of age some would only give 1t to
patients for whom alternative treatment was contra indicated and rarely to
patients under 45 years of age

Techmque of rad dine therapy in hyperthyroid

In a hyperthyrotd patient selected as swtable for radio 1odine therapy the
following steps are normally involved (1) Prehminary drug treatment 1f any 15
Judged to be necessary  (2) A decision as to the thyroid irradiation required and
usually a test dose of radio 1odine to determine the dose needed to produce this
(3) A therapeutic dose and control of any symptoms which may be provoked by
1t (4) Any necessary control of persisting hyperthyroid symptoms in the month
or two following the therapeutic dose and before its full effect 1s obtamed  (5)
Later assessment of thyroud state to exclude d ov y or the devel
ment of myxoedema

Certan problems may anse at each stage and the methods adopted 1n different
clhimes vary

P

Prelinunary treatment

If a patient 1s recerving antithyroid drugs they should be discontinued for a
short peniod before giving radio 1odine  An intenal of a few days to a week 15
normally used and enables the gland s capacity for concentrating and retatning
todine to be restored The test dose will then estimate adequately the uptake
of the subsequent therap=utic dose

If the patient has not been receiving antithyroid drugs 1t s usually unnecessary
to give them (but see Fraser Abbatt and Stewart 1954)  Nevertheless with severe
hyper or mn ad d tt disease 1t 15 wise to control the
gland s overactiity with preliminary antithyroid drugs before radio 10dine and
so avoid the nisk of exacerbation of symptoms duning the week or so after the
therapeutic dose Antithyrord drugs can be discontinued when adequate control
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TREATMENT OF TOXIC AND MALIGNANT THYROID DISORDERS

Problems i treating tovic nodular gortres

Toxic nodular gotres are often stated to be more difficult to treat by radio
1odine or to require larger doses than glands which are umiformly hyperplastic
This difficulty however does not prevent the effective control by radio 10dine of
most of these cases (Cook Jones and McCullagh 1955)

Dosage

The estimation of the correct dose of radio 10dine (1n mullicuries) for the required
arradation of the gland (in rads) presents certain problems apart from the need
for specialized equipment for the necessary measurements The srradiation pro
duced will depend on the proportion of the dose concentrated m the gland the
volume of gland through which 1t 1s distributed the umformty of its distribution
and the length of tme dunng which 1t remains n the gland  Several of these
factors may be estimated by a preliminary test dose of radio 10dine (see befon)
The estimate so obtained 1s unlikely T be of great accuracy but the large vanations
m thyrord rad y make 1t y to seek a high precision 1 1ndividual
cases These hospital attend: for about a week
prior to treatment  their omission must involve some increased uncertainty as to
the size of dose required

Stde effects

Therapeutic radio 1odine administration has been shown to cause a nise 1n the
serum protein bound 10dine concentration during the week following the dose
presumably due to thyroxine and other metabohtes hberated from irradiated
thyroud cells Increased thyrotowicity during this period 1s not usually observed
but may constitute a slight risk 1n severe thyrocardiac disease  Local tenderness of
the gland 1s common but not severe Acute radiation sickness used to occur
dsurmg treatment by muxtures of 1] and 131J but 1s normally not detectable after
it ﬂI

Possibiity of mahgnanc)

The only major objection to the wide use of radio 1odine as the treatment of
(choice 1 most cases of hyperthyrordism 15 that 1t is not yet certan that malig
nancies may not be induced by 1t As i the radiotherapy of any benign condition
the bility of late perhaps foll, g irradiation by 20 years
ndicates the need for caution m the use of thrs treatment imtially

At present some hundreds of patients are surviving 12 years and some thousands
8 years after No sub 1 of the thyrowd or of closely
adjacent structures have been recorded the two cases of leukaemia reported as
followng radio_10dine therapy of hyperthyrordism (Pochin Myant and Corbett

1956 Abbatt Farran and Greene 1956) barely exceed the number to be expected
by chance The nsks however cannot be known for some 10 years or more
SINCe an app bl 1 d may develop after a long latency

Experience 1n other fields has shown that malignant changes may be expected
after radiative destruction of varwous tissues and ammal expeniment has shown
that radio todine treatment can 1 fact be followed by thyroid neoplasms n the
rat thiouracil treatment besng stmularly carcinogenc in this species  The problem
however 1s niot whether radio 1odine treatment 1s carcinogenic in man butin what
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RADIO IODINE THERAPY IN HYPERTHYROIDISM

The therapeutic dose

Far the thetapeutic dose admusston to hospstal appears unnecessary in most cases
since there 15 usually no subsequent ¢ ( of symp and certamnly no
Iikely hazard from the vacontrolled rejection of the small proportion of the dose
excreted w the urine  Incases howeser with severe hyperthyrowdism observation
m hospital dunng the week following the therapeutic dose 1s 4 wise precaution
Some nausea perhaps with diarrhoea may occur a few days after the dose and the
siand may become tender to palpation but general symptoms of radiation sickness
or acute hyperthvrordism are most unlikely

Course subseguent 1o the il erapeutic dose

The therapeutic dose appears 10 Cause a progressive reduction in thyroid activity
reaching 2 maximal effect after about 2 months this depression decreasing some
what 1n the foltowing month (Larsson 1955)  If tms behaviour 15 vsval it follows
that (1) patients with imually severe hyperth d may sequire add: 1
therapy durmg the weeks after the dose  (2) transient hypothyrowdism may
develop at 6 weeks after the dose and (3) final assessment of the effect of the first
dose can be made after 3 ot 4 months although if the patient 15 shil hyperthyroid
after 1§~2 months further treatment 1s hkely to be needed

Most patients need no additonal therapy following the dose which may
1mprove symptoms withtn 2-3 weeks  For those previously recetving antithvrord
drugs and 11 whom a return of symptoms mught be hazardous sodides or ants
thyrord drugs can be given from a few davs after the dose  Lugol s rodine or
odides have been advocated on the grounds that thew action s sufficiently
prolonged to cover the necessary tnterval and that snvolution of the gland foflowing
radiation damage should theoretically 1nvolve less nisk of carcinogenests than the
pitutary stmulation of the gland which may occur from excessive blockage of
thyroune formation by antithytord drugs Expersmental evidence in smmals
suegests that 1f radio todine 15 followed by antithyroid drups 1t 1s more frequently
carcinogenic than if not so followed

No satisfactory test has been found which wil & soon after & theeap
dase whether this dose will sestore normal thyrord activity  and it ss wsually
necessary 1o tely on chimcal and radio wdine assessment made at 12 or more weeks
1f additional treatment 15 necessary the dose 15 usuaily determined or an arbitrary
basis  Most clnges i fact give o further dose of between ane third and two thurds
of the ongmal dose varying the proportion according to the degree of remaming
hyperthyrowdism

The possibility of post sradmhon myvoedema should be remembered and that
it may be only transient  Thyroid prepatations shonld be gven witially only
for a few months and then d; ded wnless hypothyroid P return with
therr withdrawal or reduction

Conclusion

Radia todune treatment of hyperthyroidism 1s sunple and efficient although 1t
stlt requrres greater accuracy and earher assessment of the need for furtherdosage
by 1965 3t has proved to be safer than expert thyroud surgery st may become the
treatment of choice for most patents
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TREATMENT OF TOXIC AND MALIGNANT THYROID DISORDERS

has been obtained or a euthyroid condition established The test dose 1s then
given about five days later

Deternination of dose sive

Hyperthyroid glands differ widely 1n their radiosensitivity  An average radia
tion 1ntensity throughout the gland of 8 000-9 000 rads 1s usually sufficient to
reduce thyroid actvity to normal In any particular patient higher or lower
mtensities may be required or thought preferable In an elderly patient with
thyrocardiac disease the need to control thyroid activity with a single dose may
Justify an increased risk of inducing myxoedema and so call for 10 000-12 000
rads In a younger patient with moderate post operative recurrent thyrotoxicity
and to whom several doses could be given without mconvenience the nisk of
myxoedema might be reduced by aiming at 6 000 rads from a first dose Tovic
nodular gottres appear to require higher mtenstties for full control than diffusely
enlarged glands and hgher 1mittal doses are often used when such cases are treated
(Cook Jones and McCullagh 1955)

The size of the therapeutic dose required to produce a given intensity of irradia
tion may be d from the bet of the p ding test dose A carnet
free test dose of 30-50 mucrocuries 1s given and measurements made of the per
centage of this present in the thyroid at say 1 3 5 and 7 days after 1ts adminis
tratton so that the maximal uptake and jodine retention in the gland can be
estimated A clinical estimate of thyroid size may be supplemented by a map
of the radio 10dine distribution 1n the neck (or see Franco and Quina 1956)
From the uptake the gland size, the discharge rate and the physical properties
of 31T the necessary dose size can be calculated small corrections being possible
for the gamma radiation contribution 1n large glands and for the greater efficacy
of radiation delivered during a short period than during a long one  The thera
peutic dose 1s Siven as soon as the measurements following the test dose are
completed

In some chinics no test dose 1s given and the size of the therapeutic dose 15
determined solely on the chinical estimate of gland size and on whether heavy of
moderate radiation 1s required  When this 1s done the published results do not
appear to be worse than when detarled measurements on a test dose are made
the frequency of myxoedema and of the therapeutic doses required 15 not increased
This may be because individual diffe in rad y hadow the
importance of varymg uptake or discharge rates 1t seems analogous to the usual
pemcidlin or salicylate dosage on a body weight basis blood levels only beng
required as a refinement or 1n certamn cases At present 1t would appear preferable
to base the therapeutic dose on a preceding test dose whenever the latter
can be gnen without difficulty though justifisble to omit it under specal
circumstances

Since variations 1 10dine discharge rate are much farger than those 1n uptake
a test dose followed only for 24 hours for determination of uptake 1s of lttle
value Frrors in the determination of gland size are very large whether by mapping
or by palp and a 1 1 it g intracervical of
arr has been proposed (Franco and Quina 1956)  Most clinics would hesitate to
use single doses of more than about 20 millicunes even if such were required to
produce the necessary radiation mtensity
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The therapeutic dose

For the therapeutic dose admission to hospital appears unnecessary In most cases
since there 15 usually no subsequent exacerbation of symptoms and certaly no
Iikely hazard from the uncontrolled rejection of the small proportton of the dose
excreted in theurine  Incases however with severe hyperthyroidism observation
1n hospital during the week following the therapentic dose 1s a wise precaution
Some nausea perhaps with diarrhoea may occur a few days after the dose and the
gland may become tender to palpation but general symptoms of radiation sickness
or acute hyperthyrotdism are most unlikely

Course subsequent to the therapeutic dose

The therapeutic dose appears to cause a progressive reduction i thyroid activity
reaching a maximal effect after about 2 months this depression decreasing some
what 1n the following month (Larsson 1955)  If this behaviour 1s usual 1t follows
that (1) patients with initially severe hyperthyroidism may require additional
therapy duning the weeks after the dose (2) transient hypothyroidism may
develop at 6 weeks after the dose and (3) final assessment of the effect of the first
dose can be made after 3 or 4 months although if the patient 1s still hyperthyrord
after 13-2 months further treatment 1s likely to be needed

Most patients need no addiional therapy following the dose which may
improve symptoms Within 2-3 weeks  For those previously receiving antithyrord
drugs and 1n whom a return of symptoms might be hazardous 1odides or ant
thyrord drugs can be given from a few days after the dose Lugols 1odine or
10dsdes have been advocated on the grounds that therr action 15 sufficiently
prolonged to cover the necessary mterval and that involution of the gland following
radiation damage should theoretically 1nvolve less nisk of carcmogenesis than the
pituitary stimulation of the gland which may occur from excessive blockage of
thyroxine formation by antithyroid drugs Expertmental evidence in ammals
suggests that if radio 10dine 15 followed by antithyroid drugs 1t 1s more frequently

than 1t not so followed

No satisfactory test has been found which will determine soon after a therapeutic
dose whether this dose will restore normal thyroid actvity and 1t 1s usually
necessary to rely on climical and rado 10dme assessment made at 12 or more weeks
1f additional treatment 1s necessary the dose 1s usually determined on an arbitrary
basts  Most clinics 1n fact give a further dose of between one third and two thirds
of the original dose varying the proportion according to the degree of remaining
hyperthyroidism

The p

of post 1rrad d should be bered and that
it may be only transient Thyroid preparations should be given mitially only
for a few months and then discarded unless hypothyroid symptoms return with
therr withdrawal or reduction

Conclusion

Radio 10dine treatment of hyperthyroidism 1s simple and efficient although 1t
still requires greater accuracy and earlier assessment of the need for furtherdosage
1f'by 1965 1t has proved to be safer than expert thyroid surgery 1t may become the
treatment of choice for most patients
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has been obtamed or a euthyroid condition established The test dose 1s then
given about five days later

Determination of dose size

Hyperthyroud glands differ widely in their radiosenstivity  An average radia
tion intensity throughout the gland of 8 000-9 000 rads 15 usually sufficient to
reduce thyrord activity to normal In any particular patient igher or lower
intensities may be required or thought preferable In an elderly patient with
thyrocardiac disease the need to control thyroud actvity with a smgle dose may
Justify an d nisk of ind myxoed and so call for 10 000-12 000
rads In a younger patient with moderate post operative recursent thyrotoxtcity
and to whom several doses could be given without inconvemence the nsk of
myxoedema might be reduced by arming at 6 000 rads from a first dose  Toxic
nodular goitres appear to require higher intensities for full control than diffusely
enlarged glands and higher 1nitial doses are often used when such cases are treated
(Cook Jones and McCullagh 1955)

The size of the therapeutic dose required to produce a gtven intensity of irradia
tion may be estimated from the behaviour of the preceding test dose A carrer
free test dose of 30-50 microcuries 15 given and measurements made of the per
centage of this present 1n the thyroid at say 1 3 5 and 7 days after 1ts admnis
tration so that the maximal uptake and 1odine retention in the gland can be
estimated A clinical estimate of thyroid size may be supplemented by a map
of the radio 10dine distnibution 1n the neck {or see Franco and Quma 1956)
From the uptake the gland size the discharge rate and the physical properties
of B! the necessary dose size can be calculated small corrections betng possible
for the gamma radation contribution in large glands and for the greater efficacy
of radiation delivered during a short period than during a long one  The thera
peutic dose 1s given as soon as the measurements following the test dose are
completed

In some clinics no test dose 1s given and the size of the therapeutic dose 1s
determuned solely on the clinical estimate of gland size and on whether heavy or
moderate radiation 1s required  When this 15 done the pubhshed results do not
appear to be worse than when detailed measurements on a test dose are made
the frequency of myvoedema and of the therapeutic doses requered 1s not tncreased
This may be because ndividual differences tn radiosensitivity overshadow the
importance of varying uptake or discharge rates 1t seems analogous to the usual
penicillin or salicylate dosage on a body weight basis blood levels only bemng
required as a refinement or 1n certain cases At present 1t would appear preferable
to base the therapeutic dose on a preceding test dose whenever the latter
can be given without difficulty though justifiable to omut it under spectal
circumstances

Since vanations in 1odine discharge rate are much larger than those in uptake
a test dose followed only for 24 hours for determination of uptake 15 of httle
value  Errors in the determunation of gland stze are very large whether by mapping
or by palp and a radsol, 1 g intracervical of
air has been proposed (Franco and Quina 1956) Most chinics would hesitate to
use single doses of more than about 20 millicuries even if such were required to
produce the necessary radiation tensity
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{5) Re-examination 6-8 weeks later by which time myxoedema will normally have
developed and ad ofa th dose 1f ad uptake Is

1n tumour tissue

(6) Repetition of therapeutic doses at intervals if the above 1s established until no
1odine-concentrating tissue can be detected or until an adequate response has been
obtamed

(7) Thyrone or thyroid preparations are given once uptake has developed but with
wnterruption of such treatment during the 4 wecks preceding any radto-1odine dose
since tumour uptake 1s suppressed during and for 2-3 weeks alter thyroid replacement
therapy

{8) Ultimate follow up examunations for example with annual radio 1odine test
doses to exclude the recurrence of 10dine-concentrating tissue

Inatypical f2 ble case the aboll of all d ble fi
tissue may be achieved 1 2-3 years from thyroid ablation and after a total dosage
of 1.500-1 800 mullicanies of 111 There are however wide differences of response
from patient to patient and of procedure 1n different chnics

Selection of patients

Most clinics would regard temours as suitable for attempted radio 1odine
treatment if consisting largely of colloid filled follicles and unswtable if their cells
were without either follicular or papillary arrangement or of the Hurthle cell type
Good responses may also be obtained if follicles are scattered throughout 2 mainly
papillary pattern or are small and without colloid in their lumens  When the
tumour structure ts wholly papillary as judged from a biopsy sample radio 10dine
15 often sard to_be without value and such tumours may sometimes be well treated
by successive removal of local recurrences Our expenience however indicates
that radio 10dine treatment following thyroid ablation may be valuable 1n some of
these cases and that 1t should certainly be attempted 1f surgery fails even though
follicles are absent and the tumour 1s of a papillary type

On the other hand 1t 1s rarely of value to use radio 10dine 1n_undifferentiated
carcinomas without cell arrangement  These tumours onenisprcad so rapidly
that they cause death within the 3 months that would be necessary for the induction
of d and the d of 10dine uptake following thyroid ablation
If a wholly or partly anaplastic tumour 1s judged to be unsuitable for surgery or
radiotherapy and 1s progressing only slowly 1n a young and otherwise well patient
1t may sometimes be justifiable to proceed with thyroid ablation and tests of uptake
and response to radio 1odine  The results are however usually unfavourable and
1t 15 certanly unjustifiable to subject the majonty of patients with anaplastic
tumours to a terminal myxoedema even 1f external radiotherapy has been unsuc
cessful or mappheable It 1s of course important to remember that 1n some
follicular carcinomas the follicles are so small and their lumina so slight or absent
that the resulting closely packed rosettes of cells may be mustaken for solid
masses of cells of undifferentiated type

Method of ablation

In any patient selected for radio 10dine treatment abolition of normal thyroid
function 1s a necessary fitst step  The choice between tofal thyroidectomy and
radio 1odine as methods of achieving thyroid ablation will be determined by the
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RADIO IODINE THERAPY OF THYROID CARCINOMA

When radio 10dine 1s used 1n the treatment of thyroid carcinoma the problems
and limtations are entirely different from those 1nvolved in the therapy of hyper
thyroidism  The 1sotope 1s used not as an alternative but as the only treatment
of clinical value nisks of ind further mal 'y are dary Moreover
the doses required for full control of the tumour may be verylarge so that radiation
effects on other body tissues arc likely to limut the amounts that can be given 1
any one dose

The main problems again however are the selection of suitable patients the
preparation necessary before radio 1odine can be started the conduct of treatment
and assessment of 1ts completion  Although the techmque of this form of therapy
has progressed considerably since 1t was first used 1n 1942 there 15 still much
uncertamty as to the best procedures to adopt at the several stages In some
climcs the (sotope 1s used according to a much less well defined programme than
would appear desirable

The possibility of treating a thyroid carcinoma with radio sodine depends upon
the 1sotope being sufficiently well concentrated and retained 1n the tumour tissues
to cause destructive local wradiation without caustng undue radiation of other
essential body structures  The concentration of radto 10dine tn turn depends upon
ihe tumour cells resembhing normal thyrowd tissue 1n their metabohism sufficiently
10 be capable of synthesizing thyroid hormone and of their bemng under suttable
sttimulus to do so

It 15 now clear that anaplastic thyroid tumours garely concentrate radio 1odine
10 a therapeutically useful extent though histologically differentiated ones do so
quite commonly as might be expected 1f histol 1 and bioch 1d
tion ran parallel It is also found that relatively few thyroid tumours concentrate
1odine strongly 1n any case unless stmulated to do so by the cessation of normal
thyroid function and the development of myxoedema

1t 15 usually impossible to select patients by an imtral test for tumour uptake of
radto 1odme ~ and the d 18 ly made on histological grounds direct
evidence of 10dine concentration in tumour tissue only being sought after the
intial abolition of thyroid function  Even then the efficiency of uptake does not
10 1tself indicate whether the tumour will be sufficiently radiosensitive to respond
to the radio 10dine which it and the resp. to a therap dose
may be the soundest guide to the value of this treatment

Techmque of radic-10dine therapy mn carcinoma
For the above reasons the following steps are commonly adopted
(1) Examunation of excised tissue (o establish the diagnosis and the histological
nature of the tumour
" (2) Attempted radical resection of the tumour in all instances where this appears

at all likely to be practicable

(3) For snoperable but differentrated thyroid tumours  ablation  of the thyroid
enther by o total thyrosdectomy of by an mitial therapeutic dose of radio-1edine

(4) Examunation 6-8 weeks later for evidence etther of radio 1odine uptake tn tumour
tissue or of incomplete ablation of the thyroid  a therapeutic dose being given if either

1s found
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a normal level of thyroxtne metabolism If myxoedema 1s present and tumour
uptake of radio 10dine clearly demonstrable therapy should be started with a
radio 10dine dose of about 150 millicuries  Many climics however would require
a high uptake certamly exceeding 20 per cent of the dose concentrated 1n tumour
tissue and would allow d to until a 1y high uptake
was demonstrable before giving the first radio todine dose they often give
drugs of the thiouracil group 1n high dosage or th pic hormone by
to ensure maxuimal pituitary or other stimulation of the tumour to concentrate
10dine before using radio 1odine therapeutically

This difference in procedure—either in starting treatment when any uptake 1s
demonstrable or 1n requinng lugh uptake before treatment—arises from scveral
ctrcumstances on which information s still required

(1) If the radiation of a tumour (by radio todine or otherwise} depresses 1ts powers
of concentrating further radio-iodine for many months then the greatest possible
uptake must clearly be ensured before any therapeutic dose 1s given I uptake 1s only
depressed for a few weeks then early treatment and repeated doses can be given

The question ts difficult to answer since a radi dine dose which
destroys half the tumour cells will necessarily halve the uptake of an ensuing dose even
after full recovery of concentrating power in the surviving cells It seems likely that at
least 1n some tumours the full power 1s recovered 1n a few weeks

(2) 1t 15 clear that many tumours will only concentrate 1odine strongly under the
stimulus of myxoedema and presumably as a result of the mcreased thyrotropic hor
mone released from the pituitary 1n this condition It 1s not clear however whether
when a patient 1s already myxoedematous drugs of the thiouracil group will achieve
any further stimulation of tumour uptake If so and the evidence on this point 15
slight such drugs should be given from the time of ablation and stopped a few days
before each test If not the development of full myxoedema would mply that the
tumour uptake was already fully stimulated and further delay might allow only increased
tumour growth The same doubt attaches to the value of thyrotroptc hormone to
stimulate tumour uptake during established myxoedema

(3) Tt 15 also uncertain whether prolonged thyrotropic hormone stimulatton of a
thyroid carcinoma 1n man may not favour its spread and enlargement as well as its
1odine uptake If this 15 50 as 1t 1s for certamn thyroid tumours 1n amimals prolonged

of may be to the patient as well as distressing

(4) No measurement can estimate the total mass of 1odine concentrating tumour
tissue particularly where palpable masses may be partly necrotic or fibrottc or after
treatment It 1s thus impossible to know whether a low uptake 1s due to a small mass
of actwvely functioning tumour which would favour immedrate treatment or to a large
mass with neffictent uptake which might favour delay if this efficiency could be
improved  Multple dnill biopsies with autoradiography might answer this question
m an indvidual patient but these are rarely justified or practicable

(5) Even 1f the rad:o 1odine uptake per gramme of tumour tissue and so the rradia
tion to be expected from a given dose could be estimated we have at present madequate
about the rad; y of different tumours A well differentiated
tumour of good uptake may respond less well than a poorly differentiated one of weaker
uptake  For this reason the response to radio 10dwne of a tumour which has developed
1ts maumal uptake affords the best criterion for starting radio 10die therapy

At present therefore some climes would allow myxoedema perhaps combined
with antithyroid drug treatment to continue unless the tumour was concentrating
a considerable percentage of a test dose others would only do so 1f Iittle or no
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circumstances of the case  Surgical removal of the gland will normally be pre
ferable 1n the following circumstances

(1) If there appears to be any likelihood that the tumour may prove to be wholly
removable

(2) If a large mass of tumour tissue can readily and safely be removed from the
neck during the thyroidectomy

{3) If the trachea 15 severely compressed but can be freed at the time of operation
The nisk of tracheal obstruction due to cedema following a large dose of radio 10dine
appeats to be small but may occur I cases with constderable imitial stidor  For such
patients operation 1s best and the trachea should be freed even if total thyro:dectomy
proves impossible  When stridor 1s severe and no adequate resection can be made
a Yy h may be d before radio 1odine ablation

(4) If the trachea 1s d; by a rapidly tumour  since
radiotherapy may not become effective in reducing tumour mass before the development
of myxoedema 3 months later

On the other hand radio 10dme ablation will usually be preferable

(1) If neck structures are likely to have been disturbed by previous operation and
radio-todine therapy as well as by the presence of tumour tissue so that a total thyrot
dectomy 1s unlikely to be without sub I risk to or
laryngeal nerves

(2) I one vocal cord 1s already paralysed

(3) If the thyroid 15 unduly mvolved with vascular tumour tissue or 1s densely
adherent to the trachea so that total thyroidectomy will be difficult to achieve safely

If radio 10dine 1s used an ablation dose of 80 mullicuries will usually destroy
almost all normal thyroid tissue without causing an unduly severe local reaction
although tenderness of the gland and local oedema commonly occur during the
ensumg week Some nausea and symptoms attributable to moderate radiation
sickness may occur during the 24 hours following the dose and general symptoms
may sometimes recur a few days after the dose at a time when 1t can be shown that
radiative destruction of thyroid tissue 1s liberatmg jodine metabolites into the
circulation  For these reasons and to ensure proper control of the highly radto-
active urine during this period 1t 1s desirable that the patient should be n hospital
dunng the week following an ablation or other therapentic dose No major
problems are likely to arise except very occasionally cervical oedema threatening
the airway of a patient who had severe stridor before the dose

q! for starting rad dine therapy

Myxoedema 15 unlikely to develop until 10-12 weeks after thyrord ablation [t
1s however useful to re examine the patient at 6-8 weeks after radio rodine
ablation or at 2 weeks after total thyroidectomy partly to determine whether
10dine uptake has already developed 1n the tumour but chiefly to see whether all
thyroid tissue has in fact been ablated and to use radio 1odine to complete the
ablation 1f 1t has not It 1s common to find a trace of such tissue still functioning
and concentrating 0 5-1 per cent of a test dose and a therapeutic dose almost
always needs to be gren at ths stage

On re exanunation 6-8 wecks later myxocdema has usually developed except
when a large mass of tumour tissue s already functional and capable of maintarning
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a normal level of thyroxine metabolism  If myxoedema 15 present and tumour
uptake of radio 10dine clearly demonstrable therapy should be started with a
radio 10dine dose of about 150 mifficunies  Many chinics however would require
a hugh uptake certainly exceeding 20 per cent of the dose concentrated in tumour
tissue and would allow d to until a ly high uptake
was demonstrable before giving the first radio-odine dose they often give
drugs of the thiouracil group n high dosage or thyrotropic hormone by injection
to ensure maumal pituitary or other stimulation of the tumour to concentrate
10dine before using radto-todine therapeutically

Ths difference 1n procedure—either i starting treatment when any uptake 1s
demonstrable or 1n requinng high uptake before treatment—anses from several
circumstances on which information 1s stll required

(1) If the radiation of a tumour (by radio 10dine or otherwise) depresses its powers
of concentrating further radio-lodine for many months then the greatest possible
uptake must clearly be ensured before any therapeutic dose 1s given  If uptake 1s only
depressed for a few weeks then early treatment and repeated doses can be given

The question 1s difficult to answer q ly since a rad, dine dose which
destroys half the tumour cells will necessanly halve the uptake of an ensuing dose even
after full recovery of power in the g cells It seems likely that at

feast 1n some tumours the full power 1s recovered in a few weeks

(2) It 1s clear that many tumours will only concentrate 10dine strongly under the
stimulus of myxoedema and presumably as a result of the increased thyrotropic hor
mone released from the piturtary 1 this condition It 1s not clear however whether
when a patient 1s already myxoedematous drugs of the thiouracit group wilt achieve
any further stmulation of tumour uptake If so and the evidence on this pomt 1
shght such drugs should be gnven from the time of ablation and stopped a few days
before cach test If not the development of full myxoedema would 1mply that the
tumour uptake was already fully stumutated and further delay might allow only increased
tumour growth The same doubt attaches to the value of thyrotropic hormone to
stimulate tumour uptake dunng established myxoedema

(3) 1t 15 also uncertan whether )| d hormone \f of a
thyroid carcinoma 1n man may not favour its spread and enlargement as well as its
1odine uptake  1f this 15 5o as it 1s for certain thyroid tumours 11 alimals prolonged

of de may be h dous to the patient as well as distressing

{4) No measurement can estimate the total mass of sodineconcentrating tumour
tissue particulatly where palpable masses may be partly necrotic or fibrotic or after
treatment It 1s thus impossible to know whether a low uptake 1s due to a small mass
of actively functioning tumour which would favour immediate treatment or to a large
mass with nefficient uptake which mught favour delay 1f this efficiency could be
mproved Multiple dnll biopsies with autoradiography might answer this question
1n an individual patient but these are rarely yustified or practicable

(5) Evenif the radio 1odine uptake per gramme of tumour tissue and so the (radia
tion to be expected froma given dose could be estimated we have at present nadequate

about the of different tumours A well differentiated

tumour of good uptake may respond less well than a poorly differentiated one of weaker
uptake  For this reason the response to radio 10dine of a tumour which has developed
1ts maximal uptake affords the best criterion for starting radiosjodine therapy

At present therefore some chnies would allow myxoedema perhaps combined
with antithyroid drug treatment to continue unless the tumour was concentratmg
a considerable percentage of a test dose others would only do so if hittle or no
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selective uptake was demonstrable at tumour sites once myxoedema had developed
Most would start treatment for a tumour estimated as concentrating 0 | per cent
of a test dose per gramme of tumour few would start if the estimate was 0 001
per cent per gramme

We have no wformation as to the lag which may oceur between the onset of

and the devel of 1odine uptake 1n tumour tissue  Tests should

probably be made for at least 3 months before the possibihity of abandoning radio
10dine treatment  Even 1f little uptake 1s then demonstrable one therapeutic dose
should perhaps be given since the risks of giving 1t are neglgible, and 1t may be
followed by a response 1n a radi tumour ating only small
of radio 10dine

Conduct of treatment

Most tumours responding to radio 10dine require repeated large doses and
decisions 1n the conduct of treatment are concerned with the size of individual
doses the necessary interval between doses and the criteria for discontinuing
treatment

Dosage

Individual doses of between 100 and 200 millicunies are usually given 1f repeated
dosage 15 mtended  After such doses radiation sickness 1s usually shght and
blood changes transtent a depression of the lymphocyte count commonly lasts
for about 3 weeks after the dose The intervals between doses vary widely 1n
different climes but there 1s some evidence that tumour cells surviving one dose
recover their power of 1odine concentration within 4 weeks although the power
appears to be lost for the week or two following the therapeutic dose It would
seem d ble therefore to doses of say 150 millicures at 6-8 week
ntervals until no remaiming tumour tissue 1s demonstrable  In practice this would
mnvolve prolonged hypothyroidism since thyroid extract itselfl depresses 1odme
uptake 1n the tumour for several weeks after 1ts admunsstration and so needs to
be discontinued for 3 or 4 weeks before each dose A suitable procedure ts to
give doses 6 or 8 weekly until a steady diminution of tumour mass 1s demonstrable
and then to widen the interval between doses progressively provided that the
diminution continues

Estimation of radio 1odine uptake in tumour mass

1t 1s not possible to estimate directly the total tumour mass and to adjust treat
ment so as to ensure 1ts progressive dimmution  However 1t 1s possible to estimate
1n most cases the total radio 10dine uptake 1 the tumour mass and 1n many cases
this value appears to run parallel with the tumour mass stself The correlation
between total tumour uptake and total tumour mass in any one¢ patient is not
invanable but 1t appears to give a useful gurde to progress in many patients and
15 usually more helpful than chimcal or radiological estimates of the size of metas
tases alone The tumour uptake can be esttmated directly by surtably calibrated
gamma rad over body at which tumour tissue 1s present
A more indirect but simpler estimate may be derived from the proportion of the
dose which 1s found to be protemn bound per hitre of plasma at a given mnterval
after the dose  or from the proportion which 15 excreted 1 the urine only aftera
delay md its modine ing tissue
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All these methods and that correlating uptake with tumour mass require
further snvestigatton It 1s most important that the destruction of 1odine-concen
trating tumour tissue should be estimated rehably so that the optimal size and
mterval of doses can be determined 1n each patient 1t 15 also valuable to know
accurately the nterval needed for recovery of uptake both after radiation and
after thyroune and the mnterval necessary for bone marrow recovery between
doses

Complications dunng treagment

In a patient whose carcinoma has developed good 1odine uptake several events
may mterrupt the plan of repeated therapeutic dosage until no further 10dine
concentratig tumour tissue can be detected

(1) Metastases with good uptake may nevertheless fail to respond or cease to
respond even to frequent and large radio 1odine doses  This appears more likely to
occur if the total turour mass 1s already large and inoperable at the start of treatment

(2) New will oc {ly develop and progress despite
continued treatment

(3) Any metasta es that do not concentrate 10dine may extend or new deposits of
undifferentiated type may develop  This seems to

(4) Death may be cawsed by remaming tumour tissue We lost one case owing
to retropernitoneal haemorrhage from tumour tissue n which the total uptake on
repeated doses had been decreasing

(5) Treatment may have to be discontinued owing to bone marrow depression
Thus 1s often regarded as a ltkely complication of radio 1odtne treatment of any thyroid
carcinoma In our expenience a substantial fall in blood count occurred only in patients
with bone metastases  In such ca es 1t usually developed about a year after treatment
and affected erythrocytes and platelets as well as leucocytes  In patients without bone
metastases the blood count has rarely been much affected except during the week
or two 1mmediately following each dose This has only once caused delay or interruption
of treatment It 13 our expenience that for a limited period radio rodine 1s chinically

valuable tn many patients with bone metastases 1In those without radio 10dme
treatment can usually be pressed without fear of marrow aplasta and 1t should be so
pressed 1f possible until total tumour destructon has been achieved

Re-examnation after treatment

Even 1f this state has apparently been reached 1t 15 still desirable that the patient
should be re examined at intervals both chinically for recurrence and for any re
appearince of abnormal radio 1odine uptake At present we give an annual test
dose large enough to allow detection of a tumour recurrence concentrating
001 per cent of the dose so using 10-25 mullicurie doses 4 weeks after discon
tnung thyroxine admunstration It 1s too early to judge for how long such
re exammations should be continued and 1t 1s much too early to know whether
patients 1n whom no rematning traces of 1odine concentrating tumour tissue can
be detected will remarn free from recurrence without further treatment

Summary
Radio todine therapy has an obvious chinical value 1 a substantial proportion
of patients with le and well d d thyroid cancers and should be

attempted as the treatment of choice i most of these cases
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CHAPTER 6

ENDOCRINLE FACTORS IN THE SYNDROME OF
DIABETES MELLITUS

P J RANDLE

INTRODUCTION

EXPERIMENTAL and climical observations during the past 30 or 40 years have
smplicated a number of hormones in the syndrome of diabetes mellitus
These include the pancreatic hormones mnsulin and glucagon the pituitary hor
mones growth hormone corticotropin and prolactin certain adrenal sterods and
the thyroid hormone  The present account of the subject 1s not so much concerned
with establishing that they have a role in the diabetic syndrome but rather 1n
assessing their relative importance  This account 1s far from complete and no
attempt has been made to discuss for example the importance of the thyrord
hormone obesity or heredity 1 the diabetic syndrome

Clnical forms of diabetes mellitus 1n man
Essenttal diabetes presents tn a severe form and in a mild form of an obese or non
obese nature
‘When found to be of secondary nature the disease can be seen 1n the following
condibons pancreatic disease (for example after pancreatectomy carcinoma of
hy P h

cytoma lipoatrophy

Although different clinical forms of diabetes are recognized there are no generally
accepted terms to describe them A simple classification of the different forms 18
gwven above  In this classification the term essential diabetes 1s used to separate
the vast majority of cases m which diabetes occurs as a disorder 1 1ts own right
from those 1n which 1t occurs as a feature of some other well recognized disease
The severe cases comprise those patients 1 which insulin treatment 1s essential
1f normal weight 1s to be maintained and ketosis avoided and the mild cases are
those 1 which 1nsulin treatment 15 not necessary ~ The severe cases correspond to
those classified by Himsworth (1949) as insulin sensitive and by Lawrence (1951)
as wnsulin deficient The mild obese cases correspond to those described by
Himsworth as msulin msensitive and by Lawrence as lipoplethoric  The present
classification 1s preferred since 1t avoids references to msuhn sensitvity and to
aetiology which are in many cases unknown

The pancreas and dabetes

Two hormones of sigmificance 1n diabetes have so far been produced from the
pancreas  These hormones insulin and glucagon have been 1solated 1n pure form

59



ENDOCRINE FACTORS IN THE SYNDROME OF DIABETES MELLITUS

and their chemical structure 1s now known (insulin—Ryle ef al 1955 glucagon—
Bromer ef al 1956)  Insulin has been 1solated only from the pancreas (Best
Jepheott and Scott 1932) but glucagon may occur 1n certain parts of the alimentary
tract as well as in the pancreas (Sutherland ef 2/  1949)

INSULIN

The significance of msulin 1n diab needs no sut 1on and all forms of the
disorder can be attributed to deficiency of msulin action It may anse i four
ways  from defective secretron of insulin by the pancreatc 1slets from excessive
1nactivation of nsultn from humoral antagonism to insulin action and from some
mherent abnormality of cellular metabolism so that the cell 1s no longer capable of
responding to insulin  The last possibility 1s of purely theoretical interest at the
present time but the other mechanisms have all been implicated n the drabetic
syndrome

An analysis must therefore include esttrmates of the rates of secretion and
mactivation of insulin - The evidence on these points has been derived from studies
of the histology and insulin content of the pancreas the blood level of msulin
activity, the rate of degradation of labelled msulin and from observations on the
chnical features and insulin sensitivity of different forms of drabetes

Histology and msulin content of the pancreas

A number of histological changes have been noted 1n the pancreatic islets in
human and experimental forms of diabetes  These include atrophy hypertrophy
degranulation and hydropic degeneration of the S cells and hyalimzation fibrosis
and thickening of the basement membrane 1n the pancreatic slets Hydropic
degeneration would appear to be due to infiltration of the pancreatic islets with
glycogen (Toreson 1950) The recent studies of Hartroft and Wrenshall (1955)
suggest that the B cell granules may represent or contain stored msulin They have
compared the index of 8 cell granulation and msulin extractable from the pancreas
1n 80 diabetic and 86 non diabetic patients  Statistical analysis of their results
appears to show conclusively that there 1s a direct correlation between the extract
able msulin of the pancreas and the index of B cell granulation  Hartroft and
Wrenshall consider also that some of the insulin may be present m the form of
submicroscopic granules and that the proportion of this may be increased in the
drabetic pancreas

The only histological change which has been shown to be of functional sigmfi
cance 1n dabetes 1s 8 cell degranulation Richardson and Young (1948) sectioned
the whole pancreas from a cat which had recovered spontaneously from meta
hypopt 1 diabet Histol le failed to reveal a single normal
Bcell yet despite the gross histological changes i the islets the animal was not
drabetic  Hartroft (1956) emphasized that the pancreatic 1slets may be normal in
cases of human diabetes and that d d by d 1
of the B cells was only found 1n 5-15 per cent of adult diabetics and hyalinization
with or without fibrosis and basement membrane thickeming 11 25-40 per cent
The vast majonty of juvemle diabetics (in which the onset of diabetes occurs
belore 17 years of age) showed extensive degranulation of the B cells
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Islet ussue in diabetie subjects

Maclean and Ogtlvie (1955) estmated the quanuty of slet tissue in diabetic
subjects 1n which the pancreatic islets did not exhibit hyalimzation or significant
fibrosis The proportion of 8 cells in the islets was reduced in diabetics of all ages
but most severely when diabetes appeared duning the growing period  In the latter
group the weight of the pancreas the number of islets per pancreas and the pro
portion of 1slet tissue were also reduced

Lower extractable wsulin in dabencs

Wrenshall Bogoch and Ritchie (1952) assessed the extractable insulin content
of the pancreas 1n 213 human subjects of which 64 were diabetic control expen
ments sugpested that the nsulin content did not alter 1n the penod between death
and removal of the p The ble insulin 1n the diab as a group
was much lower than 1n the non diabetics dying from the same cause and 1t was
also very low 1n growth onset diabetics (onset before 17 years of age) but rose in
those of matunity onset to a maximum level of one half that of the non diabetic
controls  E: ble msubin was 1y low alter death 1n diabetic coma
The cases classified by these authors as growth onset or as maturty onset would
presumably correspond to those cases classified here as severe or as mild essentral
diabetes

The relationship between the insulin content the histology of the pancreas and
1ts capacity to secrete msulin has yet to be established  The insulin content of the
pancreas will be determuned by the rates of formation and secretion of insulin

Tnsulin content of blood plasma

The information about diabetes so far obtamed from estimations of nsulin
activity* 1n blood plasma 1s limited and 1 The method lable for
its assay are nerther sufficiently accurate nor specific to provide an acceptable
estimate of the insulin content of the plasma Moreover even if 1t could be
measured the level in the plasma would not provide an estimate of the rate of
secretion for the level of insulin 1n the blood 1s regulated both by rate of secretion
and the rate of removal by the tissues

The activity of nsulin which may involve binding by tissues on which 1t acts
{Stadie 1954) would appear to depend upon 1its concentration 1n blood or extra
cellular imd  Thus diabetes associated with a fall i plasma msulin would 1ndicate
msulin deficiency whilst diabetes with normal or ncreased Ievels would indicate
inhuibition of msulin action

A number of methods are now available for the detection and assay of minute
amounts of insulin Some of these methods have been shown by statistically
controlled investigation to ment the dignity of the term assay but only with pure
msulin  Not one of these methods has been shown to be capable of estimating
accurately the mnsulin content of crude preparations of the hormone or of blood
plasma

The requirements of a bio assay for the estimation of a hormone biologieal
flmds have been discussed by Segaloff (1953) He suggested that such an assay

The term wsulin acpivity refers to the amount of mnsulin producing an effect equivale
that of a given volume of plasma n the b0 assay without prejudice as to whether lheqeﬂ'm ?I‘ll!ta:
plasma 1s due solely to insulin
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procedure must be specific reproducible from laboratory to laboratory sensitise
statsstically sound simple rapid and mexpensive  In Table I these criteria are
applied to existing methods for the assay of 1nsulin activity m blood plasma

TABLE I

EVALUATION OF METHODS FOR THE ASSAY OF INSULIN ACTIVITY IN
BLOOD PLASMA!

Sensity
vity mully | Statisti | Sunple
Method based on | Specifid X722 | uruts (1 |~ cally | dnex Author
Y mulhunst | sound | rapid | PPV
wmt
(@) l;]ood sugar response|
ol
Adrenodemedullated | Not | Not 1 Not No No Gellhorn eral
hypophysectomezed | known | known known (1931)
rats
Adrenodemedullated | Not Not | 0125 Not No No Anderson e! o/
lloxan diabetichypo { known | known known (1947
physectomized rats
Alloxan diabetc No No 005 Not No No Bornstein
hypophysectomized known {1950)
adrenalectomized
rats
Alloxan drabetic Not Not | 001 Not No No Yenerman ef
hypophysectomized | known | known known al (1953)
mice
Alloxan dabetic Not Yes | 2-3 Not No No Beigelman et
hypophysectomized | known known ol (1956)
rats Randle (un
published
data)
(§) Uptake of glucose| No No § Q005 | Yes Yes Yes | Groen et al
:’n nt;o by 1solated rat v (]:9:2 owen
‘allal
aphragm 0ol ‘and Hurlock
(1954)
Randle (1954b
010 =020- 1955 1956}
040°
i act |ylfn|o|he 1 1k fonofp! ma thebo- sywtho tprey de  stowheth

T termin
th fectisd & solely to bl m
eprod cbl fon labo tory | §bo tory
Amid ofpe ne¥ € dd U ofpo 1 b tege nt
ipof & Al

Only two of these have so far been applied to the 1nsulin activity of blood plasma
1n drabetes (1) the blood sugar response of alloxan diabetic hypophysectomized

adrenalectomized rats (ADHA rats) and (2) the uptake of glucose i vitro by the
isolated rat diaphragm  Discusston will be restricted to these two methods

ADHA rats—blood sugar response
The assay of insulin by ADHA rats was based upon the fall of blood sugar level
over a period of one hour foll b of sulin or plasma
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(Bornstein 1950) A full statsstical appraisal of the method has not been published
though the blood sugar response was shown to bear a linear relation to log dose

It was sard to detect as hittle as 0 05 mU* of msulin

The method was applied to the tnsulin activity of plasma from normal or diabetic
subjects by Bornsten (1950) Bornstein and Trewhella (1950 1951) and Bornstein

TABLE 1L
INSULIN ACTIVITY OF PLASMA TROM NORMAL AND DIABETIC PATIENTS

Plasma insultn actonty

Type of panient | mullunits snsulin'ml of Assay Author
plasma (1} mifiumt =
. 10 % umt)
i
Normal {0 10 (fasting) ADHA rat Bornstein (1950)
| 034 (after glucose
2-2} hours)
010-3 Rat diaphragm ‘ w :lllgggnnds and Groen
| 001-0 10 (fasting) | Rat diaphragm ' Vallance Owen  and
10 10-0 80 after glu Hurlock (1954)
cose 1 hour) |
1-0 (after glucose | Rat diaphragm Randle (1954b)
2-7} hours) ‘
0-01-10 Rat diaphragm Gray C H (personal
| communication)
Essential drabetes
Severe |
untreated None detected ADHA rat Bornstein and Tre
treated 022 whella (1950)
Barmstein and  Law
rence (1951a and b)
untreated or Norma lesel Rat diaphragm oen et al (1952)

treated

poorly controfled
with insulin
well controlled
Mild obese

Acromegaly
Duabetic treated
with nsulin or
non drabetie

None detected
010
022

i ‘Normal evel

003-0 50 (fasting)
020-0 80 (after gl
cose 1 hour)

None  ditected —
plasma contamned
hyperglycaemic

tance
Markedly increased

|

Rat diaphragm

ADHA rat
Rat draphragm

Rat diaphragm

ADHA rat

Rat diaphragm

56)
(unpublished
observations)
Vallance Owen er o/
(195%)

'
Gre
\anll;bmnds and Groen
{ Bornstein _and Law
rence (1951a and b)

W A\l\tbrands and Groen

| 6)

Randle (unpublished

observations)
Vallance Owen et af
{1955)

Bomnste:n and Law
| rence (1951b)
'

Randle (1954b)
Willebrands and Groen

6}
Candela (1956}

* 1 mU = I milwnt = 10 * vmt
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and Lawrence (1951a and b) The msulin activity of plasmr from normal people
was 0 1 mU/ml (fasting) to 0 34 mU/ml (2-2} hours after oral glucose) Plasma
from untreated cases of severe essential diabetes 2-23 hours after oral glucose
lacked nsulin activity whereas plasma from cases treated with msulin showed
approximately two thirds normal msulin activity  Plasma from untreated cases
of mild obese diabetes possessed approximately two thirds normal msulin activity
while plasma from patients with acromegaly and untreated diabetes was found
to rarse the blood sugar level of ADHA rats  Bornstein and Lawrence (1951b)
concluded that cases of essential diabetes could be subdivided imto two groups
with and without available msulin 1n the plasma and that these groups were
1dentical with the two broad groups of drabetics separable on a chinieal basis

Craticism of results —The results obtained with this procedure can be criticized
on several grounds The assay procedure can only be regarded as qualitative
since standard doses of insulin were not included 1n the assays of plasma mnsulin
actwity The specificity of the blood sugar response of ADHA rats when
used to assay msulin 1n plasma was not established either by multi dose assays
or by a full study of possible interfering factors Plasma from acromegahc patients
with diabetes had a hyperglycaemic effect in ADHA rats whereas plasma from
severe cases of essential diabetes 1n addition to being devord of insulin acttvity
was capable of rendering them resistant to the action of insulin 1n a subsequent
test It s to be inferred from these observations that the plasma of some of
these diabetic patients contained factors capable of antagonizing the action of
insulin 1n the ADHA rat and that therefore the ADHA rat assay as used by
Bornstemn and his colleagues does not necessartly measure the mnsulin content
of plasma This latter point was emphasized by Bornstein and Lawrence who
were careful to draw conclusions only about the available mnsulin content of
plasma The principal results obtamed by Bornstemn and his colleagues are
summarzed 1n Table IT

These mteresting results obtamed with the ADHA rat have yet to be confirmed
Several mnvestigators have attempted to develop the ADHA rat assay but without
success finding the animals too delicate for assay purposes (Peden 1955 Salter
and Best cited by Peden 1955 Gray personal communication and Randle
unpublished observations)

Uptake of glucose by isolated rat diaphragm

The second method of assay which has been applied to the nsulin actvity of
diabetic plasma 1s based on the glucose uptake of 1solated rat diaphragm (Groen
hamminga Willebrands and Blickman 1951 Vallance Owen and Hurlock
1954 Randle 1954b 1955) A statistical apprassal of this method recently
published shows that a straight line assay for msulin can be based upon the
uptake of glucose i wtro by the isolated rat diaphragm  The precision of the
assay was not very great (Randle 1956b)

The results of assays of insulin actvity n plasma from normal people and
from diabetics are summarized n Table II and show that those from normal
human plasma vary considerably Values have been obtamned rangmng from 0 ! to
0 8 mU/ml (Vallance Owen and Hurlock 1954) 0 1 to 3 mU/ml (Willebrands and
Groen 1956) 1 to 20 mU/ml (Randle 1954 and unpublished observations) and
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001 to 10 mUjmi (Gray—personal commumecation)  the reason for these discre
pancies (s ot apparent

As tepards the results 1 diabetscs Groen ef of (1952) found that the plasma from
patients with severe diabetic adosis was devard of msulin actvity whereas the
plasma from other types of diabetic whether severe or ruld treated or untreated
possessed essentially normal msubin activity  Simular results have been obtaned
by Randic {enpublished otservatsons)  Vattance Owen Hurlock and Please {1955)
claimed that plasma from severe essential diabetics treated with mnsulin was devord
of snsultn actsvaty 1f the patients were poorly controlled at the time when the bloed
was collected but that st possessed essentially normal activaty if the patisnts were
well controlled  In mild obese drabetics in the fasting state  plasma insulin activity
appeared 1o be preater than normat but fanled 1o tise after oral glucose  This was
1n contrast to the normal subyect snwhom plasma msulin activity showed 2 marked
werease after ghucose (Vallance Owen and Hurlock 1954 Vallance Owen 1956y

Plasma msuhin activity it acromegaly

Randle (1954a 1955) observed a marked mncrease of plasma msulin actvaty m
acromepaly even when it was associated with diabetes which had been treated with
nsulin and this observation has been confirmed by Willebrands and Groen (1956)
and by Candela (1956)  In keeping with this Randle and Young (1956) Tound
m the mtact cat that treatment with growth hormone for severat days led to
marked increase i1n the nsuhn activity of the plasma  In the depancreatized cat
recersing insubin treatment vath growih hormone only led to an increase 1 plasma
msulir activity when the daiy dose of insuhin was ncreased duning the period of
treatment  Randle and Young concluded that treatment with growth hormone
1n the intact cat feads to an mncrease i the plasma level of wsubin and to anmmereased
rate of msubin secretion and suggested that the enhanced plasma wsulin actvity
1 acromegaly might also refiect an wcreased rate of smsulm secretion brought
about by growth hormone They h that these concl were drawn
from a comparsen of the effects of growth hosmone treatment on plasma syl
activity i normal and depancreatized cats and that they were mdependent of

i concerning the sp y of the assay procedure

Insulin plasma effect on glucose uptahe

The speaifiaty of the tat diaphropm assay for snsulin i plasma leaves much to
be desired  The belief that the stimulating effect of plasma from normal animals
upon ghicose uptake 1s due solely to the action of msubn i the plasma rests upon
the obsesvation that plasma from depancreatized ammats deprived of sulin 15
devord of stmulating actinty (Groen ef al 1952 Randle 19562 Vallance
Owen 1956) However this evidence is suspect smce substances with iphubitoty
actinity towards the uptake of glucose or to the response to mnsultn of the tsolated
1a1 diaphragm have been idennfied 15 the plasma of severely diabetic ammals
mncluding alloxan diabetic rats {Bornstein and Park 1953 Randie 1955) meta
hypophyseal diabetic cats (Rapdle and Younp 1956) severe cases of essential
diabetes m man (Valtance Owen Hurlock and Please 1955) and depancreatized
cast (Vallance Owen 1956) Four point assays with msulin angd with plasma from
normal people normal rats and acromegalic patients hawe revealed sipmficant
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differences between the slopes of regression hines for nsultn and for plasma (Randle
unpublished observations)  The widely differing values which have been reported
for nsulin actity of normal human plasma (see Table II) also cast doubt upon
the specificity of the method The concluston must be drawn that the rat dia

phragm assay does not provide a specific estimate of the insulin content of plasma
Whether the insulin hke action of plasma upon the uptake of glucose by the 1solated
rat diaphragm 1s due principally to an action of msultn 1n the plasma or to a non

spectfic effect of plasma protein as Bornstein and Park (1953) have suggested

remans to be established In the authors view an approach most hikely to
provide an accurate estimate of the content of the plasma msulin has recently been
provided by Weitze and Hapedorn (1954) and Beigelman et af (1956) These
authors attempted partial punfication of imnsuhn 1n plasma prior to assay by
acid alcohol extraction (Weitze and Hagedorn 1954) or by plasma proten
fractionation (Beigelman ef gl 1956)

Classificatton of diabetes on msulin sensttivity

Himsworth (1949) suggested on the basis of a study of climical features and
sensitivity to nsulin that the form of diabetes classified here as severe essential
diabetes results from deficiency of insulin whereas the form classified as mild obese
essential diabetes results from factors other than deficiency of msulin  Lawrence
(1951) emphasized this view of the actiology of human diabetes and suggested that
severe cases of I diat 1l bsolute defi of

may € exhibit
msulin  the msulin content of the pancreas in these two types of diabetic would
lend support to this view  Within the mits of the experimental technique dis
cussed above estimations of plasma msubin actvity by means of the ADHA rat
assay are also 1n keeping with this view  On the other hand studies with the rat
diaphragm technique have failed to provide clear evidence either for or against
for snsulin activity has been detected 1n the plasma from both types of case
Although Vallance Owen ez af (1955) failed to detect msulin activity 1n the plasma
of poorly controlled essential diabetics treated with msulin their results do not
indicate that the plasma lacked 1nsulin for they demonstrated the presence of a
factor which prevented the action of msulin

Inactivatron of yusulin
The components of a system which regulates the mactuvation of insuln have
been described by Mirsky er al (1956) in a Jong senes of papers  They
comprse an enzyme or enzyme system which mnactivates insulin (insulinase) and a
factor which inhubits insulin (insul hibitor)  The activity of
il has been d d 1 tissue extracts or slices by 11s abibty 10 rendes
1nsuln biologically inert (Mirsky and Broh kahn 1949 Tomizawa et al 1954)
and to release 3 from the protemn bound form with insubn Iabelled with 1
(Mirsky Pensuttr and Dixon 1954 1955 Tonuzawa et al 1954) Insulinase
has the properties of an enzyme or enzyme system (Mirshy ef al 1954) and
appears to be proteolytic (Vaughan 1954 Tomizawa et al 1955) while its partial
punfication has also been acheved (Vaughan 1954)  Mursky ef al (1955) believe
that 1nsulmase 1s specific for the breakdown of insulin whereas Tomizawa and
Williams (1955) claim that « corticotrophin casein glucagon and growth hormone
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are also attacked  The actvaty of insul has been d d 1n extracts of
many tssues  In the tat liver and hidney showed the greatest insulinase activity
while none could be detected 1n the brain  some activity was demonstrable 1n
skeletal muscle (Mirsky and Broh Kahn 1949)

3] fabelled insulin

The degradation and distribution of insulin 17 00 has been studied by many
workers using nsulin labelled radioactively with 31 The proportions of 31
1 the supernatant {non protein bound) and precipitate (protein bound) after the
treatment of blood or tissues with trichloracetic acid have been used as an index
of msulin degradation The objection to the use of ' labelled msulin on the
grounds that 1t may not be fully active physiologically and that it may be biologt
cally distingmishable from unlabelled insulin has to some extent been overcome
by the observation that the admumstration of ualabelled insulin wall reduce the
rate of breakdown of labelled insulin  In the rat and dog labelled insulin after
administration 1s especially found 1n the Jiver and kidney hittle or none 1s found
m the brain whilst muscle exhibits intermediate activity (Haugaard Vaughan
Haugaard and Stadie 1954 Elgee Wilhams and Lee 1954)  The latter authors
found a somewhat similar distribution of 331] labelled msulin it man  The distrt

foll

bution of rad g the of labelled insulin corresponds
closely to that of insulinase activity  In rats the tugh content of radioactivity m
the kidney 15 d with the of labelled degrad products of

insulin m the unne (Haugaard ef @/ 1954) while nephrectomy or hepatectomy
leads to a reduced rate of degradation of labelled tnsubin (Elgee and Williams
1954)

An msulinase inhibitor has been dentified 1n hiver and other tissues of the rat
by Mirsky Simkin and Broh hahn (1950)  The actvity of this wnhubitor which
appears to be competitive 1n nature _has been demonstrated /1 viio and 1 vitro
(Mursky Simkin and Broh Kahn 1950 Mirsky and Perisutu 1955)

In a preliminary account of the activity of insulinase in liver obtamed at biopsy
from diabetic pattents Mirsky (1956) stated that 1t was significant that greater
msubinase activity was detected 1n hver samples from diabetic patients than 1n
samples from non diabetic controls

Welsh et al {1955 1956) studed the degradation of @[ labelled insulin 1n
drabetic and noa diabetic patients They found that following the administration
m viro of 911 labelled ssulm the **' persists in protemn bound form m the plasma
from diabetic patients for a longer period than n the plasma from non diabetic
controls Similar observations were made when ! labelled 1nsulin was added to
normal and diabetic plasma i vitre When liver shices or diaphragms from rats
were mncubated with 11 labelled 1nsulin i vitro i the presence of diabetic serum
less labelled tnsulin was bound by the tissue than with normal serum  They

Tuded that the disapp of nsulin from the plasma and 1ts degradation
by tissues may be delayed in diabetes and that the plasma may contain some factor
capable of binding insulin and preventing its uptake by the tissues 1t 15 to be
mferred from this observation that the increased activity of mnsulinase 1n diabetic
lver 1 witro and as noted by Mirsky 1s not necessanly accompanied by an
enhanced rate of destruction of 1nsuka i1 vivo
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Antidiabetic sulphonamde derivatives m relation fo sulin

Janbon Lazerges and Metropolitanski (1942) reported that p amuno sulphona
mudo 1sopropyl thiodtazole was hypoglycaemic 1n man and 1 experimental
ammals  In recent years great interest in this and other sulphonamide derivatives
has been aroused by reports of their effectiveness i controlling the symptoms of
some cases of diabetes (Franke and Fuchs 1955 Bertram Bendfeldt and Otto
1955 and also Reports 1956)

Sulph de der hich will be referred to collectively as such and
not by individual names—would appear to be effective only 1 those dabetics in
which insulin treatment 1s not essential to prevent ketosis

Three theories have been propounded to explain the hypoglycaemc and antt
diabetic actvity of sulphonamide dertvatives Loubatieres (1946) believed that
they act by stimulating the release of insulin from the pancreatic sslets but Holt
et al {1954) believed that they act by destroying the « cells of the pancreatic 1slets
and so d lucag rod and secretion Mirsky et al (1956)
reported that sulphonamide derivatives administered to rats depressed the activity
of liver insulinase and they further observed inhibition of insulinase acuvity m
rat hiver extracts when sulphonamide dervatives were added w viro The con
centration of sulphonamide dertvative needed to demonstrate inhibition of mnsult
nase i vitro was however much greater than that found 1n the blood of animals
exhuibiting hypoglycaemia  Furthermore the dose of sulphonamide dernative
required to produce « cell necrosis (Holt er af  1954) was greater than that needed
to provoke hypoglycaemua or to control diabetes The mechamsm of the hypo
glycaemic and antidiabetic action of sulphonamide derivatives 15 thus not yet
established, but at the present time the most likely mechanisms would appear to
be by stimulation of 1nsulin secretion or tnhibition of nsulin destruction or both

Wrenshall and Best (1956) remarked upon the basic stmlarities 1n pattern
between the presence or absence of appreciable quantities of extractable 1nsubin
i the pancreas at autopsy in their groups of cases of human dubetes and the

it or 1nefle of antid pt 1n the cases of other
workers Taken 1n conjunction these observations imply that antidiabetic
sulphonamude denvatives are effective only 1n those cases m which apprectable
quantities of endogenous msulin are available that 1s sn muld essential diabeles
In such t Iph de dernatves might act by stimu
lating 1nsulin secretion by inhuibiting nsulin destruction (spanmg msuhin) or by some
other mechanism  Thus no conclusions about diabetic aetiology can at present
be drawn from studies with antidiabetic sulphonamude dernvatives though they
may prove a most useful tool when their mechanism of action 1s known

Summary

The evidence summarized suggests a number of steps 1n the metabolism of
1nsulin and these are represented dragrammatically 1n Table 11T Theoretically
interference with the metabolism of mnsulin at any of these stages could lead llo
diabetes mellitus  So far only the msulin content of the pancreas the msulin
activity of blood plasma_the rate of degradation and binding of insulin have been
studied at all in human diabetes
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TABLE 11L
INSULIN METABOLISM

B cells of pancreatic islets Synthests of wasulin

Tnsuhn storage (8 ol granules)

\ INSULIN
i SECRETION

. Bound form
= of plasma inselin
1

INSULIN

t  BINDING
Tissues !

Blood plasma

Inactivation or

Tosulin "" tissues degradation of nsulin

Tosulin ackion

The enclosed features of msultn metabolism represent those which have been studied 1 human
diabetes

GLUCAGON

The 1dea that the pancreas might secrete a substance capable of intensifying the
dhabetic state origmated in the observation that the insulin requirements of alloxan
diabetic and metahypophyseal diabetic ammals were reduced by total pancreatec
tomy (Thorogood and Zimmerman 1945 Marks and Young 1939) This

may be identified with gh the hyperglycaemic glycogenolytic
factor of the pancreas  Mursky (1952) however believes that in alloxan diabetes
the reduced insulin req after p result from protein

absotption In the rat and dog a diabetogenic effect of glucagon has recently been
reported by Davidson Salter and Best (1956) though large doses were apparently
necessary

In man insubn req after total t ly less
than those of many cases of severe tsscnhal diabetes and fmm this 1t mlght be
inferred that the p secretes a ying human diabetes  There

15 however no convmcmg demonstration tha( 1n human diabetics under controlled
conditions of food mtake pancreatectomy Jeads to a reduced insulin requirement

Kenny (1955) determined the glucagon content of the pancreas in diabetic and
non diabetic pattents at autopsy and found no abnormality in diabetes  Bornstemn
and Trewhella (1951) and Bornstem and Lawrence (1951b) detected a hypergly
caemic factor in the blood of acromegalic patients while Bornstein Reid and
Young (1951) dentified  hvperglveaemic activity  1n blood from the portal vein
of cats made diabetic by treatment with growth hormone  This hyperglycaemic
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Antidiabetic sulphonamide derivatives n relatton to wnsulin

Janbon Lazerges and Metropohtanshi (1942) reported that p amino sulphona
mudo 1sopropyl thiodiazole was hypoglycaerme 1 man and m experimental
ammals  In recent years great interest 1n this and other sulphonamide dervatives
has been aroused by reports of their effectiveness 1 controlling the symptoms of
some cases of diabetes (Franke and Fuchs 1955 Bertram Bendfeldt and Otto
1955 and also Reports 1956)

Iphonamide derivaty hich will be referred to collectively as such and
not by mdividual names—would appear to be effective only 1n those dabetics 1
which nsuhin treatment 1s not essential to prevent ketosis

Three theortes have been propounded to explan the hypoglycaemue and anti
drabetic activity of sulphonamide dertvatives Loubatieres (1946) believed that
they act by stimulatmg the release of msulin from the pancreatic islets but Holt
et al (1954) believed that they act by destroying the « cells of the pancreatic islets
and so d g gl prod and secretion Mirsky et al (1936)
reported that sulphonamide derivatives administered to rats depressed the activity
of liver msulinase and they further observed mhibition of insulinase activity 1
rat liver extracts when sulphonamde derivatives were added i virro The con
centration of sulphonamide dersvative needed to demonstrate mhibstton of msult
nase m viro was however much greater than that found n the blood of ammals
exlubiting hypoglycaemia  Furthermore the dose of sulphonamide denvatne
required to produce « cell necrosis (Holt ef g/ 1954) was greater than that necded
to provoke hypoglycaema or to control diabetes The mechanism of the hypo
glycaemic and antidiabetic action of sulphonamide derwvatives 1s thus not yet
established but at the present time the most likely mechamisms would appear to
be by stimulation of mnsulin secretion or nhibition of nsulin destruction or both

Wrenshall and Best (1956) remarked upon the basic stmlanties in pattern
between the presence or absence of appreciable quantities of extractable insulin
1 the pancreas at autopsy 1n their groups of cases of human diabetes and the
effectiveness or ineffectiveness of antidiabetic sulphonamudes i the cases of other
workers Taken in conjunction these observations mply that antidiabetic
sulphonamide dernvatives are effective only 1n those cases in which appreciable

of end

nsulin are lable that 1s 1n mld essentral diabetes
In such antidrat Ipt de dernivatives might act by stimu
lating insulin secretion by inhibiting insuln destruction (sparing insulin) or by some
other mechamism  Thus no conclusions about diabetic actiology can at present
be drawn from studies with antidiabetic sulphonamide dernatives though they
may prove a most useful tool when their mechanism of action 1s known

Summary

The evidence summarnized suggests a number of steps in the metabolism of
nsulin and these are Tepresented diagrammatically 1n Table T Theoretically
interference with the metabolism of insulin at any of these stages could lead to
diabetes mellitus  So far only the msulin content of the pancreas the tnsulin
activity of blood plasma_the rate of degradation and binding of insulin have been
studied at all in human drabetes
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for age at the time of the onset of their diabetes The possibility that hypersecretion
of growth hormone might be responsible both for over rapid rate of growth and
onset of diabetes 15 one for d This expl however scems
unlikely for Young (1944) found that crude preparations of growth hormone
which were diabetogenic 1n the adult cat and dog did not induce diabetes 1n the
kitten or puppy Furthermore pituitary gigantism unlike acromegaly 15 smid
not to be d with an d merd; of diabetes

(2) Miller Hurwitz and Kuder (1944) reported that mothers who give birth to
abnormally large offspring show an increased cidence of diabetes in later life
1t has been suggested that the abnormally large offspring and subsequent onset
of diabetes are due to hypersecretion of pituitary growth hormone during preg
nancy More recently Abaza Varroud Vial and Rombauts (1953) described a
condition which they have named Syndrome de Young n which maternal
obesity and hyperlactation are associated with abnormally large offspring and the
development of diabetes Tn 1949 Cotesef al discussed the increase of milk yield
under certan conditions through the action of growth hormone and 1t has been

d thatth d 1sa of hyp 1on of growth hormone
during pregnancy and lactation  Jackson (1954) on the other hand has observed
that the offspring born to acromegalic mothers are not abnormally large  Further
more he believes that the fathers of abnormally large offspring are more prone to
develop diabetes in later ife  He constders that hypersecretion of growth hormone
18 unlikely to account for the abnormally large offspring and the late onset of
diabetes 1 the mother 1n such cases  In the rat treatment with purified growth
hormone has yet to be shown to increase litter size (Cotes 1954)

Procedures for the assay of growth hormone activity 1n blood have been described
by Segalofl (1955) and Gemzell Heykenskjold and Strom (1955) They have
yet to be shown to be specific and have not so far been applied to a study of
blood levels of growth hormone 1n human diabetics  On the other hand increased
blood levels of growth hormone activity have been noted 1n pregnant rats (Conto
poulos and Simpson 1956)

Summary

Growth hormone has yet to be sertously implicated as a factor of prime import
ance 1n the onset of essential diabetes  Nevertheless although hypersecretion of
growth hormone may not be responsible for the abnormally large offspring born

to p 1c mothers the remains that 1t may occur during pregnancy
and be a factor n the subsequent onset of diabetes

THE ADRENAL CORTEX AND DIABETES

A drabetogenic effect from the therapeutic use of cortisone and of corticotrophin
has been demonstrated i man (Conn 1950 Bishop and Glynn 1952 Cohn and
Kolinsky 1953 Bookmaneral 1953) In the vast majonty of cases the diabetes
was only temporary though permanent diabetes drd follow the administration of
corticotrophin 1n the case described by Bishop and Glynn A sigmificant loss of
sensitivity to msukin has been noted by Zimmerman Parrish and Alpert (1953) in
4 of 17 patients treated with corticotrophin  These observations are 1 keeping
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activity may well be glucagon though Sirek and Best (1956) obtained evidence
which suggested that the hyperglycaemic activity noted by Bornstein Reid and
Young may have been due to an adrenergic substance and not glucagon

THE PITUITARY GLAND AND DIABETES

Three piturtary hormones—growth hormone prolactin and corticotrophtn—have
been shown 10 possess diabetogenic activity 1n expenmental ammals (Cotes Retd
and Young 1949 Houssay ezal 1955 Ingle Liand Evans 1946) This activity
mcludes the ability to reduce sensitivity to msulin n normal and hypophysecto
mized ammals (de Bodo and Altszuler 1955 Young 1936) Little 1s known of
the importance of prolactin 1n human diabetes while corticotrophin will be
considered 1n connexion with the adrenal cortex

Hypophysectomy and intensity of human diabetes

The tnvestigations of Houssay and his colleagues between 1924 and 1932 showed
conclusively that removal of the pitustary or 1ts anterior lobe ncreases sensitivity
to insulin 1n 1ntact amimals and ameliorates the diab: of totally dep: d
ammals  The hypersensitivity to msuln and amelioration of diabetes i patients
mn whom panhypopiturtarism develops and coexists with diabetes suggests a similar
role for the pitmtary gland 1n human beings Recent observations in drabetic
patients following hypophysectomy have amply confirmed this  Thus Luft ef af
(1955) and Kinsell Lawrence and Weyland (1956) noted a substantial reduction
1n 1nsultn requirements 1n diabetics submitted to surgical hypophysectomy — This
effect of hypophysectomy would appear to be due to deprivation of corticotrophin
thyrotrophin and growth hormone It 1s well established that hypocorttco
adrenalism and hypothyroidism 1n association with diabetes may lead to ncreased
sensttwvity to wsulin and reduced insulin requirements  However reduced actiity
of the thyroid and adrenal cortex after hypophysectomy can only account for 2
small part of the change 1n the diabetic state  Thus both groups of authurj
have noted substantially reduced msuln req m hypophy
diabetics even after treatment with thyrord cortisone and testosterone of
oestrogen It would seem reasonable to attribute this residual effect of hypophysec
tomy to the absence of pitwitary growth hormone

Growth hormone and essential diabetes

The mcreased incidence of diabetes 1 acromegaly associated 1n many instances
only with the active phase of the disorder leaves little room for doubt that growth
hormone 1s diab mman A g d of the diab
action of ox growth or pig growth hormone in man has not yet been reported
but this 1s likely to be due to species differences n growth hormone (Kinsell 1955
Shorr et al 1955 Wilhelmn 1955 Knobil 1955 Knobil and Greep 1956)

The possibility that a pituitary factor now to be identified as growth hormone
mught be responsible for the onset of cases of essential drabetes has excited comment
ever since Young (1937) demonstrated that permanent drabetes could be produced
1n dogs by a short pcrmil of }t‘rcatmcn:) Ivvnh anterror pituitary extract Two

have suggested such a posstbility
Ob(sl:)“\:;;:?cs (1939) gﬁ:‘porlcd that many diabetic children were over height
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COMPLICATIONS OF DIABETES MELLITUS
Retinal and renal lesions

The coeuistence of retmopathy and pillary glomeruloscl 15 well
established (Becker ez af  1954) and they may well have a common aetiology
The controlled 1nvestigations of Wilson Root and Marble (1951) and Dunlop
(1954) appear to haie established beyond possible doubt a relationship between
poor control 1n diabetes and the mncidence of comphications It might be inferred
from such an observation that diabetic complications arise from the operation of
say hyperglycaenua but this 1s not necessanly so  There 1s evidence for example

1hat hypoglycaemia eads to reduced sensitivity to insubin (Somogy: 1949) and that
this 15 due to the activity of a humoral factor of pitntary-adrenal onigin (Born

stein 1953 Bornsten and Park 1953) In some cases of poorly controlled
diabetes (brittle diabetics) alternate penods of hypogly and hyper

occur and the latter mught be due to the activity of the humoral factors of pitmitary

adrenal ongin whose release has been stimufated by hypoglycaemia or even by
nsulin in the absence of manifestations of hypoglycaemma

Abuormal hormonal factors
A number of authors have d that the of diabetes may

result from abnormal secretion of hormonal factors by the pitmtary and adrenal
glands  Thus diabetic retinopathy has been observed to appear dunng pregnancy
1 non hypertensive diat and to disappear foll g delivery (Lawrence 1948

Becker 1952) and retinal capillary aneurysms have been observed to appear m
non diabetic patients during intravenous corticotrophin therapy and to disappear
foll 2 of (Naquin ated by Becker ef a! 1954 Rich
{c1ted by Becker ez af 1954) observed intercapillary glomerulosclerosis in a non

diabetic patient g prolonged cor hin therapy At autopsy increased
meidence of abnormalities of the adrenal cortex have been noted 1n diabetics with
ntercapillary glomerulosclerosis It has also been reported that diabetics with
retinopathy have excreted excessive amounts of free oxysteroids in the urine (Becker
et al 1954) There are claims that lesions resembling those of rettnal capillary
aneurysms and imtercapillary glomerulosclerosts may be produced in alloxan

diabetic rabbits by cortisone adminustration (Becker er af  1954) Diabetic
retinopathy has been noted 1n Cushing s syndrome and 1n acromegaly though as

McCullagh and Alvisatos (1956) have diabetic r hy 1s not
more frequent 1n these disorders than in ordinary diabetes

In a case reported by Poulsen (1953) diabetic r P letely di d
following the devel of severe panhyp 1sm  Luft ef al (1955) and

Kinsell ef al (1956) reported on the results of hypophysectomy 1n diabetics with
severe retinal and renal disease  Their experience suggested that hypophysectomy
may arrest the progress of diabetic retinopathy and nephropathy ~ Wortham and
Headstream (1954) carried out bilateral total adrenalectomy m diabetics with
retinopathy and renal disease and noted some 1mprosement following operation

Patterson (1956) believes that diabetic cataract may result from mpatred utihiza
tion of glucose by the lens in diabetes since hugh fat—casein—fructose diets possibly
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with the meidence of diabetes m Cushing s disease and the observaton that if may
disappear foljowmg the removal of an adrenal cortical tumour

Effects of bilateral total adrenalectomy

Wortham and Headstream (1954) Martin and Wilson (1954) Hamwi (1954) and
Conn cited by Kinsell (1955) studied the effects of bilateral total adrenalectomy m
cases of essential diabetes Wortham artd Headstream noted a reduction in
msulin requirements following adrenalectomy but other authors have failed to
detect any change i wmsulin requiwements AN pauents of course recetied
substitution treatment with cortisone or hydrocortisone but Martn and Walson
noted that their insuhn reqrements were governed by the dose of cortisone
The different results can probably be explained on this basis

Addison s disease as a compheation

Addison s disease complicating diabetes 1 known to be associated with
increased sensitivity to insuhn  In terms of hyperglycaemia and glycosuria the
chabetes may retam 1ts former severtty (McCullagh and Alvisatos 1956)

Output of corticosteroids

The uninary excretion of glycogente corticods or corticosteroids 1n well controlled
essential diabetes 1 normal {(Venning and Brawne 1947) or possibly reduced {Talbot
etal 1951} Chow Becher and Sitber (cited by Becker et a/ 1954) noted reduced
urary excretion of axysterowds 1a diabetics without complications but increased
urinary excretion of free oxysteroids mn diabetics with retinopathy ~ McArthur
Sprague and Mason (1950) and Stowers (1951) noted increased cutput of cortica
steroids 1 diabetic acidosis and this 1s rapidly reduced to normal levels with
msulm treatment  Kalant (1955) observed that the increased urmary owtput of
corticosierords 1n the alloxan diabetic rat was not associated with increased pro
duction of corticards by the adrenal glands i vitro and suggested that an increased
urinary output of corticosteroids does not necessanly reflect increased production
by the adrenal corsex It 1s 1p be inferred from this that the mcreased output of
corticosteroids 1n diabetic acidosts Jn man may not reflect ancreased secretion of
adrenal steroids

Glycogenic sterauds, adrenal sterords and hydroxysterords
Venning (1946) observed an mmereased uninary output of glycogeme sterords im
months 1-3 and 4353 of pregnancy while Gemzell (1953) and Bush (1933)
obtamed evidence which suggested that 1n normal pregnancy the levels of 17
hydroxysteroids are increased in peripheral blood Hoet {1954) reviewed the
considerable evidence which smplcates pregmancy as a factor 1w the onset of
tiad diabetes and Jered that the hypersecretion of adrenal steroids during
pregnancy might well play an munp. role The p Iity of hypersecretion
of growth hormone during pregnancy may also be of signuficance 1n this connexion

Suvmmary .
Apart from 1ts possible role m the diabet effect in preg the adrenal
cortex doey not appear (o be a prime factor mn the onset of essential diabetes 1n man
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GENERAL CONCLUSIONS

1t 15 now generally conceded that the vast majonty of cases of severe essential
diabetes lack insulin and that this 1s pnmanly the result of defective production
and secretion by the pancreatic islets  None of the recent work presented here
contradicts this view but 1t should nevertheless be emphasized that this applies
only to established cases of diabetes  We have no explanation as yet of the onset
of diabetes tself or of 1ts d has been p d which
suggests that abnormal activity of the pituttary and adrenal cortex may be operative
n some of the complications but without producing the usual signs of hyperactinity
as seen for example 1n acromegaly or Cushing s disease  The possibility has been
considered that a period of hyperactivity of the pititary or adrenal cortex might
be responsible for the onset of essential diabetes but in the author s optnion the
evidence for this belief does not bear cntical There 1s the p
too that in established diabetes over actvity of the pitustary and adrenal cortex
may be an effect of insulin treatment and not an iherent abnormality of the disease

The principal hindrances to the advance 1n our knowledge of the hormonal
factors 1 the syndrome of diabetes are largely techmical Reliable and specific
methods for the estimation of isulin and tnsulin antagomsts 1n tissues and biolo
gical fluids would help to solve many of the problems  In some instances up to
the present the same procedure has been used to detect insulin activity and 1nsulin
antagomists 1n the same sample of serum It s clear that eusting methods are not
adequate The most frutful approach would appear to lie 1n methods for the
1solation of 1nsulin and nsulin antagontsts from blood prior to assay

Of the mode of onset of diabetes and the factors responsible very little 1s known
In the obese group of diabetics obesity 1tself 1s undoubtedly ol' 1mpcrlance
Heredity has been impl d but an expl. of 1ts mect
terms 1s lacking  There have been suggestions that abnormal metabohtes such as
alloxan or abnormal products of purine metabolism having a toxic action upon the
B cells may be produced in the body and be responsible for the onset of diabetes
but the evidence s largely inferential It 1s clear that information about the onset
of diabetes can only be obtained from a study of the onset of diabetes and at
present we have no information for mstance about the level of blood mnsulin or
insulin antagonists in very early cases of diabetes

In the author s opimion three kines of approach are indicated 1n future research
in diabetes  Furst the development of satisfactory and specific methods for the
estimation of insulin and other hormones 1n the blood to prov1dc mformation
about thesr chermeal form as well as their more }
on the study of the early and the prediabetic patient than on estabhshed cases of
the discase  Lastly renewed efforts should be made to detect substances 1n the
blood or unne of early diabetics which are toxic to the g cells of the pancreatic
islets or capable for example of the activity of il
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providing metabolites which can be utihzed i the absence of nsulin prevented
the appearance of cataracts 1n alloxan diabetic rats {Patterson 1955)

Summary

It would appear that the development of pituitary or adrenal sufficiency may
arrest the progress and possibly even 1mprove retinal and renal complications 1
diabetes  Whether this results from better control of the drabetes effected by the
operation or from removal of some pituitary or adrenal factor with a direct and
harmful influence on the retina or kidney has yet to be established

Insulin resistance

The occastonal occurrence of severe mnsulin r 1 diabetes
the daily administration of several hundred or thousand umts of msulm 15 well
known and may be d with f of allergy The

antigenicity of msulin 1s well established such antibodies are capable of neutra
lizing the action of insuhn and of inducing diabetes (Maloney and Coral 1955)
The serum of patients exhibiting severe insulin resistance has been shown to be
capable of preventing the hypoglycaemic action of insulin (Lowell 1942 Lerman
1944 de Filippis and Ianaccone 1952 Schon et @/  1955) and of preventing the
n vitro action of nsulin on the synthesis of glycogen by thesolated rat diaphragm
(Marsh and Haugaard 1952) This serum anti wnsulin factor has been shown 1n
some 1nstances to have the properties of an antibody (Lerman 1944) and to be
located n the y globulin fraction of the serum (de Filippis and Ianaccone 1952
and Schon ef al 1955) In keeping with this 1s the observation that the insulm
resistance and serum antt insulin factor may disappear following treatment with
corticotrophin (Kleeberg Diengott and Gottfried 1956 Marsh and Haugaard
1952) Lowell (1942) believes that the serum factor responsible for msulin
resistance 1s distinet from that responsible for the of
allergy

Field and Stetten (1956) reported on an msulin antagorst 1n the serum of
patients exiubiting insulin resistance which they believe 1s not an antitbody The
factor which was located 1n the « globulin fraction of the serum prevented an
tn wtro action of msulin upon the synthesis of glycogen by the isolated rat
diaphragm but 1t disappeared rapidly from the serum of insulin resistant drabetics
following vigorous treatment with mmsulin It was devoid of insulinase activity
and as 1t was not present in the serum of patients treated with corticotrophin or
1n the serum of an msulin resistant acromegalic 1t was not likely to indicate actmty
of growth hormone or adrenal steroid

Bornstein and Park (1953) and Bornsten (1953) identified a factor in the serum
of alloxan diabetic rats capable of antagomzing the m wtro action of msulin upon
the uptake of glucose by the 1solated rat diapt They p d evid that
the inhibitor was a lipoprotein and formed from or under the influence of growth
hormone and cortisone  This inhibitor has not been 1dentified 1n the serum of
diabetic patients though 1t has been demonstrated mn that of patients receiving
insulin shock treatment It would appear to be distinct from the msuhin antago
nusts detected in the serum of insulin resistant diabetics
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1t 1s now generally conceded that the vast majonty of cases of severe essential
diabetes lack nsulin and that this 15 primanly the result of defective production
and secretion by the pancreatic 1slets  None of the recent work presented here
contradicts this view but 1t should nevertheless be emphasized that this apples
only to established cases of diabetes  We have no explanation as yet of the onset
of diabetes 1tsell or of its complications  Evidence has been presented which
suggests that abnormal actevity of the pituitary and adrenal cortex may be operative
1n some of the complications but without producing the usual signs of hyperactivity
as seen for example 1n acromegaly or Cushing s disease  The possibility has been
considered that a period of hyperactivity of the pituitary or adrenal cortex might
be responstble for the onset of essential diabetes but in the author s opinion the
evidence for this beliel does not bear critical There s the p 1
too that 1n established diabetes over activity of the pitwitary and adrenal cortex
may be an effect of insulin treatment and not an inherent abnormality of the disease

The principal hindrances to the advance 1n our knowledge of the hormonal
factors 1 the syndrome of diabetes are largely technical  Rehable and specific
methods for the estimation of insulin and insuhin antagonists m tissues and biolo
gical flmds would help to solve many of the problems  In some nstances up to
the present the same procedure has been used to detect insulin activity and mnsulin
antagonists in the same sample of serum It s clear that existing methods are not
adequate The most fruitful approach would appear to lte 1n methods for the
1solation of msulin and msulin antagonists from blood prior to assay

Of the mode of onset of diabetes and the factors responsible very Iittle 1s known
In the obese group of dlabe(ncs obesity itself 15 undoubtediy of 1mportance
Heredity has been d but an of its
terms 1s lacking  There have been suggestions that abnormal metabohtcs such as
alloxan or abnormal products of purine metabolism having a toxic action upon the
B cells may be produced 1n the body and be responsible for the onset of diabetes
but the evidence 1s largely inferential It 1s clear that information about the onset
of diabetes can only be obtaned from a study of the onset of diabetes and at
present we have no information for instance about the level of blood nsulin or
sulin antagonists 1n very early cases of diabetes

In the author s opiion three lines of approach are indicated 1n future research
n diabetes  First the development of satisfactory and specific methods for the
estimation of insulin and other hormones in the blood (o provide information
about their chemical form as well as their more
on the study of the early and the predrabetic patient than on estab]lshcd cases of
the disease  Lastly tenewed efforts should be made to detect substances in the
blood or urine of early diabetics which are toxic to the B cells of the pancreatic
1slets or capable for example of enhancing the activity of insulinase
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CHAPTER 7

ENDOCRINE ASPECTS OF OVERNUTRITION AND
UNDERNUTRITION

G C KENNEDY AND R A McCancE

INTRODUCTION

Te susects of endocrinology and nutrition cannot be adequately studied in
ssolatton  The nutritional state of an ammal affects both the synthesis of hormones
and the response of the tissues to them Conversely a primary change in endocnine
balance may profoundly affect the nutritional state both by 1ts effect on appette
and upon the utiization of food  This 15 obvious 1n the case of thyroid or pan

creatic activity but perhaps less generally appreciated m the case of the pituitary
gland (Samuels 1947 Ingle 1951 Meites 1953) Moreover there is increasing
recogmtion that control of both the intake of food and of some aspects of expen

diture of energy are closely integrated by the hypothalamus with the function of
the anterior pituitary gland and thereby of other endocnine organs

FROHLICH $§ DISEASE AND ITS EXPERIMENTAL ANALOGUES
The experimental approach

The fact that destruction of the pituitary alone was not necessarily followed by
obesity was first clearly demonstrated experimentally by Smith (1927 1930) He
compared the effects of hypophysectomy by the parapharyngeal route which does
not inyure the brmn with destruction of the gland by the injection of chromic acid
which does  Only the second operation produced obesity ~ The region responsible
for the obesity was later 1dentsfied by Hetherington and Ranson (1940) who
placed bilateral electrolytic lesions mn the hypothalamus of rats with an electrode
troduced from above to avord damagng the adjacent pituntary gland  Brobeck
Tepperman and Long (1943) confirmed this work and localized the region more
accurately to the lateral borders of the ventromedial nucle: of the tuber cinereum
The way 1 which hypothalanuc damage leads to obesity may be complex
Hethenington and Ranson observed both an 1ncrease in food intake and a reduction
of activity 10 their ammals and regarded them as of equal importance 1n causing
obesity Brobeck and lus colleagues were more impressed by the hyperphagia
than by the hypomotility and since they made smaller lesions in the bram
attributed the difference to this  We believe that lesions of this part of the hypo
thalamus always affect both appetite and activity (see below) and the different
emphasis placed on the two effects by previous workers was probably due to the
age of the ammals they used  This 15 of much greaterimportance 10 ourexpenicnce
than the size of the lesion 1n the brain  In general the younger the animal the less
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FROHLICH S DISEASE AND ITS EXPERIMENTAL ANALOGUES
The direct effect on growth
Children with Frohlich s disease traditionally fail to grow and it 15 possible to
stmulate this effect 1n weanling rats by hypothalamic lesions without direct inter
ference with the pitwtary for about one third of the ammals upon which we
expenimented at this age became obese but fatled to grow normally (see Fig 2)

Fic 2 —Expenmental production of lesions of
the hypothalamus A companison of a rat with
an unoperated litter mate  In spite of s gross
obesity the operated rat weighed approximately
the same amount as the control rat 1t had not
developed sexuzally and had some features
suchasitsinfantile downy fur which resembled
an hypophysectomzed anmal

Conclusion

This experimental work on Frohlich s disease illustrates the difficulty which Harris
(1955) has emphasized of localizmg centres  1n the hypothalamus devoted to the
control of smgle functions  Although there 15 no doubt that the effect of medial
hypothafamc fe 1ons may 1 some circumstances be chiefly on the intake of food (t s
doubtful whether such an effect can ever be praduced in isolation and probable that
the centre concerned has multiple co-ordinating functions in the intact animal
The suggestion that the animal regulates 1ts output as well as its intake of energy may
seem novel but 1t 15 in fine with recent fedge of the and
effects exerted on other parts of the neryous system by the central reticular substance
at the head of which the hypothalmus stands (Magoun 1950) In the discussion on the
regulation of food intake which follows 1t 13 assumed that the hypothalamic centres
act n concert with other parts of the nervous system and with the endoenine glands

THE REGULATION OF FOOD INTAKE

General principles

There 1s no doubt that hunger s aroused by the contractions of the empty stomach
and that after cating the distension of the viscus 15 1mportant 1n curtaling the
mtake of food (Cannon and Washburn 1915 Caslson 1916 Janowtz and
Hollander 1955) The effect of the latter 1s lable however and readily modified
by the nutnitional state of the whole body  Small ammals like the rat can survive
for a much shorter time than man without food and they show an extraordinary
capacity to - work  for calories A young rat will learn within « few days to
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ENDOCRINE ASPECTS OF OVERNUTRITION AND UNDERNUTRITION

strrking 1s the effect of the hypothalamic operation on appetit on bod: ht
{kennedy 1957a) ppettie or es

Atrophy of the gonads

While working on the relation of diabetes msipidus to the hypothalamus Bailey
and Bremer (1921) noted that two of their dogs became obese These were prob
ably the first pair of obese dogs produced in the laboratory They believed that
the atrophy of the gonads in these ammals was secondary to thetr obesity
Hetherington and Ranson (1942) and Brooks Lambert and Bard (1942) suggested
that the two effects were independent since some hypothalamic lesions appeared
to cause one without the other This was confirmed by Bruce and hennedy (1951}
who described a variety of disturbances of the oestrus rhythm which occurred 1n
association with hypothalamic obesity but were equally common among rats
which fatled to become obese through some maccuracy tn placing the lestons
One of these effects first described by Dey (1943) in the gumea pig and by
Hullarp (1949) 1n the rat has been called constant oestrus by Harrs (1955) since
the rats exhibit persistent vaginal cornificatton It has been suggested that this
1s the result of interference with the secretion of the luteinizing hormone of the
pituitary the follicle stmulating hormone being unaffected In our experience
however such ammals ditd not mate or mated infrequently, and their ovaries
were small The fatlure to mate was not necessanly or entirely due to an ovarian
defect since 1t was frequently observed 1n rats with quite normal ovarian cycles
but reduced locomotor activity following hypothalamic damage It seems probable
that contiguous areas 1 the hypothalamus may be concerned with the endocrine
and the purely motor aspects of mating

Actrvty

Spontaneous running activity 1s usually measured in the laboratory by some
form of treadmill Hypothalamic obesity 15 always accompanied by a great
reduction 1n such activity which 1s evident immedaately after operation before the
animal becomes fat  Brooks (1946) showed that this was at most a contributory
cause of obestty 1n the adult female rat and further found that the degree of inac
tivity was not proportional to the degree of obesity  The rats he studied however
had rregular oestrus cycles and oestrus itself promotes runnmg activity  In male
rats close correlation between hypomotility and obesity can be demonstrated
(kennedy 1955) although n adults the former 1s a much less important cause of
obesity than hyperphagia  the relative importance probably varres with both age
and species The findings of Hetherington and Ranson i young rats have been
mentioned and Mayer (1955a) has shown that mactivity 1s a major factor 1
causing the genetic obesity of mice  Johnson Burke and Mayer (1954) found that
obese Massachusetts schoolgirls ate no more than their fellows but spent an
mordinate amount of time watching television  The importance of mactivity 1n
chinical obesity has been muntmized  most of the books carry statements that
unattatnable levels of exercise are required to burn msignificant amounts of fat
In fact quite moderate exercise such as cycling or brsk walking  costs the
average man S00 calonies an hour (Orr and Leitch 1938 McCance 1953) A
daily error of 500 calones n the regul of energy d if 1t was a
consistent one would lead 1o the accumulation of 20 kilograms of fat in 2 year
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THE REGULATION OF FOOD INTARE

Post prandial fat synthesis

Maver (1955) who accepts the evidence that there 15 2 long term regulation of
energy stores explains thus by the depression of glucose utilization which occurs
when stored fat 1s metabolized  Thus the ammal could distinguish between freshly
absorbed food and reserves and so avord becoming thun  It1s more difficult to see
how 1t could avord becoming fat It 15 true that the post prandial fat synthesis 1s

d with d glucose which at first should produce satety

but this safeguard would become less effective the more 1t was used  Tepperman
Brobeck and Long (1943) showed that rats which over ate either because of
traming or after hypothal P rapidly d their ability to tum
food 1nto fat and consequemly used less carbohydrate post prandially  Further,
Bates Mayer and Nauss (1955) have themselves shown that the fatter an ammat
becomes the more fat 1t mobilizes each day and the more carbohydratest  spares
Both these effects would ensure that once obesity began 1t would continue to
develop at an gver increasing rate

The ¢ hpostatic® theory

The proportion of fat 1n the body of a young rat remasns faurly constant 1o the
absence of hypothalamic damage  Thus mught of course simply be a charactenstic
of growth The disturbance of this steady state of fat stores by hypothalamuc
lesions however has led hennedy (1953) to su.gest that the central hypothalamus
exerts a hipostatic control and that it 1s not directly concerned with all aspects of
appetite regulation but particularly with the long tetm adjustment of intake to
present a plethora of fat - The rat adjusts its intake of food to the varying demands
of activity or environmental temperature which may be considerable so long as
sufficient time 15 allowed for these adjustments  Adaptation s just as rapid and
efficient after an hypothalamic operation as before  Conversely neither the rate
of development nor the degree of obesity 1s affected by such environmentally induced
changesinappetite It has therefore been suggested that the real index of the degree
of & P d by an hypothal lesion 15 the difference
between the new  steady state  of the fat depots in the so-called stauc phase of
obesity and the pre operative level  The disturbance of appetute 1s very vanable
and 1s dependent not only on the factors already mentioned but as we shall show
later on the age of the anmmiat  The afferent pathway for such regulation could be
through the level of some metabolite of fat m the circulation or through the
penpheral nerves

Psychological factors

There are obvious differences between the efficiency with which species such as
the rat and the pig regulate their energy stores and these may reflect differences 1n
hypothalamuc control  Howeser that may be 1t1s clear that the hypothalamus 1s
not the only part of the nervous system concerned 1m the regulation of appetite
The effect of cortical lesions in the production of polyphagia has been mentioned
and 1t 15 probable that 1n a complicated animal hike man psychological factors are
of great smportance 10 determitung the intake of food  In all amimals eating 1s an
wregular actvity  'We tend to think nowadays of the sausfaction of hunger
terms of an individual meal of fairly constant size and 1t 1s clearly only 1 ths
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ENDOCRINE ASPECTS OF OVERNUTRITION AND UNDERNUTRITION

eat a mixture of three parts of powdered kaolin and only one of its usual diet and
so allow the distenston of its gut to four times the usual level (Adolph 1947
Kennedy 1950) This drive to mamtan calorie requirements under the most
unfavourable circumstances and conversely to recognize when sufficient food has
been eaten so preventing excessive stores from accumulating has led to a search
for some intrmsic regulator of appetite  Recent theories have revolved round the
chemical changes which take place nternally after the absorption of food rather
than the mechanical ones which precede and accompany its tngestion  Broadly
speaking there are two possibilities  The animal must either have some mechamsm
for measuring the heat released from food after 1ts ingestion or 1t must react to
the level of some specific constituent of food n 1ts plasma or tissues

The ¢ thermostatic ** theory

Thus has been favoured by Strominger Brobeck and Cort (1953) who claimed
that there was a good correlation between the amount of food eaten m fauly
short term experiments and s specificdynamicactton  Brobeck (1948) summarnized
this pomnt of view thus  animals eat to keep warm and stop eating to prevent
hyperthermmia Ths 1dea 1s supported by the existence 1n the hypothalamus of
thermosensitive regions adjacent to the part concerned 1n the regulation of appetite
(Ranson 1939) but there are difficulties about accepting 1t If thermoregulation
1s the prime consideration diets rich 1n calories but Iow 1n speaific dynanuc action
should cause obesity In fact excesstve consumption of such diets by young rats
1s transient  Ingle (1951) showed that the spontaneous tendency to obesity n
ageing rats could be exaggerated by feeding a semi flud high calorie diet and
severely restricting activity It 1s nevertheless difficult to 1solate any single cause
of such obesity Brobeck s theory also fails to explain how the hypothalamic
receptors could distmguish between the heat released n the specific dynamic action
of a meal and the far greater amount of heat released during muscular exercise
Instead of being interpreted as a signal to eat more the metabolism of exercise
should satisfy hunger A purely thermosensitive control could therefore prevent
neither obesity nor cachexia  Confusion 1s probably due to the different meamngs
attached by physiologists to the term calortes  Although a rat may be said to  eat
forcalories (Adolph 1947) 1t cannot regulate the amount of potenttal chemical
energy stored 1n 1ts depot fat by thermal sensitivity

The * glucostatic ** theory

The possibility of chemrcal regulation of appetite has led Mayer (1952) to advance
the theory that appetite depends on the rate of glucose utthzation by the sensitive
cells  The actuallevel of ghicesein the blood 1s not postulated to affect the receptors
1t may be high asit1s in diabetes but the ammal remains hungry so long as utiliza
tion 1s small  Satiety 1s achieved only when the blood sugar nises sufficiently to
stimulate utilization as ind d by an d arter 1n level
The weak points of this theory have been discussed by Grossman (1955) Mayer
for example has so far been able to measure only the peripheral arteriovenous
differences which do not necessanly reflect the metabolic actvity of bram cells
Nevertheless the finding of Forrsberg and Larrson (1954) that the uptake
of * P by the central hypothalamus differs from that of other parts of the nervous
system suggests that this Ity may tually be
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THE REGULATION OF FOOD INTAKE

Post prandial fat synthesis

Mayer (1955) who accepts the evidence that there 1s a long term regulation of
energy stores explains this by the d of glucose utit which occurs
when stored fat 1s metabolized  Thus the amimal could distinguish between freshly
absorbed food and reserves and so avoid becoming thin 1t 1s more difficult to see
how 1t could avord becomng fat It 1s true that the post prandial fat synthess 1s

d with d glucose util which at first should produce satiety

but this safeguard would become less effective the more 1t was used  Tepperman
Brobeck and Long (1943) showed that rats which over ate either because of
tramung or after hyp i P rapudly d their ability to tum
food 1nto fat and ly used less carbohy post prandially  Further,
Bates Mayer and Nauss (1955) have themselves shown that the fatter an arumal
becomes the more fatit mobilizes each day and the more carbohydrateit  spares
Both these effects would ensure that once obesity began 1t would continue to
develop at an ever increasing rate

The ‘“ hipostatic ’ theory

The proportion of fat in the body of a young rat remams faurly constant 1 the
absence of hypothalamic damage This might of course simply be a charactenistic
of growth  The disturbance of this steady state of fat stares by hypothalamuc
lesions however has led hennedy (1953) to suggest that the central hypothalamus
exerts a lipostatic control and that it 1s not directly concerned wath all aspects of
appetite regulation but particularly with the long term adjustment of intake to
prevent a plethora of fat - The rat adjusts its intake of food to the varying demands
of activity or environmental temperature which may be considerable so long as
sufficient time 1s allowed for these adjustments  Adaptation 1s just as rapid and
effictent after an hypothalamic operation as before  Conversely neither the rate
of development nor the degree of obesity 1s affected by such environmentally induced
changes1n appetite 1t has therefore been suggested that the real index of the degree
of dysfunction p d by an individual hyp il lesion 15 the duffe
between the new  steady state  of the fat depots in the so called static phase of
obesity and the pre operative level The disturbance of appetite 1s very vanable
and 1s dependent not only on the factors already mentioned but as we shall show
later on the age of the amimal The afferent pathway for such regulation could be
through the Jevel of some metabolite of fat 1 the circulation or through the
peripheral nerves

Psychologeal factors

Thete are obvious differences between the effictency wath which species such as
the rat and the pig regulate their energy stores and these may reflect differences in
hypothalamic control However that may be 1t 1s clear that the hypothalamus 1s
not the only part of the nervous system concerned 1n the regulation of appette
The effect of cortical lesions i the production of polyphagia has been mentioned
and 1t 15 probable that 1n a complicated ammal like man psychological factors are
of great importance 1n determining the intake of food  In all ammals eating 1s an
uregular activity  We tend to think nowadays of the satisfaction of hunger
terms of an individual meal of faurly constant size and 1t 1s clearly only n thus
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eat a mixture of three parts of powdered kaolin and only one of 1ts usual diet and
so allow the distension of 1ts gut to four times the usual level (Adolph 1947
Kennedy 1950) Tius drive to mamtan calore requirements under the most
unfavourable circumstances and conversely to recognize when sufficient food has
been eaten so preventing excessive stores from accumulating has led to a search
for some nirnsic regulator of appetite  Recent theories have revolved round the
chemucal changes which take place internally after the absorption of food rather
than the mechanical ones which precede and accompany 1ts ingestion  Broadly
speaking there are two possibilities  The ammal must either have some mechanism
for measuning the heat released from food after 1ts ingestion or 1t must react to
the level of some specific constituent of food 1n 1ts plasma or tissues

The *¢ thermostatic > theory

This has been favoured by Strominger Brobeck and Cort {(1953) who claimed
that there was a good correlation between the amount of food eaten in fairly
short term experiments and its spectficdynamicaction  Brobeck (1948) summanized
this point of view thus  anmmals eat to keep warm and stop eating to prevent
hyperthermia Ths 1dea 1s supported by the existence n the hypothalamus of
thermosensitive regions adjacent to the part concerned 1n the regulation of appetite
(Ranson 1939) but there are difficulties about accepting it If thermoregulation
15 the prime consideration diets rich m calories but low 1n specific dynamic action
should cause obesity In fact excessive consumption of such diets by young rats
1s transient  Ingle (1951) showed that the spontancous tendency to obesity m
ageing rats could be exaggerated by feeding a semi flud high calone diet and
severely restricting activity It 1s nevertheless difficult to isolate any single cause
of such obesity Brobeck s theory also fails to explam how the hypothalamic
receptors could distinguish between the heat released 1n the specific dynamic actron
of a meal and the far greater amount of heat released during muscular exercise
Instead of being interpreted as a signal to eat more the metabolism of exercise
should satisfy hunger A purely thermosensitive control could therefore prevent
neither obesity nor cachexia  Confusion 1s probably due to the different meanings
attached by physiologists to the term calories  Although a rat may be said to  eat
for calories  (Adolph 1947) 1t cannot regulate the amount of potential chermical
energy stored 1n 1ts depot fat by thermal sensitivity

The * glucostatic * theory

The possibility of chemical regulation of appetite has led Mayer (1952) to advance
the theory that appetite depends on the rate of glucose utiization by the sensitive
cells The actual level of glucose in the blood 1s not postulated to affect the receptors
1t may be high as st 1s in diabetes but the antmal remarns hungry so long as utiliza
tion 1s small  Satiety 15 achieved only when the blood sugar rises sufficiently to
stimulate utthzation as indicated by an increased arteriovenous difference 1n level
The weak points of this theory have been discussed by Grossman (1955) Mayer
for example has so far been able to measure only the pertpheral arteriovenous
differences which do not necessarily reflect the metabolic activity of bram cells
Nevertheless the finding of Forrsberg and Larrson (1954) that the uptake
of 2P by the central hypothalamus differs from that of other parts of the nervous
system  suggests that this difficulty may eventually be overcome
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THE REGULATION OF FOOD INTAKE

Post prandial fat synthesis

Mayer (1955) who accepts the evid-nce that there 1s 2 long term regulation of
energy stores explains this by the depression of glucose utilzauon which occurs
when stored fats metabolized Thus the animal could distinguish between freshly
absorbed food and reserves and so avord becoming thin It 1s more difficult to see
how 1t could avord becomung fat It s true that the post prandial fat svothesis 1s

d with d glucose util which at first should produce satiety

but this safeguard would become less effective the more 1t was used  Tepperman,
Brobeck and Long (1943) showed that rats which over ate erther because of
trammg or after hypothal P rapidly their ability to turn
food 1nto fat and consequently used less carbohydrate post prandially  Further
Bates Mayer and Nauss (1955) have th-mselves shown that the fatter ap ammal
becomes the more fat it mobilizes each day and the more carbohydratest spares™
Both these effects would ensure that, once obesity began 1t would conunue to
deselop at an ever increasing rate

The ¢ Lipostatic* theory

The proportion of fat 1n the body of 2 young rat remains (auly constant m the
absence of hypothalamic damage  This mught, of course stmply be a charactenstic
of growth The disturbance of thus steady state of fat stores by hypothalamic
I~sions bowever has led hennedy (1953) to suggest that the central hypothalamus
exerts a lipostatic contro! and that 1t 1s not directly concern~d with all aspects of
appetite regulation but, particularly with the long term adjustm~nt of mtake to
prevent a plethora of fat - The rat adjusts 1ts intake of food to the varying demands
of activity or environmental temperature which may be considerable so long as
sofficient time 15 allowed for these adjustments  Adaptation s just as rapd and
effictent after an hvpothalamuc operation as before  Conversely neither the rate
of development nor the d-gree of obesity 15 affected by such environmentally induced
changes inappetite It has therefore been suggested that the real index of the d~gree
of produced by an 1nd hypothal I=ston s th~ diffe
between the new * steady state  of the fat depots n the so-called static phase of
obesity and the pre-operative level.  The disturbance of appetite 1s sery vanable
and 15 depend-nt not only on the factors already mentioned but as we shall show
later on the age of the ammal  The aff~rent pathway for such regulation could be
through the level of some metabolite of fat w the arculation or through the
penpheral nerves -

Psychological factors
There are obvious differences between the effiaency with which spectes such as
the rat and the pig regulate their energy stores and these may reflact differences mn
hypothalamic control  However that may be 1t 1s clear that the hypothalamus 1s
not the only part of the nenvous system concerned m the regulaton of appetite
The effect of cortical I=sions 1 the production of polyphagia has been m~ntioned
and 1t 15 probable that 1 a comphicat~d 2mimal kike man psychologicat factors are
of great importance in determmung the mtake of food In all anuﬁa]s eating 1s an
sregular actvity - We tend to thunk nowadays of the satisfaction of hunger 1n
terms of an wndrvidual meal of farly constant size and 1t 1s clearly only m this
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ENDOCRINE ASPECTS OF OVERNUTRITION AND UNDERNUTRITION

context that such factors as gut distension and changes 1n blood sugar can be con
sidered  McCance (1953) pointed out that to eat a meal which would today be
classed as gargantuan would have represented normal behaviour m earlier times
Kennedy (1951) suggested that the overeating in psychogenic obesity 1s more Iikely
to be the of a disor of the feeding pattern n people who
are predisposed to obesity by possessing hittle hypothalamic control than an actual
hypothalamic disorder In an essay on the role of the emotions m hunger and
appetite Bruch (1955) showed how readily our feeding habits may revert to a more
primitive type and how the sudden destre for turkey which afflicts the population
of the United States on Thanksgiving Day 1s a social habit related ongmally to
the fear of famine which haunted the New England settlers  She also discusses the
effects of starvation after World War II from the point of view of the psycho
analyst and in relation to the present prevalence of obesity

OVERNUTRITION

Farst principles

Inorderto grow all organisms require an external source of nitrogenous matenal
together with a sufficient supply of calortes to enable them to bwild up and maintain
their protemn structure  Unicellular organisms have a great capacity for growth
but 1f kept 1n a mitrogen free environment they are unable to exercise 1t If they
contain chlorophyll however these cells can usually obtain more energy by phote
synthesis than they require to maintain their protein structure intact and the
excess 1s stored often 1n the form of fat  The same 1s true of unicellular animals
such as Tetrahymena when they are kept 1n a medium with a high carbohydrate/
protein ratio  These are fundamental principles and 1t has been shown that any
thing which limits growth predisposes to obesity Some green algae for example
produce chemicals which accumulate in the culture medium and mhibit cell
diviston (Pratt and Fong 1940 von Denffer 1948) 1t 1s at this ime that they
become fat Complex osganisms may also produce growth inhibitors (Weiss 1955)
and there are many analogies between the development of obesity after growth has
been stopped 1n umicellular orgamsms and 1ts appearance m adult life 1 more
complicated systems (McCance 1953)

Somatic growth

Increase in the intake of food has not the same effect at every age Parkes (1929)
showed that the growth of sucklmg mice could be greatly accelerated by ncreasing
the supply of milk and we have applied this techmque to rats  If no more than
two or three new born rats are allowed to remain with one mother they grow twice
as fast as littermates reared 1n groups of ten or more  The small rats are not thin
and the big ones are not fat n fact the composition of the bodies of both groups
1s remarkably stmilar - When the groups are weaned and allowed free access to the
same diet they continue to eat and grow 1n proportion to their body weight at
weaning  the bigger rats reach matunty well in advance of the smaller ones This
simple experiment shows how difficult 1t may be to saturate the capacity of a young
rat to grow and until this 1s done there can be no sigmificant deposition of fat
Durmg this period of rapid growth a large amount of food 1s eaten per unit of body
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weight and as the ammal gets larger this quantity 1s greatly reduced  This
reduction 1s one of the characteristic features of animal growth and if the hypo

| of aratss folly p d we believe that the effect whatever the
age of the animal 1s to raise its sntake of food per unit of body wetght to the level
charactenistic of the very young antmal  Thus the effect 1n an adult 1s to produce
an instantaneous and colossal mncrease 1n the ntake of food whereas the same
operation at weanming time produces an increase which 1s scarcely measurable at
the time but which becomes mote and more conspicuous as the weeks go by and
the expected fall in the food intake does not take place  There are times 1 the lives
of some adult animals when the intake of food may reach the level usual in a very
young one this 1s particularly well demonstrated by the lactatng rat  As might
be expected punctuning the hypothalamus atsuch atime makeslittle or no difference
to the intake of food

Visceral growth

‘When the unicellular orgamsm becomes fat the storage matenal can only be
deposited among the working parts of the cell  An obese ammal however may
contain 70 per cent of fat in the body as a whole whle 1ts ltver contains less than
10 per cent  To some extent this 1s due to the presence 1n the higher amimal of
specialized storage organs which can be regarded as protecting the working
structures from the effects of overnutntion  Some of the active organs notably
the liver are also protected from overnutnition by their inherent capacity to grow
which they retain after general somatic growth has ceased During the first 2
weeks of hypothalarme hyperphagia the hver of an adult rat doubles m weight
without any significant increase in its fat concentration At first thisisachiesed
by an 1ncrease 1n the size of the existing cells but 6 weeks after the operation the
number of cells may have increased by 50 per cent  Only when the growth of the
Tiver slows down does the amount of fat mn the organ begin to increase Thus the
adult lver reacts to overfeeding 1n the same way as the body of the young animal
1t retams the capacity to react in this way even after hypophysectomy (kennedv
1957b) Other viscera notably the kidney the heart and the gastro intestinal
tract respond similarly to the liver although to a shightly less degree

Growth and obesity in the human child

Man grows much more slowly than the rat and hus capaeity for growth s relatively
easily saturated by anincreased intake of food  therefore fat but otherwise normal
children are quite common whereas fat weanling rats are virtually unknown
‘Wolff (1955) reviewed the evidence that overfeeding accelerated development in the
human child and studied 100 obese children who had been within the normat
weight range at birth but who had grown faster 1n hetght than was to be expected
from standard tables derived from a similar social group  In both sexes the onset
of puberty was approimately 1 year in advance of children of average height The
acceleration of development was attnbuted to overfeeding although the food intake
of the children was not measured  There 15 no doubt that growth of the human
chuld as of any young animal 15 greatly affected by the mtake of food Whether
the maximum rate of growth 1s attainable without some measure of obesity 1s not
yethnown but it scems probable that the storage of fat ndicates that more food 15
being eaten than can be utilized for normal growth The children Wolff studied
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did not grow any fasterthan non obesechildren of the pr lelasses Further
the lL1u5n:m (‘!hlld ts a complex ammal and as Widdowson (1951) has shown
psychological and envire al factors may greatly modify the rate of growth

the reported between obestty and premature deselopment
may be as readily expluned on genetic as on nutritional grounds  The assoctation
of early puberty with increased stature 1s well established (Stuart 1946) Some
fat chuldren have large birth weights (Mossberg 1948) others have not (Wolff
1955} most cluldren big at birth remarn taller than those of smaller birth weight
(Ilingworth 1950) Fat mothers tend to have large cluldren whether they later
develop diabetes or not It may well be that some of these effects are due to an
abnormally large appetite genetically determined or not and that both the early
rapid growth and sut obesity are festations of this (Widd 1955)

ENDOCRINE ASPECTS OF OVERNUTRITION

The influence of hormones on nutrtion

Some hormones 1lter the metabolism of fat or protem and by so doing modify
nversely the quantities found 1n the tissues 1t 1s not known how these changes
are brought about The nitrogen retention produced by growth hormone 1s

p d by the mobil of fat Levin and Farber (1952) and Greenbaum

(1953) have suggested that the primary action of the pitmtary growth hormone 1s
the mobiltzation of fat which provides the energy for the retention of nitrogen
Young (1952) favoured the 1dea that its principle action was the mhibition of
protein and carbohydrate catabolism to which the increased metabolism of fat
was secondary  Stnce overfeeding mn the hypap, d rat prod growth
without fat 1n some tissues and fat without growth 1n others the two processes
seem to be as fundamentally opposed 1n the organs of the higher ammals as they
are 1n unicellular orgamsms  The action of hormones 1n this as in other respects
may be to modify existing rather than to imtate fresh cherucal reactions

Retention of mitrogen in hypophysectomi.ed ammals

Long acting insulins can produce obesity mn the rat (Barnes and keeton 1940)
and at first sight this seems to contradict our hypothesis since Salter and Best
(1953) showed that insulin causes some retention of mitrogen in the hypophy
sectormzed rat  This hmited mitrogen retention may be due simply to the shmula
tion of appetite since the same effect occurs 1n force feeding (Samucls 1947) or
after a hypothalamue puncture 1n hypophysectormzed animals ~ Studies by Beaton
and Curry (1956) show that in the intact anmmal wmsulin acts inversely on fat and
protein retention and 1n the opposite direction to growth hormone

Cushing’s disease
Cushing s disease 1s charactenized by a general loss of protein and an accumula

tion of fat In the adult the total amount of fat 1s not great the distributton rather
than the amount of the obesity bemg the cardinal charactensic  In the child

Cushing s disease 15 rare_and Wilkems (1950) found only 26 cases under ten years of
age quoted in the literature all associated with adrenal cortwal tumours When st
does occur the disease 1s accompanied by striking obesity cessation of growth
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and osteoporosis signs one would expect from a failure of mtrogen retention
without a corresponding reduction m appetite and remimscent of the effects of
hypophysectory with overfeeding

Duzbetes mellitus

After growth has ceased the other well established syndrome mvolving over
nutrition and an endocrine abnormahty 1s diabetes mellitus  Joshin (1946) stated
that  the mncidence of diabetes 1s highest where (1) the average age 1s oldest
(2) women predorminate  (3) obesity 1s most frequent  (4) the proportion of Jews
greatest  (5) medical supervision closest  and (6) deaths most accurately reported
Although obeuity may sometimes cause  drabetes only a small proportion of
obese subjects die from diabetes (Thorn 1950) Joshin found nevertheless that
80 per cent of all adult drabetics and 95 per cent of female Jewish diabetics are obese
but the genetic problem ts complex because neither diabetes nor obesity seem to
be mhented as a single genetic entity (Harnis 1949 1951 Mayer 1953 Hanssen
1954) Dahlberg (1949) suggested that diabetes 1s part of a genetic syndrome the
first mamfestation of which 1s obesity a similar sequence has been described n
mice by Ingalls Dickie and Snell (1950) Mayer (1955b) showed that such mice
1n the obese  prediabetic  stage can readily be made diabetic by small doses of
growth hormone  Apart from such direct genetic linkage obesity can render
diabetes more severe or may even cause 1t in predisposed subjects Thus
Brobeck Tepperman and Long (1943) showed that 1n rats 1t was possible to reduce
the pancreatic reserve by partial pancreatectomy without seriously affecting
the glucose tolerance 1f the ammals were of normal weight 1if the anmmals were
made obese diabetes developed  Long (1954) summarzed the position by saying

I am greatly mmpressed by the assoctation between obesity and diabetes The
great majonty of diabetics are obese prior to the onset of the disease There may
be genetic factors in the background but I feel that the core of the problem 1s the
nfluence of supranormal weight

Obesity and digbetic proneness
‘Why persons who are too fat get diabetes 1s not known Lawrence (1951)
suggested that when the fat cells had been filled to the imits of their capacity
incomng carbohydrate had to circulate 1 excess but this will not by stself explain
why obesity may precede diabetes for many years Ogilvie (1935) showed that
glucose tolerance 1s not impaired 1 the early stages of obesity while Long (1954)
thought that the increased deposition of fat required excessive secretion of 1msulim
which at first stimulated and later exhausted the islet cells of the Ppancreas
Richardson and Young (1937} showed by histological methods and Gaebler and
Robinson (1942) and Midman de Moor and Lukens (1951) by indirect chemical
means that growth hormone causes a stmilar sequence of effects on the Ppancreas
of theadultanimal Growth hormone diabetes like obesity 1s very hard to produce
n the growing animal and Young (1951) suggested that the hormone may accelerate
growth without increasing the tissue demands for msulin~ Scott and Engel (1950)
concluded from studses of the glycogen mn adipose tissue that growth hormone did
not stimulate msulin secretion in the rat an ammal which continues to grow
thx;oughou! its e 1If therefore the predisposition to diabetes shown by some
1sdue to d of growth hormone this might be without
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effect on the pancreas duning growth but might cause an increased demand for
msulin n early adult Iife and exhaust the islet cells with the onset of obestty 1
muddle age

Production of insulin sensttnity after Iy pothalanue wyury

If an adult ammal fails to produce 1ts phystological quota of growth hormone
the effect cannot be detected by any change n size but an increase in sensitivity
toinsulin whteh can be restored to normal by the administration of growth hormone
(Spirtos et al 1954) has been demonstrated after hypothalamic mjury

UNDERNUTRITION

Yesterday and today

A great deal has been written 1n the last 10 years about advanced undernutrition
(heyseral 1950) Detailed information about famine in the concentration camps
has been provided by Lamy Lamotte and Lamotte Banilion (1946) Hottinger
et al (1948) and Helweg Larsen e al (1952) and a Medical Research Council
Report (1951) has described the mulder undernutnition of a German mndusteral
town 1In spite of our obesity clintcs the threat of famune still hangs over the
West (Fenelon 1952 Massingham and Hyams 1953) and near starvation affects
many people 1n less favoured parts of the world today

Stmmonds’ disease

Different authors mean different things by this diagnosis  Sheehan and Sumniers
(1949) pornted out that Simmonds Jumself did not regard cachexia as a uniform
chinical symptomt and insisted 1n all hus papers that the essential diagnostic
criterion was destruction of the pitutary  Sheehan (1939) who reviewed 51
published cases with additional notes from 70 others emphasized that post partum
necross of the pituitary was the commonest lesion  Sheehan and Summers (1949)
excluded any case 1n which there was evidence of damage to the hypothalamus
therr clinical picture of the condition corresponded to that of surgical hypo
physectomy If one accepts this rigid criterion there 1s Iittle doubt that Simmonds
disease and hypophysectomy in the human and hypophysectomy 1n animals are
compatible with an appearance of reasonably good nutrition Most of the patrents
studied by Sheehan were apparently well nourished until 6 months before their
death

Verification of hypothalamic and piwtary lesions

Escamilla and Lisser (1942) based their diagnosis of Simmonds disease on four
pomts (1) loss of weight (2) loss of sexual function (3) asthema and (4) a very
Iow basal metabolic rate  They were able to find 595 cases in the literature 1n 101
of which there was pathological venification of a hypothalamic or prturtary lesion
According to Sheehan and Summers the damage was confined to the pituitary in
only 37 of these cases  Of Escamulla and Lisser s series 65 per cent were cachectic
and m only 42 per cent was the onset post partum
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Hypophysectomy and loss of appetite

Hypophysectomy 1n ammals 15 followed by great dimunution 1n appetite and loss
of body weight but since the ammal 15 unable to retain nitrogen 1n amounts neces
sary for growth the htle food eaten suffices 1n most cases to maintain reasonable
amounts of fat in the body However this 1s a cancature of normal nutrition
The survival of these ammals varies with the clemency of the environment (Richter
1937) At moderately low temperatures which cause no inconsenience to ntact
ammals they become thin and die of inamtion  Conversely force feeding which
cannot produce growth makes hypophysectormzed ammals grow fat more easily
than normat ammals {(Samuels 1947)

Role of the hypothalamus

The role of the hypothalamus 11 Simmonds disease has been clanfied by the
work of Anand and Brobeck (1951) who localized 1n cats and rats a small regron
in the lateral hypothalamus on the same coronal plane as the area which produces
obesity and where lessons produced fatal anorexia  The maintenance of a normal
energy 1ntake appears to depend largely on a proper balance between these medial
and lateral hypothalamic areas and in hypopitwitarism only a relatively slight dis
turbance of this equilibrium 1s required to make the difference between obesity
and cachexia

Angrevia nervosa

There should be no difficulty i dssunguishing this syndrome from Simmonds
disease for complete destruction of the pitwitary results i loss of body hair and
secondary sex characteristics  Signs of complete endocrine atrophy however
are only found with the most severe grade of pitustary destruction and the distinc
tion between anorexia nervosa and the wider diagnosis of Simmonds disease due

hobe ad I

1o causes such as ck or yngioma may not be easy

Both conditions may show anoreua asthenia gastro intestinal disturbances such

as p nausea and tting or 1 cramps hypoglycaemia brady

cardia and hy and a low bolic rate A ding to Williams (1950)
d msulin and d hed 17 d are

1n both Stmmonds disease and nervosa although values below 1 mill

every 24 hours are only found 1n Simmonds disease (normal female 5-17 mlli
grams every 24 hours male 8-23 milhgrams every 24 hours) Anorexia nervosa
may be accompanied by signs of endocrine dysfunction which closely mumic alt
but the most severe grades of pituitary deficiency Since the climeal picture of
anorexta nervosa 1s nowadays thought to result from a compulsively held pattern
of behaviour often following some psychic trauma there 1s no reason why the
psychic drive should not be mediated through the hypothalamus and simulate
the effects produced by orgamic lesions of thus regton It 1s of particular interest
that there seems to be a close between psych obesity and

nervosa and Stunkard (1955) has pomted out how anorewa frequently begms
during an 11l advised course of dietary restriction especially n a young obese
person
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Endocrine ps of primary ttion

Effect on the gonads

There ts no doubt that undernutrition nterferes with reproductive function
almost all reports on interned prisoners agree about this  There 15 disagreement
however on the mechamism of production  Bass (1947) Stromk (1947) and Dean
(1949} found that the onset of amenorrhoe1 1n women followed so quicklv upon

mpr: that they luded that the cause was psychic  In one of the most
complete studies available Sydenham (1946) concluded that although emotional
shock and envir change undoubtedly explamed the imtial amenorrhoea

the long continued cases were probably nutritional

Report on Rotterdam —There was a serious deterioration 1 food supples mn
Rotterdam 1n September 1944 which continued throughout the first half of 1945
Good vital statistics are available which show that a sharp decline in birth rate
among the civilian population began jn June 1945 (Smith 1947) There are many
other reports of precipitous dechines 1n birth rate in civihan populations dunng
wat but the Rotterdam report 15 the only one in which complicating factors such
as call up of the younger men or failure of collection of statistics can be excluded
There are a number of reports of delayed onset of puberty m undernourished
chuldren but this may be explammed by the general retardation of growth and
development 1n undernutrition (Talbot and Sobel 1947)

Atrophy of the human generatne organs —Extreme undernutrition in adults may
produce atrophy of the generative organs  Butler 1s quoted by Keys et al (1950)
as saymng that this was 50 extreme 1n Jap camps that close mspection
was necessary to tell the sexes apart This seems hard to believe for moderate
undernutrition which produces considerable loss of body weight may have no
effect on the gemitalia (Klatskin Salter and Humm 1947)

In animals ovarian atrophy uterine atrophy and anoestrous vagmnal smears
have been reported by numerous authors following mamtion There 1s evidence
that thus 1s dute to interference with the release of gonadotrophins by the pituitary
since normal ovanan and uterine weight can be festored by myectmg these sub
stances (Marnan and Parkes 1929) Assay of the gonadotrophin content of the
pituttary 1n chronic inamtion has shown 1t to be normal The gland 1s somewhat
reduced in size but the potency per gramme of pitutary tissue actually increases
It seems therefore that the impact of undernutrition 15 upon the release and not
upon the production of gonadotrophic hormone (Ershoff 1952) Thus suggests
that the hold up 1s mediated through the hypothalamus

Harns (1955) has drawn attention to the close relationship m ammals between
the effects of light and food Both the duration of Isght and the diet affect the onset
of oestrus i some ammals Further Alexander and Frazer (1952) have shown
that the effect of madequate diet may to some extent be compensated by extra
lighting or vice versa  The effect of light on oestrus has been extensively studied
(Bissonette 1932 1938 Clark Mcheown and Zuckerman 1939) and 1s almost
certamnly mediated by the hypothalamus It seems likely that both the immediate
# psychic effect observed in war pnsoners and the response 1o more prolonged
undernutntion may be mediated through the same final common path
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Effect on thyroid activiry

Basal metabohe rate —In a well nounshed person overactivity of the thyroid

gland raises the basal metabolic rate and expenditure of energy  Thisisnot asa
rule compensated for by a sufficient increase in the consumption of food and so
h 1s usually d by wasting and undernutnition  Primary
undernutntion however does not lead to hypertrophy of the gland just the reverse
m fact all accounts agree that this organ atrophies in famine victims and 1t 1s
particularly marked 1n infantile athrepsia (Marfan 1921)  Brult (1945) reported
that the average basal metabolic rate of hyperthyroid patients attending his chnic
fell by 15 per cent duning the German occupation of Belgium  This has found
agreement mn other accounts

Appearances simulating m) xoedema —During acute malnutrition 1n the Philip
pines app d were freq y seen (Gottheb 1946)
Ths atrophy of the thyroid seems to be brought about 1n a way similar to that of
the gonads stnce n undernounshed guinea pigs normal thyroid structure can be
restored by thyrotrophic hormone (Stephens 1940) A particularly interesting
feature of these expeniments is the increase in sensitivity of the thyroid of the
undernourished animals to the stimulating hormone 1t may be 10 times the
normal A similar increase in sensitivity has been found in hypophysectomized
amumals D Angela (1951) reported decreased levels of thyraid stimulating hor
mone n the circulation of starved ammals  and as the thyroid gland 1s less respon
sive to goitrogens 1t has a reduced uptake of [ (Meites and Agrawala 1949)

Thyrotrophic and gonadotrophic secretion —Clinicians have often suggested that
the thyroid secretion might be under the control of the hypothalamus because of the
association of psychic trauma with the onset of Graves disease (Thompson 1948)
According to Ganong Frederickson and Hume (1954) lesions tn the hypothalamus
of dogs may reduce the thyroid uptake of *¥I to the level found after hypo
physectomy  The site was shightly farther forward 1n the median eminence than
the region concerned in the control of energy balance and was in the general area
which appears to control gonadotrophin secretion It 15 possible however to
alter the secretion of th phin and dotrophin 1nd dently (Bogd
and Halmi 1953 Ganong Frederckson and Hume (1954) Hypothalamic

it has not prod q 1 results and section of the pitutary stalk
according to most workers reduces but does not abolish thyroid activity (Hams
1955) Harns suggested that the pitwitary of thy phuie 15
decreased by most forms of environmental stress but that this effect has not yet
been proved to be mediated always through the hypothalamus

Diabetes melhitus

The onset and the seventy of diabetes are both unquestionably affected by the
state of nutrition  The general effects of undernutntion are the converse of those
of overnutrition and these have already been discussed  Until mnsulin was dis
covered the treatment of the disease was mn fact based on undernutnition and
remaied so for many years afterwards  In both the world wars the experience of
physicians among sem statving commumties was that diabetes became a relatively
mild and ummportant disease  However the true relationstup between the cause
or causes and the effects has not yet been scientifically proved
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Corticotrophin and the general adaptation syndrome

Durning starvation both m man and 1n anmmals changes in adrenal weight and
structure have been reported by many observers Unlike the agreement on the
gonads and the thyroid however different observers are far from agreement as to
whether the adrenal enlarges or atrophies  While abnormally large and abnormally
small adrenals have undoubtedly both been observed in starved human beings
Schulf (1922) n a series of more than 2 000 autopstes could find no evidence that
nutrition produced any consistent change 1n adrenal wetght The observation of
Lamy Lamotte and Lamotte Banlfon (1948) that the adrenals of prisoners who died
soon after liberation from internment were depleted of liprds whilst in the adrenals
of those who survived for some months there was a progressive mncrease suggests
that the effect of starvation on the human adrenal may be on function rather than
on size In ammals 1t seems clear that the effect of starvation depends on its
duration  1cute starvation produces large hyperaemic and frable adrenals
(Jackson 1915 McCarrison 1919 Mulinos and Pomerantz 1941 Cameron
and Carmichael 1946) Chronic undernutrition on the other hand 1s reported by
some authors to be associated with adrenal atrophy (Mulnos and Pomerantz 1941)
whilst others have found no adrenal change (Cameron and Carmichael 1946)

Two interpretations of these findings are current  Selye (1951) has indicated the
smportance he attaches to undernutrition as a cause of his general adaptation
syndrome On this hypothesis shortage of food 1s one of the many environmental
factors which act through the central nervous system and anterior prtuntary gland
to produce a sequence of changes mn adrenal function with an early phase of over
activity eventually succeeded by a stage of exhaustion  On the second hypothesis
of Mulinas and Pomerantz (1940 1941) undernutrtion produces & condition of

pseudo hypophysectomy

Adrenal atrophy —The adrenal atrophy 1n chronically underfed rats reported by
these authors was not confirmed by other workers and Ershoff (1952) suggested
that 1t may have been due to an unbalanced diet rather than to a proten or calone
deficiency  Selye (1945) has shown that the adrenal glands atrophied during under
nutrition on a low protem high carbohydrate diet but not on a diet of more
normal composttion  Species differences in animals also affect the adrenal response
1o starvation It ss to be noted that systemsc stress in any form may alter the
requirements of the body for many spectfic detary constituents (Ershofl 1952)
and this may explain many of the discrepancies 1n observattons on famine vicims

Secretion regulation of adrenocorncotrophin hormone —There are a number of
theones on the regulation of the sccretion of ACTH from the prtwitary gland
which 15 obviously of central importance in the adaptation syndrome  These are
fully discussed by Harns (1955) whose general conclusion 15 that the mamntenance
of normal ACTH under q di 1s almost entirely due to
stimuh onigmating 1n the hypothalamus whilst increased secretion during stress
may be produced either by an increase in these or by a direct pituitary respornse
to changes 1n the circulating blood The part of the hypothalamus concern dm
thus control has not been definttely identified but there 3s no doubt that 1t 15 1n the

posterior region and either in the mammillary bodes or in the area between them
and the piturtary stalk (de Groot and Harnis 1950 Brobeck 1952 Hume 1953

and Porter 1953}
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CHAPTER 8

THE PITUITARY ANTIDIURETIC HORMONE (ADH) AND THE
CONTROL OF FLUID BALANCE
D A K Brack

THERE 1s ample evidence that the pitwitary antidiuretic hormone (ADH) 15 one of
the continuous regulators of fluid balance and that 1ts absence produces dramatic
chinieal effects—the syndrome of diabetes nstpidus

ADH AND NORMAL FLUID BALANCE

The main stimulus to ADH 1s an increase 1n the effective osmotic pressure of the
plasma and the marn effect of ADH 1s to increase the reabsorption of water 1n the
renal tubules  Inthis way a scanty urine of high specific gravity and solute content
1s produced  the reabsorption of water lowers the osmolanity of the plasma and
so inhibats further production of ADH  This sequence has been stated summarily
1n order to emphasize at the outset the exquisite appropriateness of response to
stimulus  this 1 cybernetic terms 15 1 good example of negatwve feed back
1n the regulation of a biological steady state

Posterior pituitary extract already known to have a vasopressor action m high
dosage was found to have an antidiuretic action by Magnus and Schafer (1901)
The physiologieal relevance of this action was first clearly shown by Starling and
Verney (1925} who found that the spontaneous water druresis of the 1solated kidney
was controllable by small amounts of posterior pituitary extract It was agan
Verney (1947) who established the significance of plasma osmolarity as the stimulus
to ADH release  He showed that the receptors of this simufus were not m the
pitutary tself but elswhere in the distribution of the internal carotid artery and
very probably in the supra optic nucle1 (Verney 1954) These notable advances in
knowledge of ADH asa of } have been accom
pamed by equally brilhant work on the anatomical definttion of the structures
involved (Fisher efal 1938) which wall be outhned 1n relation to drabetes msiptdus
and by the studies which led du Vigneaud (1954) to the chemical rdentification and
synthests of ADH now known through his work to be a polypeptide of eight
ammo acids
Production of ADH
Effect of isotonic and Iy pertonic salmne solunon

The cnitical experiments 1n defining the stimulus to ADH production are those
of Verney (1947) and were carried out on well hydrated dogs with a carotid loop
rato which 1njections could be made without disturbance to the ammal  Control
imjections 1nto the loop of 1sotonic saline solutron and injections of small amounts
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of hypertome saline solution nto a vemn were without effect on the flow of unne
Injection of hypertonic saline solution into the carotid loop produced a suppression
of water diurests sumilar to that induced by intravenous injection of ADH  this
response to hypertonic saline solution was abolished by ablation of the postenior
lobe of the piturtary  That 1t was a response to increased osmelanty of the plasma
and not to sodium chloride specifically was shown by an equal response to hyper
tome sodrum sulphate and by a somewhat smaller response to hypertonic dextrose
With hypertomic urea on the other hand no response was obtained 1ndicating
that for an increase 1n osmolarity tobe  effective  1n this context 1t must be caused
by particles which do not readily enter cells In the light of these expeniments,

effective osmotic pressure of the plasma  can be defined as the osmotic pressure
due to those electrolytes notably sodium and 1ts accompanying amons which do
not rapidly enter cells

Osmotic pressute so defined accounts for over 90 per cent of the total osmotic
pressure of plasma and 1t has long been recognized as one of the more jealously
guarded components of that fixity of the internal medium which Claude Bernard
divined to be the prerequsite of Life under changing external conditions  The hugh
sensitivity of this mechamsm to its appropnate stimulus 15 clearly shown by the
observations of Verney (1954) that an increase of only 2 per cent 1n the osmolarity
of the plasma perfusing one carotid artery an adeqg stimulus
to ADH secretion Thus response to a 2 per cent change implies a much more
sensiive regulation of osmotic concentration than of such things as the total
sodum or potassium content of the body or the volume of plasma

Transnussion of stunulus

There 1s some circumstantial evidence {Verney 1954) that this osmotic simulus
acts pnmarily on specialized structures in the supra optic nuclet of the hypothalamus
—the osmoreceptors —which then stimulate the postertor lobe to release ADH
imto the circulation  The mode of transmussion of the command  to secrete
ADH from the hypothalamus to the posterior pituitary 1s not certain  section of
the pitutary stalk 1s known to interrupt 1t but this could be by a block either of
neutal or hormonal transmisston in the pituitary portal venous system (Green and
Harns 1947) The site of the actual formation of ADH 1s hypothalamic but 1t 15
stored in the hypophysis  The final stage in transmussion 1s through the general
circulation to the kidney aud dunng antidiuresis of pituitary onigin ADH 1s
demonstrable 1 blood and unne  the amount of circulating ADH necessary to
act on the kidneys 15 very small of the order of 0 00001 mulligram (Goodman and
Gilman 1955) Circulating ADH 15 destroyed in less than 5 minutes so the delay

of some 20 munutes 1n the diuretic response to mgested water 1s largely due to the
time needed for water absorption

Renal action of ADH

Increase n water reabsorption

Although the vasopressof action of ADH may be of some consequence 1n
deternuning m the hubia 1t has no effect on glomerular
fiitration rate in mammals 1t exerts 1ts action by increasing tubular reabsorption
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of water In man about 120 millilitres of water 1s filtered each munute and the
amount in the unne usually ranges from 0 5 to 10 milliitres per minute  at the
height of water duresis and m diabetes nsipidus the urme volume may nise to
20 mullilitres per minute It 1s clear from this that only a part about 15 per cent
of the total water reabsorption 1 the tubules 1s under ADH control and this has
been termed the facultatve reabsorption of water (Smuth 1951) The
obligatory reabsorption  of water probably takes place m the proximal tubule
and 1n the loop of Henle while facultative reabsorption occurs 1n the distal con
voluted tubule and possibly in the collecting tubules There 1s now evidence that
the kidneys can form a hypertonic urine by a process independent of ADH
Berliner and Davidson (1956) have shown that consteiction of one renal artery
1n the water loaded dog may induce hypertonic urine formation on that side while
the other kidney continues to excrete a dilute unne  Wirz (1956) has obtained
some evidence that ADH may act by allowing water to traverse the wall of the
distal tubule s that the fluid entering the collecting tubules 1s 1sotomic and may
then be concentrated further by a mechanism independent of ADH  Increase n
water reabsorption 1s certanly the outstanding effect of ADH on renal function
¥ Anncrease n the output of sodium and chloride would seem to be as reasonable
a response to mncrease 1n plasma osmolarity as 1s dimimished water output and a
natriuretic or chloruretic action of ADH has often been descibed  Much of the
work supporting this effect concerned short term changes 1n sodum or chlonide
output though this type of experiment 1s easily falsified by diurnal vanation 11
electrolyte output or even by a stmple confusion between sodium output m umt
time and sodmm concentration which naturally nises as the urine output falls In
companng successive 24-hour pertods with and without pitresstn tannate Black
and Thomson (1951) found no evidence of an increase 1n sodmm or chlonde output

Mayor effect of ADH on flud balance

The simple picture which emerges 15 of an increase n plasma osmolanty leading
10 ADH release which mn turn causes increased renal reabsorption of water with 2
consequent dilution of plasma conversely water drmking lowers the osmotic
pressure of plasma decreasing or abolishing ADH output and so decreasing water
reabsorption  While this statement summarizes the major effect of ADH on fimd
balance a few divergent points of detail must be noticed

Control of osmolarity —Although the ADH mechanism 1s closely implicated in the
control of osmolanity 1t does not stand alone being complemented by the thirst
mechanism to which hypertomc salime solution mjection 1s an effective stimutus
(Wolf 1950) It 1s of considerable interest that a  thurst centre  has been found m
the goat 1n close anatommcal relation to the hypothalamic osmoreceptors of the ADH
mechamism (Andersson 1956)

Release of ADH —There 15 a good deal of evidence summarized by Heller (1956)
that decrease 1n the volume of extracellular find or of plasma may constitute an
adequate sttmulus to ADH secret10n n the absence of any increase in plasma osmolanty
Release of ADH occurs also 1n Tesponse t0 emotion pain anaesthesia and various
drugs such as morphine and micotine These may all be regarded as exceptional
responses which do not displace the increase in effective plasma osmolastty from s
primary position as the main physiological stmulus to ADH output

Direct action —The direct action of ADH on renal performance In man 15 limited
to an of water reabsorpi and does not sigmficantly affect electrolyte

98




ADH AND ABNORMAL FLUID BALANCE

output therers however no doubt that the sustaned action of administered ADH1n
over hydrated subgeuts s associated with an merease sodium excretion (Leaf ef al

1953) There 1s now further evidence that thisis a secondary effect of expanded body
flud volume which 15 probably d by of ald secretion
(Wrong 1956)

Even with these reservations sn mmnd it seems permissible to segard the ADH
mechamism as one which ss prmanty simulated by and responubie for the regula
ston of changes 1n the effective osmolanity of plasma  The relation of the ADH
mechamsm to control of the seliume of body fluid ss secondary 1nd andirect  the
mamn regulation of this parameter must be sought elsewhere probably sn the

adrenal cortex

ADH AND ABNORMAL FLUID BALANCE

A pnimary and permanent over production of ADH has pot been described
deficiency of ADH production 1s the basis of the syndrome of diabetes insiprdus
(see belon) Considered here 1s the part played by ADH n those disturbances of
flud balance which anse from general causes and in which the ADH mechamsm
15 not mtrinsically deranged so that it 1s 1n a position to respand 1n proper fashion
to its normal sumult  The ADH mechanism 15 involved to some degree 1n every
change 1n flmid balance and demonstrably 5o when the plasma sodmm concenra
tion 1s ncreased or dirmmshed but only two situations need be considered n
each of which considerable emphasis has been placed on ADH disturbance as a
causal factor

Post-operative ohgunia

Very hittle utine 1s formed tn the first 24 hours after a major operation and some
degree of oliguria may persist for several days  The unne formed 15 concentrated
and of ugh specific gravity resembling that formed vnder ADH influence an
mereased output of ADH in the unne has been demonstrated by Chine Cole and
Holden (1953) Although there seems little doubt that ADH s closely concerned
with oliguniain theimmediate post operative period other factors suchas dimimished
circnlation to the kidneys and an d f of salt adrenal
steroids are also of mmportance ¢ The selease of ADH 1s probably related 10 &
combmation of anaesthesia motplune and post operative pasn and the vanable
duration of the ADH effect may be related to the varving time for which pan
persists and needs rehef by marphine  The practical importance of ADH relzase
after operation 1s that 1t prevents the prompt excretion of admunustered water and
so makes the patient vulnerabie to water mtoxication (Wynn and Rob 1954)

Generalized oedema

The relative importance of ADH in states of generahized oedema 1s prabably
much smatfer than n post op olipuria  Ad dly d urmary output
of substances which induce oliguna in test anumals has often been detected 1
cardiac renal and hepatic oedema but Van Dyke (1953) has adduced convincing
evidence that these antidiuretic substances are distinct from pitwitary. ADH
Oedema depends on a retention of sodium as well as of water and there 1s no
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evidence that ADH can mduce sodium retention 1n 5o far as ADH action leads
to expansion of body fluid 1t promotes sodium excretion  Guven a primary cause
of sodium retention (and excess of aldosterone seems to be intimately concerned
tn this) the subsequent retentton of water to prevent hypernatracmia 1s likely to
be achieved m part through the ADH mechamsm and n part by an increased
mtake It 1s difficult to belicve that ADH action 1s maintamed when oedema has
become established  Not only 1s there often hyponatraemia and always expanded
body fluid (conditions the reverse of those known to cause ADH release) but there
15 no duuretic response to ethanol which 1s an effective inhibitor of ADH release
(Lamdin ez a/ 1956) The posstbility remains that ADH already formed 1s
mactivated more slowly than normal but apart from phases of active water
retention as oedema flwid rapidly increases there seems no real need to invoke
the ADH mechamsm and there 1s some evidence against 1ts continued operation
+ADH may indeed have a more significant part in those patients who have oedema
d withalow atton of sodium in the pltsma—the low salt syndrome
A preliminary report by Murdaugh (1956) indicates that such patients unlike those
studied by Lamdin er a/ (1956) might show a striking diuretic response to ethanol
suggesting that 1n them ADH was continuously operating

DIABETES INSIPIDUS
The physiol | basts of diab dus has been outlined 1n describing the

ongmn of ADH The I basis was lished by Fisher Ingram and
Ransom (1938) who carried out experiments on cats and monkeys using either
electrolytic lesions in the hypothalamus produced by the Horsley Clarke stercotaxic
mstrument or surgrcal removal of defined portions of the pitmtary glands  They
summarized their findings on the hypothalamuc lesions as follows  Qur analysis
of the anatomical data scems to indicate that the only lesions which are capable of
producing a diabetes insipidus are those which interrupt bilaterally the supraoptico
hypophyseal tracts and result in atrophy of the supraoptic nucler and the neural
division of the hypophysis  Destruction of the postertor hypothalamus and of the
tubero hypophyseal tract which arises from 1t does not cause any apparent dis
turbance of water metabolism

With regard to lesions of the pituitary gland itself they confirmed previous work
showing that severe damage to the antertor pituitary would prevent the occurrence
of diabetes msipidus after ablation of the posteror pituitary  they found that
thyroid extract would not annul this effect of anterior lobe damage (Later work
has shown that this failure of water durests tn antenior lobe hypopituitarism 15
probably mediated through the adrenals and that 1t can be corrected by giving
cortisone )

The same authors also found that removal of the pars nervosa even with an
mtact anterior lobe did not 1n 1tself cure diabetes msipidus Expenimental
diabetes msipidus followed removal of the pars mervosa providing that the
mnfundibular stem and median were 1 dor d
Likewsse this disorder developed when the dibular stem and median eminence
were removed leaving the pars nervosa behind  Thus finding supports the view
that ADH 1s actually formed in the hypothalamus and that the posterior pituitary
1tself 18 merely a storage organ for ADH
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Aetialogy

The lesions which can produce in man the anatomical deviation needed to nduce
diabetes nsipidus are vaned i their pathology  They include tumours  active or

y disease  granul f: the effects of trauma

and rare causes such as the reticuloses acunomycosss and pellagra (Soffer 1936)
In an analysis of 160 cases (Fink  1928) tumour of the hypothalamus piturtary or
postenor fossa structures accounted for just over hatf while half of the rematnder
were fl y  usually p habtie or related to basal memngitis
vascular damage (8) and trauma (9) were found in 17 cases This analysis
based as 1t 35 on autopsy results probably underestimates the imporiance of
trauma at least as a cause of temporary diabetes dus which s not
after head ijury and usualfy clears up in a few wecks A hereditary syndrome of’
diabetes insipidus 1s well established (Forssman 1945)  but some of these patsents
do not respond to ADH and have therefore been descnbed as  nephrogenic
diabetes msipidns  (Wilhams and Henry 1947) The syndrome which 1s
uncommon affects both male and female and 1s more frequent in chuldren than
n adults

Chncal features

The cardinal symptoms are polyuna and thirst the daly turnover of flmd being
usually of the order of 15-20 hitres though a patient of Trousseau s has earned his
place 1n many text books by excreting 43 hitres of unne mn a day  There has been
much argument as to the primacy of thirst or polyuria (Wolf 1950) and there seems
Iittle practical advantage n taking sides m this dispute  wiale our concepts of
ADH action would suggest that polyuna precedes and indeed leads to thirst the
finding of a thirst centre in the hvpothalamus makes us hesitate to exclude a
primary polydipsia in every nstance  Most patients with diabetes msipidus show
some general symptorns of water depletion which improve when the polyuna 1s
arrested by ADH—tfus 1s 1n support of the polyuna being pnmary The unine
formed 1n diabetes insipidus 1s water pale and of very low speafic gravity and
concentration  nor can these characters be greaily modified by fluid restriction
unless this 1s pushed much agamst the patients wishes to gross dehvdration
when the speaific gravity may rise to 1010 By contrast ADH mnjection allows the
formation of a concentrated urine

Compatibality with normal health

Although the polydipsia and polyuna nterfere greatly with a normal life
persssting as they do through the mght and without regard to occupation they are
nevertheless compatible with many years of otherwise normal health

Mrs A H aged 45 vears had been subject to thurst and polyuna since the age of
13 years the onset was sudden and unrelated to any 1liness which she can recall  She
was drinking several glasses of water each hour both day and mght and had to take
several bottles of water when she went to the cinema  Medical advice was not sought
untif the development of a cystocele caused her discomfort  On admusston to hospital
she was found 1o be a nervous woman and was thought 1o be a compulsive water
drinker  She would not alfow swnple restriction of her fluid intake which ranged
between IS and 20 pints a day with corresponding polyuna A pint of 5 per cent
saline solution was given 1nt on twa with no effect
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evidence that ADH can induce sodium retention 1 so far as ADH action leads
to expansion of body fluid 1t promotes sodium excretion  Given a primary cause
of sodium retention (and excess of aldosterone scems to be ntimately concerned
i this) the subsequent retention of water to prevent hypernitracmia s hikely to
be achieved 1n part through the ADH mechamsm and in part by an ncreased
mtake It s difficult to behieve that ADH action 15 mamtained when oedema has
become established  Not only 1s there often hyp and always expanded
body flurd (conditions the reverse of those known to cause ADH release) but there
15 no diuretic response to ethanol which 1s an effective mnhibitor of ADH release
(Lamdin ez o/ 1956) The possibihty remains that ADH already formed 1s
wactivated more stowly than normal  but apart from phases of actine water
retention as oedema fluid rapidly increases there seems no real need to 1nvoke
the ADH mechanism and there 1s some evidence agamst 1ts continued operation
vADH may indeed have a more significant part 1n those patients who have oedema
d withalow ation of sodium in the plasma—the low salt syndrome
A prel y report by Murdaugh (1956) ind that such patients unhike those
studied by Lamdin et @l (1956) mught show a striking diuretic response to ¢thanol
suggesting that in them ADH was continuously operating

DIABETES INSIPIDUS
The ph [ basis of diabet pidus has been outlined 1n describing the

origin of ADH The | basis was lished by Fisher Ingram and
Ransom (1938) who carrred out expenirnents on cats and monkeys using enher
electrolytic lesions 1n the hypothalimus produced by the Horsley Clarke stereotaxic
mstrument or surgical removal of defined portions of the pitwitary glands They
summarnized their findings on the hypothalamic lesions as follows  Our analys:s
of the anatomical data seems to indicate that the only lestons which are capable of
producing a diabetes insiprdus are those w hich interrupt bilaterally the supraoptico
hypophyseal tracts and result 1n atrophy of the supraoptic nucler and the neural
division of the hypophysis Destruction ©f the posteror hypothalamus and of the
tubero hypophyseal tract which anses from 1t does not cause any apparent dis
turbance of water metabolism

With regard to lesions of the piturtary gland itself they confirmed previous work
showing that severe damage to the antenior pituitary would prevent the occurrence
of diabetes msiprdus after ablation of the posterior pituttary  they found that
thyroid extract would not annul this effect of anterior lobe damage  (Later work
has shown that this faidure of water diutests 1n anterior lobe hypopituitarism 1s
probably mediated through the adrenals and that 1t can be corrected by giving
cortisone )

The same authors also found that remosal of the pars nervosa even with an
intact anterior lobe did not 1n tself cure diabetes instpidus  Expenimental
diabetes msipidus followed removal of the pars nervosa prowuding that the
infundibular stem and median were 2} dor d
Likewise ths disorder developed when the mfundibular stem and median enunence
were removed leaving the pars nervosa behind This finding supports the view
that ADH 15 actually formed in the hypothalamus and that the postertor pituitary
1tself 15 merely a storage organ for ADH
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water expenmentally find 1t difficult to resume a normal intake  they feel thursty
while domg so  One possible explanation for this has been discovered by de
Wardener (1956) He has shown that such patients when allowed to drink freely
and given Pitressin and 25 per cent manmitol cannot concentrate their urine
after 12-24 hours of flmd restriction the concentrating power of the kidneys
improves but stll not up to normal levels One patient after a week of flud
restriction produced an almost normal urine concentration with Pitressin and
mannitol  There was a lack of response to nicotine 1n high doses  These findings
suggest that a prolonged high intake of water prevents the kidneys from responding
normally to Pitressin and that this relative unresponsiveness may take some time
to wear off

Nephrogeme diabetes msipidus

Large losses of water n a urine of very low specific gravity have been observed
1n advanced renal disease (Roussak and Oleesky 1954) and also in the condition
described as  nephrogeme diabetes msipid The } of led
nephrogenic diabetes insipidus 1s not a lack of ADH as 1n true diabetes insipidus
but a fallure of response to ADH on the part of the appropriate end organ the
renal tubule

Distinction between true and spurious diabetes msipidus

The distinction between true diabetes insipidus and the simulating states of
psychogenic polydipsia and pnmarty renal water loss 1s theoretically simple with
the ad of the response to water deprivation to ADH and to hypertome saline
solution Prnimary renal water loss 1s resistant to Pitressin the other conditions
respond  Patients with true diabetes insipidus and renal water loss continue to
pass large volumes of unine even when deprived of water intake  Patients with
psychol 1 polyd show an d p to hypertomc saline
solution  this 15 absent 1 diabetes insipidus and 1n renal water loss  In practice
however these tests may present serious difficulties i performance or in mter
pretation

I ater deprivation —Thus 15 very poorly toferated by patients with either diabetes
nsipidus or renal water loss for their polyuna continues until their water deficat
18 50 great as to mterfere with the circulation to the kidnevs  Patients with psycho
genic polydipsia might 1n theory be expected to respond to water depnivation with
a fall 1n unne output  but the work of de Wardener (1956) indicates that their
response  while better than that in diabetes insiprdus still falls far short of the
normal moreover thirst persists so that close observation 1s required to prevent
evaston of the water restriction  Patients with diabetes msipidus may quite properly
retuse their consent to any adequate period of water deprivation  For these varjous
reasons the test 15 not of great value and 1s not free from nsk in diabetes 1nsipidus
and renal water foss

ADH test doses —The use of a test dose of ADH 15 of considerable value n
separating off the renal water losers The ADH 15 given mtravenously as an
aqueous solution of Patressin and a dose of the order of 0 1 unit should be used
Much smaller doses are of course effective 1 producing antidiuresis 1n normal
subjects and in diabetes msipidus  patients with psychological polydipsia are
less responsive  In addition to measuning the volume of unne produced the
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on urine volume specific gravity (1002 th ) or chlonde -5
mdlequivalents per litre)  She responded promptly to posterior pituitary extract with
a fall 1n unine volume increase in specific gravity and alleviation of thirst  her water
turnover fell to 5 pints per day and her cystocele was relieved by operation  In spite
of tus very fong hustory of polydipsia and polyunia her serum electrolyte concentration
wisnormal (Na 142mEq /I K4 7 C1102 and HCO, 28) she had no clintcal evidence
of sodwm depletion and her blood urea was normal {32 mitlegrams per 100 millititres)

Latent ¢ffects

The pure syndrome of diab pidus can be both modified and
by the effects of the underlying leston  When thus spreads to mvolse the anterior
pituitary, the polyuria and polydipsia disappear A vanety of local symptoms
may be added to the diabetes insiprdus the most important bemng headache visual
disturbance, and change 1n appetite or temperature regulation  Polyuna and
polydipsia may, however precede any demonstrable local effects by some years
as exemplified 1n the following case report

C M aschoolgirl was first seen in November 1951 at the age of 9 years with an
18 month fustory of increasing polyuria and thurst  In January 1952 her maximum
unne specific gravity after overmght water depletion was found to be 1005 ADH was
given and da unine and abolished the polvurnia At that time the
visual fields were fullandaradio,raphoftheskull wasnormal Shewasgivenmarntenance
treatment with Pitressin Tannate  at first she needed 2 5 units twice weekly  She was
kept under observation and remaned well in herself until early tn 1955 when she
complamed for the first time of headache and some drowstness Her parents had
noted a gradual decrease 1n her requirement of Pitressin Tannate and by May 1955
she needed only 2 5 unuts per week  On examunation optic atrophy and visual imparr
ment were found Investigation in the neurosurgscal department showed evidence of
2 tumour involving the hypothalamus and the third ventricle associated with 2 hydro
cephalus  She no longer had thirst or polyuria but required a small dose of cortisone
for anterior lobe insufficiency

1 1

Differential diagnosis

The acetiological diagnosis of diabetes mstpidus 15 a problem for neurological
and neurosurgical mvestigation and here we can deal only with the means of
distinguishing true diabetes dus from other d which may late 1t
General causes of polyurta such as drabetes mellitus and renal faillure are not
likely to cause much difficulty since the urine volume rarely exceeds 5 litres per
day and direct evidence of these conditions can usually be found from history
examination urinalysis and on occaston an esttmation of the blood sugar or
urea Amounts of urne quite comparable to those passed in diabetes mnsipidus
may be observed 1n patients who have hystencat polydipsia {compulsive water
drinkersy and also 1n a few patients with renal disease  who have specifically lost
the ability to concentrate the urine even to a specific gravity of 1010

Psychological disturbance
A number of patients with psychological disturbance acquire the habit of
water drinking m f: and quite comparable to those
taken by patients with diabetes pidi Once blished thts d 18
Aifficult to throw off and even normal people who have taken large amounts of
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by the mtramuscular injection of Patressin Tannate 1n oil (Thom and Sten 1943}
The defect 1n diabetes insipidus 15 often incomplete so that the frequency of injec
tions needed to control symptoms has to be determined by trial n each patient
With injections of 5 units of Pitresstn Tannate suspended 1n 1 mullihitre of arachis
o1l many patients can be controlled by 1njection on alternate days and some by
bi weekly injections  Patients can be tramed to give their own injections  they
must be told to warm the ampoule to body temperature and to shake 1t very
thoroughly before transfer to the syrmge as the activity 15 entirely 1n the grey

white powder which sinks to the bottom of the ampoule A few patients develop
allergic reactions to the Pitressin powder but this 1s rare even with prolonged
treatment some patients may be able to control therr polyuna sufficiently with
postertor pimtary snuff, gnen 1n 40-50 mithgram doses by nasal msuffiation and
at intervals of 6-10 hours
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chloride concentration should be measured In their two patients with renal water
loss Roussak and Olcesky (1954) found a shight fall in urine volume but no
wncrease 1n chloride concentration  In conformity with therr lack of response to
admimistered ADH patients with renal water loss have been found to have antt
diuretic actvity 1n their plasma which 1s absent 1n diabetes msipidus  but the
difficulties of assay prevent the estimation of antidiuretic activity 1n plasma from
being a practical chnical test

Hypertonic salme solution test —The most useful test for distingusshing diabetes
msipidus from psychological polydipsia 1s the hypertontc saline solution test of
Hickey and Hare (1944) as modified by Cates and Garrod (1951) After a
preliminary period of water deprivation if this 1s tolerable a water diuresis 15
mduced by drinking 20 milhitres of water per kilogram body wesght within an
hour  After a further hour during which the bladder may be catheterized 2n
mnfusion of 2 5 per cent saline solution 1s given for 45 minutes at a rate of 0 25
mllilitres per kilogram per minute  In normal people this procedure induces 8
striking fall 1n the previously high urnine volume and indicates integrity both of
osmotic responsiveness by the osmoreceptors and of the subsequent formation of
ADH and 1ts action on the kidneys  In true diabetes msipidus this response 1§
absent and the unine volume actually mses m consequence of the saline induced
osmotic diurests  In one patient with functional polydipsta Cates and Garrod
(1951) found a normal response on two occasions to the hypertonic saline solutiont
test and Hickey and Hare (1944) reported stmilarly of thetr test

Nicotime test —A patient who responds to admimstered Pitressin but who fails
to produce an antidiuresis after hypertonic salne solution and who has no overt
disorder of personahty 1s very hikely to have true diabetes msiprdus for which 2
cause should be sought  Some help 1n the localization of the defect may be obtamned
from the micotine test (Lewis and Chalmers 1951 Cates and Garrod 1951) This
test depends on the fact that micotine Iike acetylcholine stimulates the releasc
of ADH independently of the p Thec 10n of an antid
response to mcotine and no response to hypertonic saline solution therefore suggests
a lesion lving the osmorecep th 1 and which does not directly
nvolve the pitwtary  The nicotine test has the additional merit that it can be carried
out 1n patients who are unfit to the very derable exp of
plasma volume induced by the hypertomic saline sofution test (Lewrs and Chalmers
1951) These workers found that the results of the nicotie test alone gave 2 clear
difference between 7 patients with diabetes insipidus and 3 patients with psycho
genic polydipsia  The test can be carried out in previously hydrated subjects exther
by inhaling deeply the smoke of 1-3 cigarettes until nausea 1s produced (Lews
and Chalmers 1951) or by giving intravenously 1-2 milligrams of mcotine to non
smokers and up to 6 milligrams to smokers (Cates and Garrod 1951)

Treatment

Since the output of urine depends not only on water reabsorption but also on the
amount of urea and salt being excreted the polyunia of diabetes insiprdus can be
abated to some extent by a low protemn low salt diet  This 15 merely a palhative
measure and by no means replaces ADH sub on treatment  Aqueouss pittiary
extract has an action too short to be of practical value Dried piturtary extract in
the form of snufl has been used but the most effective mamntenance treatment 1s
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as hydrocortisone especially 1f sodm loads are previously admimistered to the rat
Positne results are howesver given in the test of Simpson and Tait (1952} 1 which
Wecrease of the sodium potassum ratio 1s measured 1n the unne of rats which have not
receved a sodium load  but enh of 1310 part

with protein catabolism and possibly not entirely due to direct effects on the kidney
associated with electrolyte balance Nevertheless the tests give parallel results
Although a defect 1n electrolyte metabolism 1s probably not the direct cause of death
1n adrenalectomized ammals the ability to mamtain hfe by dufferent corticotds 1in the
adrenalectomized dog 15 strikinely parailel to their sodium retaming effects  Owing
to difficulties from toss of dogs with miumal doses for life maintenance control of
the blood non protein mtrogen Jevel 1s now used and 15 an excellent parallel method
of assay (Table I Pfifiner Swingle and Vals 1934)

Tests measuring the survisal of rats are by a further
factor n that ability to maintain growth in these ammals 1s also used as a critenion of
activity (Cartland and Ruizenga 1936) A further stermdal propeny 1s therefore

and less p d with the of carbohydrate

TABLE I
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CHAPTER 9

NEW ADRENAL CORTICAL STEROIDS
ALDOSTERONE AND SYNTHETIC COMPOUNDS

F T G Prunty

INTRODUCTION

IN skiTe of ats superficial nature the traditional classification of the biological
effects of the adrenal cortical steroids still serves a useful purpose for aswill be
seen no pound has been developed which Iy contravenes its generahza
tions  The corticoids may be defined as steroids with a 44 3 ketone structure and
at least the substitution of a hydroxyl at carbon 21 and ketone at carbon 20 Their
acttons fall into two main groups (1) electrolyte and fluid balance sodwm
retention 1s the most widely known feature in this connexion and (2) certan
functions i the regulation of carbohydrate metaboltsm  There 1s indeed overlap
of actrvity of individual compounds 1nto each of these groups to a greater or lesser
extent The adrenal cortex also synthesizes androgens which apart from having
virilizing activity induce anabolism of nutrogen  Stace little advance has occurred
recently n this particular field they will not be further considered 1n this chapter

The important ctive natural corticords which are found n adrenal extracts or
1n the blood emerging from the gland are listed sn Table Ifa) The only recent
addition to ths list 1s aldosterone  Another important advance 1s the development
of a range of synthetic substances beginming with the synthesis of the 9 « halogen
dernatives compounds which were found to have unexpectedly pronounced
biological activity  There ts now 1n existence a range of active synthetic compounds
(Table J(b)) which may be grouped into the following types {a)9 « halogen deriva
tives of cortisone and hydrocortisone for example 9 « fluorohydrocortisone  (b)
A1 cortisone and A* hydrocortisone and (c) 2 methylcortisone and 2 methylhydro
cortisone  Interesting b of these have also been synth d

Assessment of ammal tests

Chrueal Is not unfess 1s known of bl Lactivity
and for this purpose a varnety of tests are available which lend themselves to mote of
less accurate biological assay methods some of these methods have been the subject
of reviews by Dorfman (1949 1953) and by Noble (1950) In Table I are set out erght
methods of assay of corticord activity in ammals  Shight differences in interpretahion
may appear owing to variations 1 technique used by different observers  In considening
the results of any bio assay procedure attention must be paid to the completeness and
rapidity of absorption of the substance admuimstered the duration of its action and
the possibility of its destruction before the target organ 1s reached  These considerations
are p to the  The tests tend to fall Into two groups
Farst ability to cause sodium retention m the adrenalectomized dog and rat  There
1s difficulty 1n demonstrating sodum retention 1n these ammals with substances such
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serum potassium and fise i bicarbonate may be noted 1n data presented by Ward
and Hench (1955) Qualitativelyitappearsto be aseffective asdesoxycorticosterone
acetate 1 the maintenance of patients with Addison s disease but again the very
small amounts of material avaslable have prevented any long term observations
of thus effect  The desurable dosage 1n man 15 about 100-200 micrograms daily
Water retention occurs if the dosage 1s sufficient  The effect may be observed 1n
the few hours after admimstration of 2 dose or 15 mamfest with sodium retention
and weight mcrease when doses of 1 nulligram daily are adminsstered for 7 days
1 the case of Addison s disease (Thorn Renold et al  1955) Up to the pres nt
no important effects have been observed 1n man on the blood pressure but that hike
desoxycorticosterone 1t 1s hikely to cause elevation 15 suggested by the production
of hypertension 1n rats when 1t 15 administered for several months (kumar ef al
1956) Since the effects 1n ammals with respect to Jiver glycogen deposition are
so weak 1t would not be expected that a 1 milligram dose 1n man would have any
effect on indices of the carbohydrate regulating activity  Thus proves to be the case
with blood sugar levels ant: insulin effect and mitrogen excretion

Blood eosinophil Ievels —In general there are no effects with the doses mentioned
Tt 1s doubtful sf the small d of hils d d by Thorn Renold
et al {(1955) can be xcgarded as sigmificant and further observations on thus pont
will be necessary

Corncotrophin measurement i the blood —A property which 15 usually Imked
with that of the carbohydrate regulating hormones 1s the ability to depress secretion
of corticotrophin ~ Since the measurement of corticotrophun 1n the blood 1s com
plex 1indirect methods of assessing the effect are employed One of the best
methods 15 1o observe d of 17} n patienis N\h
prepubertal vinilism 1n whom the high 17 d 18 d by
a ugh rate of corticotrophin secretton  Cortisone 1s active 1n this respect 1 doses
down to about 30 mulligrams dailly No effect was observed 1n one patient with

doses of ald of 1050 daily (Prunty et al 1954) The same
propcrly may also be measured by obscrvmg the depression of the excretion of
17% ticords 1n normal Thorn Renold ef al (1955) found

10 supprcssmn with daily doses of 1 mulligram
Restoration of normal water handling —A function which has so far proved to
be a property of carbohydrate regulating corticords 1s the ability to restore normal
water handling by the kidney after dehydration or water loading 1n pauents wnh
Addison s disease  Ald 1n the doses employed has not been d
to correct this abnormality Thus aldosterone m an amount which may be
reparded as physiological or 1n an amount up to 10-20 times this dosage behaves
Iike desovycorticosterone and has none of the properties of the carbohydrate
regulating corticoids  Only 1n excessively large doses m ammals may these other
effects be demonstrated  In a brief tnial Ward ef af (1959) failed to demonstrate
any antirheumatic properties 1n rheumatord artheitis with daily doses of 1000
micrograms or less Y1t has been d that 1n man ald 18 from 20 to 50
times as potent as desoxycorticosterone

Physiology of aldosterone

The hormone has been demonstrated 1n the adrenal vern blood of the dog and rat
and in mimute amounts 1n the peripheral blood of man (see Dodds ef af 1956) The
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metabolism have an influence on the results  Hydrocortisone 1s relatively much more
active 1n this test than in the maintenince of the i/ ddog The

sroup of tests show a different spectrum of sterordal activity and 1n each of the naturat
steroids hydrocortisone is the most active  Inducement of deposttion of lver glycogen
1n the adrenalectomized rat 1s a useful method of assay and 1s specifically related to
the control of carbohydrate metabolism It will be seen that as in the case of the
natural steroids synthetic sterords active in the test are also active 1n the muscle work
test of Ingle (1944) the supp of induced inrats and the

of the eostnophils of mice  In man liver glycogen levels cannot be easily determened
and more sndirect criteria have to be used such as eosinophil depresston nitrogen
catabolism 1increased unnary glucose and mcrease of uric acid excretion Al these
effects run parallel with the carbohydrate regulating activity of the sterords and for
conyvemence these properties will be grouped together under that term It will also be
seen that compounds which are active m this respect are potent tn the depression of
excretion of adrenal steroid metabolites when admimstered to patients

ALDOSTERONE NEW NATURAL CORTICOID

Indications that adrenal extracts contained potent biological actrity which had
not been accounted for by the known steroids they contaned led to a search for
new compounds (Simpson and Tait 1955b) With the aid of new methods of
chromatography which have enabled use to be made of microgram quantites of
material aldosterone was 1solated and 1ts chermcal formula established Com
pared with other corticold hormones 1t has a novel structure possessing an
aldehyde group at C 18 (Simpson er al  1954)

Biological activity

Since the original 1solation experiments were guided by 2 bro assay method which
depended upon the ability of the substance to cause sodium retention and potasstum
excretion in the adrenalectomized rat its potency in this respect was already established
It s shown in Table [ that with regard to sodium retaining capacity and ltfe maintenance
in laboratory amimals 1t is about 30 tumes as potent as the most active known steroid
desoxy d th active n the rat m amounts of 0 I microgram
or Jess On the other hand 1ts effect on eosinophls and hver glycogen depositton 18
about one third that of cortisone  There 1s no effect on suppression of inflammatory
Indeed like d 1t may even the ant1 inflam
matory effects of hydrox when the I pouch m the rat
15 used (Selye 1955) These findings have received almost complete confirmation in
man  Sodium retention can easily be detected wath doses of 100 micrograms and this
can be demonstrated 1n both normal mdividuals and patients with Addison s disease
(Hetz¢l er al  1956) Its effect on potassium excretion 1s though transitory relatively
intense so that the determnatton m the urine collected 3-5 hours after a dose of the
sodium potassium ratio 1s a very sensitive measure of its activity  Another convenient
index of 1ts activity 1s the decrease 1t produces in the sodium potassium ratto i the

saliva (Simpson and Tatt 1955a)

Dosage and effects
The substance 1s quite actwve orally but 1s best given mtramuscularly (Hetzel
et al, 1956 Thorn Sheppard et al 1955} The duration of its activity 18 only a
few hours depending upon the dosage admintstered No pronounced changes
1n the electrolytes in the serum of patients given aldosterone have been observed
probably because periods of observation have been short but the expected fall of
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hyperplasta of thecortex  Excess of ald or sodim bst

1n the unne may not be found bust there may be evidence of exgess unnary meta

bohites of both ds and k d feature 15 the way
in which urnary ketogeme steraids may be snereased together with elevation of
the plasma hydrocortisone and wnhout the deselopment of typical Cushwngs
disease {(Brooks et ol 1957) On the other hand st has been realized for several
years that hypokalsemia and alhalosis occur in Cushings disease and a few
patients with this condition have mow been observed m which sodium setamng
substances or aldosterons have been increased wn the unne (Venmng er af 1955

Nowaczynsk: ef al  1956)

Pramary aldosteromsn

On account of the fact that Cona s patient did not have Cushung s disease and
excreted excessive sodmm retamng substance Conn labelled the condition

primary aldosteronism This term was used to differentiate st from other
patholopical states m which excess aldosterone was hnown o aceur  The mmper
tance of this termunology hes in the fact that it stresses the peculiar ehmeal picture
presented by these patients rather than mdrcating a constancy of hormonal pattern
of the type onginaily suggested

Secondary aldosterontsm

Before the ‘ fi of ald 1t was known that the urine
of patients with nephnus excessne of a sodium
retaung substance and thus was later identified as aldosterone (Luetscher Dowdy
and Harvey 1955} ft has since been demonstrated m pattents wath cardyac farlure
with oedema and arrhasis (Luetscher and Curtis 1955} These conditions have
been termed  secondary aldosteronsm The mechamsm 15 still enigmatical
There 15 a reduction of unnary sodium excretion but hypokalaessa and atkalosis

are absent due 1t 15 suggested to reduced sodwum excrefion through the kidney
{Bactter 1936}

Hyp and mereased ald exeretion

4 of ald may occur 1n other Grcumstances It has
been observed 1n patients with hypertenston (Gornall Ganlliam and Hall 1956
Genest ¢f ol 1956) briefly after surgical operations {Liaurade Neher and Weit
stem 3956) and dunng stressful expeniences (Venming and Dyrenfurth 1936}

Pregnancy
The excrehion of aldosterone sises duting the latter past of pregnancy as does
the plasma hydrocortisone level (Martm and Malls 1956)  Although at the moment

there does not appear to be any additional mcrease of excretion 1n toxaemma of
pregnancy the question of 2 possible role of aldosterane 1nt this condilion may not

be entsrely settled
Estimation of sldosterone

Since such small amounts of aldasterone are 1o be found s the urine it 15 probable
that as in the case of hydrocortisone the major part of the hormone 15 metabohzed
toan Eather hods of two assay o
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amount appearing in the urine 1n the form of free sterord after admtnisteation of a large
d'c‘»se mtruenousty i man s very small (Malls 1954) 1t scoms bkely that after
are made for “the major part 1s metabolized to inactine steroids
Itis 1ly agreed that by the adrenal is only slightly sttmulated
by corticatrophin and 1n man the effect 1s small and immediate and tends to fall off
after a few days admuinistration (Bartter 1956) It 1s interesting to note that this
I of ald with the period of maximal sodium retention when
corticotrophin is given (Prunty er af  1953) Aldosterone may be found in the urine
after hypoph m dogs a of about one third occurting (Farrell
Rauschkolb and Koletsky 1955) it 15 present in the urine of pattents with panhypo
pituitarism and may be absent tn Addison s dsease

Secretion control
Its secretion can however be modified very greatly by changes in electrolyte ingestion
and by hydration Reduction of sodium intake or increase of potassum ntake
s and (Luetscher and Curtis 1955) On the other
hang alterations in the extracellular fluid volume are also effective reduction sumulating
the secretion of the hormone  This may be seen following the admimistration of Pitressin
1n man Aldosterone excretion falls with fluid expansion induced by Pitresstn and
nises after its withdrawal and when the volume of extracellular fluid 1s falung (Muller
etal 1956) Bartter (1956) presented arguments that the effects of sodium are mediated
through secondary changes 1n fluid volume and not by virtue of changes tn electrolyte
concentration whereas changes in may Tves exert an
effcct  The latter 1s supported by the finding that perfusion of the adrenal with 2
potassium nich medium increases the amount of aldosterone produced bv the gland
(Rosenfeld ef af 1956) That further mechamsms for the control of aldosterone
exist 1s d by the nats in the adrenal venous
blood of decapitated dogs (Rauschkolb and Farrell 1956) There 1s experimental and
other evtdence to show that synthesis of aldosterone n the adrenal of the rat primanty
occurs 1n the zond glomerulosa rather than in the zona fasciculata which ts more com
pletely under the control of (Giroud henko and Venning 1956)

Pathol 1 rel hips of

Hypokalaenua and alkalosis in Cushing s disease

Increases m the excretion of aldosterone have been noted under two differing
types of circumstance  In the first 1t appears as a result of pathological conditions
of the adrenal gland  These include benign and malignant tumours of the cortex
and the over active adrenals of Cushings disease  This first came to hight with
the observation of Conn and Lows (1956) on a patient with an adenoma of the
cortex It was shown that there was a large amount of sodium retaimng substance
presumed to be aldosterone in the urme although the excretion of 17 hydroxy
corticords and 17 ketosteroids was normal The chemical findings 1n this patient
led to the discovery of similar cases  Chmcally there 1s hypertension 1n the absence
of the typical obesity and muscular wasting of Cushing s disease together with a
tendency to hypokalaerma and alkalosis “The hypokalaemia may lead to incidents
of muscular paralysis and even tetany as occufred in Conns ongmal patient
Polyursa 15 also an important symptom  Heart farlure and even more mnportant
renal failure develop  The latter may lead to confuston 1n the primary diagnosis
and probably results from the hypokalaemia which 15 known to cause renal
damage Patients observed since Conn s original description have shown deviations
from this picture  The pathological lestons may be adenoma carctnoma or merely
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agree that thesr sodum retaming properties are intense and that the compound
15 active orally in small doses By slow intravenous admmistration 9« fluoro-
hydrocortisone 1s equipotent with aldosterone and 1ts action may be prolonged
(Thorn Sheppard ef @l 1955) This method of administration produces the most
powerful effect on sodum retention whatever the steroid used 1n man hydro
cortisone 1nduces 1ntense retention of sodium during the few hours of its infusion
This may be due to the fact that rapid exposure of the kidney to a high hormone
concentration 1 the blood “permuts mncreased tubular reabsorption of sodum
before any effect 1n increasing its rate of glomerular filtration becomes predominant
and obscures the mcreased reabsorption  Judged 1n this way 9 « fluorohydrocortt
sone has almost 50 times the potency of the parent compound Like other sterotds
causmng sodm retention these synthetic substances cause transitory increase 1n
the excretion of potassium  In a study in Addison s disease using more prolonged
oral admimstration for several days Garrod et al (1955) obtained sirmilar results
After 7 or 8 days usmng ] mulligram doses there was a distinct tendency for
decreasing sodium retention body weght 1ncrease due to flmd retention was
pronounced and the expected fall 1n packed cell volume and serum potassium
together with increase of serum sodium concentration occurred The sahvary
sodium potassium ratio fell

‘With regard to the properties d with carbohyd 1 actiity
mn man there 1s a stmular unanimty tn the results obtamned Measurements of
urmary glucose excretion nitrogen loss and uric acid excretion led Thorn Renold
et al (1955) to the conclusion that 9 « fluorohydrocortisone was at least 20 times
as potent as hydrocortisone In Addisons disease Garrod et al (1955) noted a
potency of less than 100 times that of cortisone Dosage was Limited by the salt
retention produced  The abnormal T waves in the electrocardiogram in Addison s
disease were not returned to normal with 0 5 milltgram doses and the abnormal
handling of water loads was not rectified to the same degree as with the cortisone
m 50 mulligram doses

Depression of adrenal activity

In individuals with normally functiomng adrenals suppression of ketosterords
17 hydroxycorticoids and 17 ketogenic steroids occurs with 9 « fluorohydro
cortisone  The reduction of the corticosd metabolites seems to be the greater of
these two effects (Thorn Renold et af 1955 Cope 1956) In the adrenogenital
syndrome 9 « fluorohydrocortisone 1s a powerful suppressor of the abnormally
raised 17 ketosteroids and hence by mference of the rate of corticotrophim
secretion (Kupperman ez o/ 1955) This compound was the most powerful tested
and was at least 10 tumes as active as cortisone so that doses of 2-3 mulligrams
daily were quite active The unnary 17 ketosteroids 17 hydroxycorticoids and
17 ketogentc steroids are only excreted 1n small amounts when 0 5-1 milligram of
9« fluorohydrocortisone 1s given to patients with Addison s disease  This advan
tage together withits potency makes the compound emently switable for demon
strating the depression of adrenal activity which can be induced 1n Cushmg s
disease due to adrenal hyperplasta The phenomenon 1s of practical use n the
differentiation from adrenal cortical tumours which do not respond with such
depression (Cope 1956) However 1t seems that occasionally when cortical
hyperplasta 1s present (Prunty 1956) this lowering of ketogenic steroid excretron
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NEW ADRENAL CORTICAL STEROIDS
punified unne extracts but recent developments have aimed at methods wath more
stringent criterta of physical and chemical purity (Neher and Wettstein 1956 Ayres
Simpson and Tait 1957) Reports of the extreme range of this substance 1n normal
urine vary from 0 to 19 micrograms per day (Avando eral 1956 Ayres Simpson and
Tait 1957)  Still further research s required for the development of rehable techniques

SYNTHETIC COMPOUNDS
THE HALOGENATED STEROIDS

Electrolyte and carbohydrate regulating properties

The first of the new synthetic compounds to be widely studied were the 9 « bromo
chloro and fluoro derivatives of cortisone and hydrocortisone  The activity of
9 « fluorohydrocortisone 1n ammal assays 1s 1nd d in Table I En} t
of the electralyte regulating properties has occurred so that 1t 1s approxuimately
5 times as active as desoxycorticosterone  Surpnisingly carbohydrate regulatmg
properties with respect to hydrocortisone have also been enhanced about 10 times
so that there appears to be a new balance of activity introduced nto the compound
by the presence of the fluorine atom The ratio of the electrolyte and carbo
hydrate regulating potency 1s similar to that of corticosterone but the over all
potency 1s about 30 times greater

Relative potencies  the hydrocortisone series

Detailed studies have been carred out on the relative potencees of the halogenated
series  Fried (1955) compared the four halogenated hydrocortisones and bromo
chloro and fluorocortisones  In the hydrocortisone series a graduation was observed
with respect to effects related to carbohydrate regulating activity 1 the direction 10do
bromo chloro and fluoro 9« fluorohydrocortisone being 100 tmes as active as the
1odo denivatives and from 2 to 3 times as active as the chloro compound  The hydro
cortisone derivatives are seen to have about the same relative tncrease tn potency
compared to the cortisone derivatives as one mught expect from the relative potencies
of the parent compounds that 1s rather less than 2 to 1 This refative increase 1n
potency was even more marked in the antt inflammatory test performed by the implanta
tion of cotton pellets in the rat  In the dog9e hyd! tisone
acetate was more powerful in producing eosinopenia than the chloro compound (Liddle
etal 1954) Comparison of the sodium retaiming properties reveal interesting findings
1t was found that m low doses in the dog the effect on sodium retention exceeded
that of desoxycorticosterone 1n the cases of the chloro and fluoro compounds and by
approumately the same amount In higher dosage the increased sodwum filtration
induced by the increase of glomerular filtrattonrate resulted 1 over all loss of sodiem
In Fried s (1955) expeniments on the other hand 1n the rat 9« chlorohydrocortisone
was the most potent steroid being about 10 times as active as desoxycorticosterone
whilst 9« fluorohydrocortisone was less actne than this reference standard  but
others have found the fluoro compound to be 5 times as active as the reference substance
1n producing sodim retention 1n the rat (Stafford eral 1955) Differences in technique
and species differences may account for these varations rather than any ntrmsic
dissociation of the properties of the steroids studied

Potency
In chnical observations sumlar conclusions have been drawn concerning the

potency of the 9 « fluoro denvatives of cortisone and hydrocortisone All observers
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Prehmnary obsensations have been made 1n the rat (Fried 1955) and 1n man (Gold
fien Morse ef al 1955) From investigations of the biological effects of the known
adrenal steroids the presence of a 11 3 ketone grouping 1n ning A appears to be obli
gatory for actvity to be evident  However modification of the number and position
of substituent hydrovyl groups may be convemently observed by this method

The results of these studies are schematically summanized mn Table 1

1t 15 interesting to note that the introduction of the 11 g hydroxyl group nto
progesterone produced some shight activity 1 ncreasing excretion of urnnary
glucose The potency of this compound becomes appreciable i 2ll respects with
the introduction of the 9 « fluorine atom although the actnity was of a low order
The addition of a 21 hydroyl group further actnvates the compound 1n all respects
whereas the 17 hydroxyl group tends to enhance carbohydrate regulating activity
at the expense of mneral activity  These conclusions are broadly 1n accord with
the effects of vanation of structures of the parent compounds (Table I) It s of
1nterest to note the great sodium retaining effect of 9 « fluorocorticosterone  The
substitution of a methoxy or ethoxy group for fluorine 1n hydrocortisone abolishes
activity m the rat

PREDNISONE AND PREDNISOLONE
These P ds are respectively Al-cor d 4* hydrocortisone whichbio-
logically appear to be almost indistinguishable from one another “They are hke
hydrocortisone almost mactne in causing sodium retention 1 rats about equ
potent with d tic m lfe and from 3 to 4 times more
potent than hydrocortisone in carbohydrate and anti inflammatory effects (Table I)
7Modification of the hydrocortisone molecule therefore shifts the balance 1n favour
of possible gatn 1 anti inflammatory potency This again has proved to be the
case and extensive work has already been done in patients  The earliest metabolic
studtes (Thorn Renold ef a/  1955) showed with intravenous use a sodiim retain
1ng activity equal to that of cortisone but more prolonged When the substance
was adminstered orally difficulty was d 1n the prod
of sodium retention  In a series of longer studtes Nabarro e of (1955) found that
sodium retention was difficult to mduce and like others that a diuresis of water
and sodium could indeed occur on changing from cortisone to prednisone  On the
other hand carbohydrate regulating effects were increased In an adrenalecto
mized patient the anti insulin effect was greater with prednisone than with cortisone
and the eostopemc effect in other patients was about 3 times that of cortisone
The same authors comment too on the induced mcrease 1n nitrogen excretion
This was also stressed by Thorn Renold ef al (1955) who reached similar con
clusions and by Bunim et al (1955)

Suppressne properties

These compounds are valuable in the suppression of adrenal cortical secretion

pp corticoid bol. nd k ds In adrenal vinlism due to
cortical hyperplasia the suppression 1s very good even 1n doses of 10 miiligrams
per day or possibly less (hupperman ef of 1955) Many surveys have been made
m patients with rheumatoid arthntis (Harteral 1955 Bumumefal 1955 Boland
1955 and others) and all agree on the potent effects There seems to be kittle
d between pred and predmsol both bemg about 3-5 times as

s .
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can be transitory or even ot occur  Although doses of I mulligram cause suppres
ston of adrenal activity 1n normat individuals 1t 15 probable that doses up to 10
times this amount might be destrable 1 diagnostic observations 1 Cushing s
disease (Cope 1956)

Therapeutic trials in rheumatoid arthnitis

In therapeutic trials sn rheumatord arthritis and other conditions those who have
vsed 9 a fluorohydrocortisone have found that salt and water retention are so
pr d that 1t d aband of the study This may be accom
panied by a significant fall of serum potassium and alkalosis (Ward and Hench
1955)  An observation n Addison s disecase on the comparative effects of 9«
fluorocortisone and 9« chlorocortisone 1 ducing sodium retention indicates
that the former 1s more actve than the Iatter (Goldfien Latdlaw ef al  1955)

It would be expected from the results of animal experiments and its metabolic
effects indicating pronounced carbohydrate regulating actisity m human beings
that 9 « fluorohydrocortisone would have powerful effects i the control of
rheumatoid arthniis and this 1s 5o Thirteen patients were treated by Boland
(1955) and 4 by Ward and Hench (1955) The compound was found to be about
10 times as effective as hydrocortisone and cortisone but the observations had to
be termunated on account of pronounced sodium and water retention  Some
sigmficant effect 1n elevating the blood pressure was observed  Other observers
have reached the same conclusions

9 « Fluoro derivatives of related compounds

The ability to enhance the effect of sterords by the introduction of the 9 « fluorine
atom has permitted a study of the effects of the alteratron of structure 1n other
parts of the molecule

TABLE 11

EFFECT OF THE PRESENCE AND POSITION OF HYDROXYL GROUPS ON
BIOLOGICAL ACTIVITY OF FLUORINATED STEROIDS

Man [ Rat
Compound ALK | vtohdrate | Meneral | Glycogen | Sodum
actinity acusity | deposition | retention
Progesterone J — 0 ] I -—
11 £ Hydroxyprogesterone l 11 gOH + [1] — -
9« Fluorme deryvatives of
11 8 hydroxyprogesterone 11 80H + + + +
11 # 17 « Hydroxyprogesterone 11 OH 4+ + ++ E
172 OH
Corticosterone 11 8OH + 4+ B S T ek
2{2 OH
17 « Hydroxycorticosterone HEOH | ++++ 4+ | +
172 OH
212 OH |




CONCLUSIONS

compounds was approumately the same as the parent compounds that 15 2

methylhydrocortisone was as potent as hyd tisone and 2 methyl ohydro

cortisone 10 times as potent  Sumilar relations were found i respect of urinary
mtrogen excretion  Yet by the use of the granuloma pouch techmique in rats

2 methyl 9 « fluorohydrocortisone 1n small doses could be shown to be more
potent 1 the b of the anti infi; y action of hydrocortisone acetate
than desoxycorticosterone acetate  with larger doses this effect became less
(Selye and Bors 1956) The metabohism of the methyl compounds 1s of nterest
for after their ad ton there 15 prol of elevation of blood levels
when compared with hydrocortisone and their almost complete farlure to contnbute
to the glucuromde fractions of 17 hydroxycorticonds  About 3 per cent of 2

methylhydrocortisone can be accounted for in the urine as the free compound

Actinty

A pomt of nterest 1n these observations 1s the effect of 2 methylation on the
actity of 11 B hydroxyprogesterone It will be recalled that 9 « fluorinatron
activated the latter compound i carbohydrate regulating effects and sodium
retention  Simlarly 2 methylation of 11 £ hydroxyprogesterone renders 1t active
n causing sodium retention

CONCLUSIONS
Corticoid activities

1t has long been known that the 4! 3 ketone grouping 1n ning A 15 essential for
biological activity of corticords and that the 21 hydroxyl 20 ketone grouping 1s
also necessary The activity of the 9 o fluoro and 2 methy! 11 8 hydroxyproges
terones 1s therefore of interest The studies with the fluoro compounds confirm
the 1mpression that the addition of the 11 8 hydroxyl group to the corticoid
molecule enhances the carbohydrate \! action with d of mineral
actwity and this 15 further accentuated by the addition of the 17 hydroyl group
Table 11T summanizes so far as can be judged from the published data the activities

TABLE 111
APPROXIMATE RFLATIVE POTENCIES OF NEW STEROIDS IN MAN

D
Electrol Carboh il WL
Compound actoity actiary suppression | actiity
mg daly
Effectne Potency Potenc;
dose DCA=1 “F =y 1
Aldosterone 100 pg1m 30 —?
9 « Fluorohydrocortisone { 100 pg orally 20 10-20
4 Hydrocortisone <100 mg orally] Very poor 3
4! 9 a Fluorchydro-
cortisone 100 g orally 20 ?
2 Methythydrocortisone 2 5 mg orally| 1 TJ
2 Methyl 9 = fuoro-
hydrocortisone 25 pg orally 100 1o 6 -

F = byd ocoruison ~E e corusope
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active as cortisone  Oedemn produced by the latter tends to disappear and sodium
restriction is unnecessary  Hypertension introduced by hydrocortisone may be
reduced by these substances (Boland 1956) otherwise the side effects commonly
seen with cortisone were apparent  Boland particularly stressed the sncreased
liability to peptic ulceration  this seems to require further mvestigation

Prolonged action compared wuth cortisone

Some observations have suggested that the action of predmisone and prednts
olone 15 prolonged 1n comparison with cortisone  When sumilar doses 1n a com
parison of corttsone and prednisolone were used the latter produced a higher blood
level of steroid which persisted for a longer period (Ely Done and helley 1956)
Studies of urine metabolites do not ndicate that predmsone 1s metabolized to
cortisone but rather that 1t 1s mactivated ulimately m the body by reduction of the
20 ketone grouping (Gray ez al  1956)

4' 92 FLUOROGHYDROCORTISONE
This compound combines the features ofa 9« h tisone and pred;

So far studies of its properties have been limited but 1t seems clear that it 1s the most
actve compound obtained as regards the deposition of Iver glycogen and antt inflam
matory tests a property which could be predicted from its structure (Table I} Howeser
further data are required before 1t 1s certamn that its effect on liver glycogen Is pro
portronately greater than its effevt on inhibiting inflammation  In both the rat (Table I}
and man the sodium retaintng properties are about equal to those of 9 « fluorohydro
cortisone (Thorn Renold er a! 1955 Prunty eral 1956) Itis highly actrve in Addt
son s disease 1n doses of 250 micrograms orally daily 1t1s however possible that the
sodium retention may prove to be of shorter duration than in the case of 9e fluoro
hydrocortisone (Lt ef a/ 1956 Sala and Ballabio 1956) In the normal individual
1n doses of 1-5 milligrams darfy 1t has a good effect 1n the suppression of urnary

steroids and 17 & ds (Prunty er al 1956) We have not enough data
yet to evaluate its relative potency as an anticheumatic agent but it seems at feast as
potent as 9« fluorohydrocortisone (Sala and Ballabio 1956}

2 METHYLCORTICOSTEROIDS

Potency
The latest introduction to the serics of synthetic compounds are the methylated
analogues (Liddle ez o] 1956) In the dog test (Iable I) 2 methylcortisone or
2 methylhydrocortisone produced variable results on sodium retention whereas
1n the rat test the potency was shightly greater than that of desoxycorticosterone
The surpnsing feature of these compounds s the great potency of 2 methyl 9 =
fluorohydrocortisone (Table 1) which exceeds even that of aldosterone On the
~other hand the sodium retaining actvity of desoxycorticosterone 1s reduced by
the process of 2 methylation  In man 2 methylhydrocortisone appears to be more
than twice as potent as hydrocortisone in producing sodium retentron and potasslum
loss 2 methyl 9 & fluorohydrocortisone was active 1 25 microgram doses  In
the glycogen deposition test (Table 1) this compound appeared to be significantly
more active than the parent 9 « fluorohydrocortisone and nearly as ctive as
A1 9 « fluorchydrocortisone  In man the eosinopenic effect of the methylated
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of androgenic produc( dernved [mm cortisone use of smaller quantities of the
fluore P may be d n therapy after adrenalectomy
for cancer or alternatinely as an adrenal suppressive agent 1n patients upon whom
1t 1s not desired to operate  In the Jatter case the need for avoiding excessive salt
and water retention by sodium restriction and chlonde

would have to be assessed Likewise 9 « fluorohydrocortisone 1s most useful for
testing adrenal suppression but care should be exercised in hypertensive individuals
with cardiac failure evenafitis used only for a few days  In such cases predmisone
or predmsolone would probably be preferable In the adrenogemital syndrome
for longer term suppression of adrenal activity the latter compounds are to be
preferred (Kupperman et al  1955) although in thelong run maximum therapeutic
with muinimal side effects might be obtamed with combinations of small doses of
A fluorchydrocottisone and predmisolone  In rhenmatoid arthrins and other
diseases suppressed by cortisone predmsone and predmisolone appear to be the
most satisfactory steroids on account of absence of salt and water retention but for
no other reason This property 1s useful with patients who have developed hyper
tension and cardiac failure on cortisone as they can show considerable improve
ment when predrusolone 1s substituted
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1n man of the tmportant compounds that have so far been discovered  Increase m
potency of the basic corticoids has been induced 10 two directions—increased
mineral activity 1n the cases of aldosterone 9 « fluorination and 2 methylation and
increased carbohydrate regulating properties by 1-2 dehydrogenation and 9«
fluortnation

Aldosterone and rclated adrenal hormones

It has as yet proved easier to enhance clectrolyte actwvity 1In the case of
aldustironc in man 1t 1s doubtful if any carbohydrate regulating propertics have
been rated owing to I of the doses used The discovery of
aldosterone by no means precludes the possibility that other related adrenal
corticord harmones will be found  further work remains to be done on the nature
of its metabolism in the body and on the mode of regulation of its secretion At
present 1ts field of practical usefulness appears to be restricted as other more
easily obtainable compounds produce the same effects  Of the synthetic substances
the extreme potency of 2 methyl 9 « fluorohydrocortisone 1 causing sodium
retention 1s specially notable  Its closest synthetic competitor appears to be 9«
fluorocorticosterone

Antr inflammatory actinty

The practical demand now 1s not for powerful sodium retarming substances but
for compounds with d antt y actvity and preferably without
the capacity to mduce salt and water retention and hypertension and without the
other side effects usually assoctated with cortisone  With the synthests of pred
nisone and predmisolone the former objective has largely been achieved but with
Iittle progress as regards the latter In the case of the fluorinated compounds the
enhancement of all these properties simultaneously and 1n sunilar degree precludes
their practical use for this purpose However the queston s raised of the
possibihities 1n newcompounds of which there are bound to be many of dissocration
of the properties grouped together as carbohydrate regulatng  So far there
has been no major indication that this 1s hkely to be so  These properties run
parallel with the anti inflammatory effects Possible clues such as the comment
by Thorn Renold er al (1955) that aldosterone may exhibit 2 dissociation of the
eostnopenic from other effects have been ponted out however and the powerful
effects of the 4! compounds in ducing negative nitrogen balance have been noted
Liddle ef al (1956) comment upon an apparent wncrease 1n potency of 2 methyl
hydrocortisone m the dep of Iiver glycogen without a pond
alteration 1n its eosinopenic effect or in 1ts urinary steroid depressing powers
A1 9 « fluorohydrocortisone and 2 methy! 9 « fluorohydrocortisone may show
disproportionate potency in liver glycogen deposition

Most favourable therapeutic uses

At the present time the most favourable therapeutic uses for the avarlable
sterords may be summarized as follows In Addison s disease and after adrenalec
tomy the continued use of cortisone 15 ndicated for 1ts marntenance value and
nduction of that 11l defined sense of  well bemng A few patients appear 10
require additional salt retaining sterords (Garrod et af  1955) and the oral use of
9 « fluorohydrocortisone 1n small doses 1s helpful In view of the small amount
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PROBLEMS OF INVESTIGATION

When equiltbrium 15 established the space through which the substance or
1on 15 distributed can be calculated At the present time these techmques have
rassed as many problems as they have answered and there 1s uncertainty as to the
exact anatomical limuts of for example the chlonde space
Influence of other hormones and factors

The simplest method of studying the action of an adrenocortical hormone 1s to
give 1t to an adrenalectomized or addisoman patient and observe the effect on
electrolyte and water metabolism by the techniques described above It 15 now
clear that the actions of a steroid under these conditions may be quite dfferent from
those 1n a normal person  Cortisone will cause sodium and water retention 1n an
addisonian patient butif the same patient s given desoxycorticosterone 1n addition
cortisone may induce a diuresis of sodium and water  Stmlarly Conn (1955) found
that cortisone and hydrocortisone induced a natriurests when grven to a patient
with an aldosterone secreting tumour The action of desoxycorticosterone may
‘e qualitatuvely and quantitatively different 1n an addisoman patient and a normal
subject In the former sodium and water retention with the development of
pulmonary oedema 1s readily induced whereas in a normal subject—presumably
because of the presence of other adrenocortical hormones—very large doses may
fail to produce oedema and may 1n dogs give rise to polyuna and polydypsia with
marked loss of potassium

These differences 1 action may be related not only to the antagontstic or modify
g effects of other hormones but also to the prevatling state of electrolyte and
water balance Some nvestigators for example have found hydrocortisone to
have httle effect on sodium excretion whereas others observed that if the same
expenimental animal was given a sumular dose and was also loaded with water the
excretion of sodm actually increased Corticotrophin (ACTH) 1n a dose
of 100 milhgrams daly causes sodium retention n 2 normal subject on an
unrestricted sodium 1ntake  when potassium acetate 1S given concurrently sodium
retention does not occur  This effect was attnbuted by Liddle Bennett and
Forsham (1953) to displacement of body sodium by potassium 10ns and to sup
pression of renal tubular exchange of hydrogen 1ons for sodium i1ons  An
alternative explanation may be that the p PP d the of
aldosterone

SITE OF ADRENOCORTICAL HORMONE ACTIVITY

The obwvious effect of adrenocortical hormones on renal function led some
mvestigators to believe that the overall changes in water and electrolyte metabolism
were attributable to thisaction  the und d changes in ntracellul:

were dered dary to the al 1nduced by altered renal function
Studying the development of acute adrenal insuffictency 1n dogs Swingle noted
several years ago that the external losses of sodium and water were too small to
account for the observed degree of dehydration and haemoconcentration and
postulated a shift of sodum potassium and water mto the cells There 15 now

s d (iLmt di tical hormones have a direct extrarenal action
and the of el lytes and water between the extracellular and

Hitracellular compartments throughout the body Our knowledge of the wide
spread influence of adrenocortical steroids in other physiological spheres makes ths
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CHAPTER 10

ROLE OF ADRENOCORTICAL AND PITUITARY HORMONES IN
WATER AND ELECTROLYTE CONTROL

R I S Bavuss

PROBLEMS OF INVESTIGATION

THE ROLE which prtuttary and adrenocortical hormones play 1n controlling water
and electrolyte metabolism 1s being elucidated only slowly This 1s due 1 part
to the complexity of the problem and the many factors mvolved and 1n part to
the fact that the pitwitary and adrenal cortex secrete multtple hormones which may
be antagonistic to each other There 15 also a lack of satisfactory methods for
studying salt and water metabolism At one time nvestigators were content to
study the concentration of tons 1n the plasma but very substantral losses or gams
of sodium may occur without any measurable alteration 1n the plasma level
Homeostatic mechanisms usually succeed 1n adjusting the volume of plasma water
to maintain normal tonic values and osmotic pressure  Thus 1 addisonian patients
marked depletion of total body sodium can take place and even an addisontan
cnsis occur without the plasma sodium level falling Simularly in Cushing s disease
the loss of potassium from the body may be considerable yet in the majonty of
patients the serum level 1s normal

Balance studies

An important step forward was the mtroduction of balance studies 1 which
changes 1n body water are nferred from changes 1n weight and losses and gains
of electrolytes determined by the difference between intake and output This
techmque assesses the external balance and only provides informatton concerning
the overall exchanges between the body and the exterior as medated n most
mstances by the kidney

There 15 no doubt that adrenocortical hormones influence the distributton of
water and electrolytes between the extracellular and intracellular compartments
The measurement of these mternal shifts poses a considerable problem but 13
essentral to a further understanding of adrenocortical action Direct chermcal
analysis of the cells 15 an imperfect solution of the problem In man only skeletal
muscle 1s readily available for biopsy and 1t may not be representative of other
tissues  Furthermore the number of such biopsies must be limited  There 15 also
the practical difficulty of obtaining ntracellular material free of extracellular flurd
Despite these drawbacks analysis of skeletal muscle has been of value 1n confirming
changes 1n ntracellular 10nic composition as determined by other methods

Further mformation about nternal shifts of water and electrolytes has come
from the use of dilution techmques mn which a known amount of a foreign
substance (such as mulin thiocyanate mannitol) or a radioactive 1sotope (sodtum
chlorine bromine potassium deuterium tritium oxide) s introduced nto the body

122



PROBLEMS OF INVESTIGATION

When equilibrium 1s established the space through wluch the substance or
10n 15 distributed can be calculated At the present time these techmiques have
raised as many problems as they have answered and there 1s uncertainty as to the
exact anatormeal limits of, for example the chlornde space
Tnfluence of other hormones and factors

The simplest method of studying the action of an adrenocortical hormone 1s to
give 1t to an adrenalectomized or addisoran patient and observe the effect on
electrolyte and water metabolism by the techniques descnibed above It 15 now
clear that the actions of a sterotd under these conditions may be quite different from
those m a normal person  Cortisone will cause sodium and water retention in an
addisomian patient but1f the same patient s given desoxycorticosterone in addition
cortisone may mduce a diurests of sodrum and water  Simularly Conn (1955) found
that cortisone and hydtocortisone induced a natriuresis when given to a patient
with an aldosterone secreting tumounr  The action of desoxycorticosterone may
be qualitatively and quantitatiely different 1n an addisoman patsent and a normal
subject In the former sodium and water retention with the development of
pulmonary cedema 1s readily induced whereas m a normal subject—presumably
because of the pr of other ad tical hor ry large doses may
fail to produce oedema and may 1n dogs give nise to polyuria and polydypsia with
marked loss of potassium

These differences in action may be related not only to the antagomistic or modify
1ng effects of other hormones but also to the prevailing state of electrolyte and
water balance Some mvestigators for example have found hydrocortisone to
have httle effect on sodium excretion whereas others observed that 1if the same
expertmental ammal was given a similar dose and was also loaded with water the
excretion of sodium actually increased Corticotrophin (ACTH) mm a dose
of 100 milbgrams daily causes sodium retention 1n a normal subject on an
unrestricted sodium intake when potasstum acetate 15 given concurrently sodium
retention do¢s not occur  This effect was attibuted by Liddle Bennett and
Forsham (1953) to displacement of body sodium by potassium 1ons and to sup
pression of renal tubular exchange of hydrogen ions for sodivm ions  An
alternative explanation may be that the potasstum suppressed the secretion of
aldosterone

SITE OF ADRENOCORTICAL HORMONE ACTIVITY

The obwvious effect of adrenocortical hormones on renal function led some
mvestigators to believe that the overall :hanges 1n water and clcctrolyte metabolism
were attnbutable to thisaction  the undoubted changesin

were considered secondary to the alterations induced by altered renal function
Studying the development of acute adrenal insufficiency 1n dogs Swingle noted
several years ago that the external losses of sodium and water were too small to

account for the observed degree of det and h and
postulated a shift of sodxum potassium and water into the cells  There 1s now
)
g that tical hormones have a direct extrarenal action
the exch: of el ly

and and water Bétween the extracellular and
lnua:ellular compartments throughout the body Our knowledge of the wide
spread influence of adtenocortical steroids i other physiological spheres makes this
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concept of renal and extrarenal actions more probable and s vuro studtes suggest
that steroids play an important role in regulating the permeabtlity of cell membranes
For example 1n a rather different field digoxin influences potassium exchange
across the myocardial cell membrane  In high concentration progesterone has a
sumlar action but in low concentration 1t exerts 1ts normal physiologtcal effect on
the endometrium where high concentrations of digoxin 1lso have an action  These
differences may well be attr ble to the h ! ¢ of the
particular sterordal molecule and to the different arct of the cell t
1n the various tissues

The evidence for an extrarenal action of adrenocortical sterosds 15 sound
adrenal msufficiency the composttton of the faeces the sweat and the saliva
changes n the same way as that of the urine  Woodbury (1954) found 1n nephrec
tomized adrenalectomized rats that these hormones influenced the electrolyte
composition of all tissues—an effect which must have been independent of renal
action  More recently studies of adrenal deficiency 1n dogs have shown a marked
decrease in the extracellular volume (as d by inulm 1 or thiocyanat
space) and a loss of sodium from this space that was greater than the net externa
Toss 1n the urine and faeces This loss of sodium has been attributed to intracellular
mugration but analysis of soft tissues although showing an increase in water and
potassium  has not revealed any marked change 1n intracellular sodium concen
tration  The studies of Hills ez a/ (1953) have provided some important mforma
tion on these events as they occur 1n adrenally deficrent man  Using the chloride
and 1nulin spaces as a measure of extracellular flurd volume they found that the
net loss of sodium potassium and water was greater than could be accounted for
by renal excretion and that there were constderable exchanges between the extra
cellular and intracellular compartments In fact external water loss was not 2

In

BODY
BLOOD CELLS
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K —\
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F16 3 —Suggested action of an adrenocortical steroid on the transport of rons (after
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conspicuous or constant feature of acute adrenal and internal fe
of sodium and p regularly preceded the develop of hyr acmia

These findings indicate that adrenocortical hormones produce a shift of water
from mnstde the cells to the extracellular compartment At the same time there 15
a correspondimg movement of sodium and chloride to the extracellular space while
the transport of potassium into the cell 1s increased Fourman (1956) has
suggested that the effect of an adrenocortical hormone on the kidney tubular cells
15 the same as on extrarenal cells because the steroid influences the cell surface 1n
contact with the extracellular flurd and not the surface in contact with the luminal
fluid (Fig 3) Thus the potassium content of the tubular cell 15 increased and the
sodum content dumimished and less potasstum and more sodium are reabsorbed
from the lumimal flid  In the body the net gain of sodium and loss of potasstum
resulting from the action of the hormone on the kidney and the uninary excretion
of electrolytes will ultimately overshadow the direct effect of the hormone on the
body cells and will raise therr sodium and lewer their potasstum content

HOMEOSTATIC MECHANISMS

The functional activity of a cell can only continue 1f the tissue fluid surrounding
1t 15 of the correct 1onic composition and exerts within narrow lumts the correct
osmotic pressure  Thus the composition of the extracellular fluid must ultimately
be dictated by the physiological requirements and chermical constitution of the
body cells themselves  Little 1s known of these factors which 1 health remain
comparatively constant since the 1omc composition of the extracellular fluid as
judged by analyss of the plasma also shows little variation  Thus stability of the
nulteu mterieur requires that the electrolyte concentration and the volume of the
extracellular compartment be maintaned within narrow lmits and this 15 ulty
mately achieved by the kidneys

Inlab y ammals ad tical hormones do not seem absolutely essential
to these homeostatic mechamsms  If kept at a constant temperature and fed on a
high salt diet adrenalectomized ammals survive and may breed On the other
hand adrenalectomized patients cannot live without replacement therapy and the
long survival of some addisomian patients given a hugh sodium low potassium diet
before the advent of desoxycorticosterone (DOC) must be attributed to a small
remnant of functioning adrenal tissue  Some varation 1n tubular reabsorption
of sodium 1s possible 1 ad 1 d patients d on a constant
amount of cortisone and DOC (Rosenbaum Papper and Ashley 1955) Ths
ndicates that fine adjustments of water and electrolyte control may not depend
upon mereased adrenocortical secretion and 15 in keeping with the general primciple
that these hormones do not imtiate any reaction but impose an enhanced degree of
fleubility and biological freedom by accelerating already existing processes

Control of concentration

Control of 10n1c concentration and hence of osmotic pressure 1n the extracelular
flmd resides predommantly 1n the osmoreceptors which were first described by
Verney and are discussed more fully 1n Chapter 8 A rise n the extracellular 1omgc
concentratton without a parallel increase m nt, llular molar c 1on
causes the receptor cells to stimulate the posterior pitwitary gland More ant1
diuretic hormone (ADH) 15 secreted and thus 1n turn promotes increased reabsorp
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tion of water by the renal tubules Consersely dilution of the plasma following
a water load inhibuts the release of ADH and the subules reabsorb less water This
response 1s dependent upon the functional integnity of the adrenal cortex  Inan
addisonnan pitient given a water load the tubules continue to reabsorb almost
the same amount of water as they did before dilution of the plasma occurred
Although there 15 hability to water ntoxication the excess fluid 15 eventually
ehminated but at a rate less rapd than in the normal subject There have been
several explanations for this failure of diuresis which 1s corrected by cortisone
and the most probable 1s that 1n adrenocortical mnsufficiency an abnormally Jarge
proportion of the excess water passes into the mtracellular compartment

The atality of the kidneys to reabsorb water in response to ADH secretton also
depends upon the | and functional integrity of the tubular cells
Potassium depletion of the cells from any cause reduces their responsneness (0
ADH and i primary hyperaldosteromsm there 1s usually polyuria and hypos
thenuna uminfluenced by injection of Pitressin  This functional mpairment of
tubular activity 1s restored by replacement of the potassium stores which follows
removal of the aldosterone secreting tumour

Control of volume

The distnbution of flud between the vascular interstitial and mtraceliular
compartments of the body 15 governed by p vely stmple phy h 1
processes which depend upon osmotic gradients Thus the relative volumes
the three flild compartments are controlled mamly by 1ome concentrations
although—and this may be of some importance—changes 1n oxygen tension and
pH also cause movement of water snto and out of the cells There must however
be some mechanism other than the osmoreceptors and ADH for controllng the
total amount of fluid in the body because an infuston of 1sotome saline solution
1nto a normally hydrated subject 15 followed by increased renal excretion of salt
and water until the normal volume has been restored Here again the kidney 1s
the effector organ and mamtans the fluid volume by adjusting the excretion not
only of water but also of electrolytes There 1s evidence for believing that the hidney
daes this primanly by regulatingelectrolytes (particularly sodium) rather than water
Thus enhanced tubular reabsorption of sodium 1s accompanied by increased water
retention whereas to reduce the volume of an excessne amount of 1sotome fimd
the excretion of sodm 1s increased and this 1s associated with loss of water

It has been supposed that 1 to the p are the volume
receptors which moderate renal function The site and nature of these hypo
thetical cells 1s unknown  Bulf (1953) suggested that the stimulus to the volume
receptors 1s an alteration in the circulation because postural changes from the
recumbent to the upright position the application of cuffs to the thighs haemor
thage and congestive cardiac failure are all assoctated with dimimished excretion
of sodium and water He postulated that the volume receptors re either sensitive
to pressure changes in one of the fluid compartments or alternatively are chemo
receptors d by latory madeq There 1s evid that some volume
receptars sensilive to changes in intrathoracic pressure are located mn the nght
side of the heart and that the afferent impulses are transmutted by the vagr  The
efferent impulses from the medulla are n part at least humoral because renal
transplantation or denervation does not tnterfere with the ability to regulate the
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flmd volume The nature of the humoral agent or agents 15 uncertan but there
1s ancreasing evidence that by 1ts action on sodium and potassium metabolism
aldosterone may play an important part 1n the maintenance of flud volume

ALDOSTERONE

Of the many steroids elaborated in the adrenal cortex hydrocortisone cortico-
sterone and aldosterone are the most mmportant in man according 10 present
knowledge Although there 15 considerable qualnau\e overlap 1n their biologieal
activity 1tis tent to classify ald s a \! ticod (exerting its
effect on sodium potasstum and water mcmbohsm) and hydrocortisone as a
plucocorticord wath a wide spectrum of actnity 1 many different spheres but
having some effect on electrolyte metabolism and playing an important role in the
control of 1onic concentration  Corticosterone has been less extensuvely studied
but appcars to occupy in 1ts action an mtenncdmte posmon between hydrocortisone
and Although some d patients can be maintained 1n
henhh with hydrocortisone or cortisone alone biochemical normality 1s not
achieved Smmlarly adrenalectomized patients can be maintained on aldosterone
alone but judging by their mability to dwrese a water load they too are not
normal and hydrocortisone 1s an essential addition for the avoidance of water
It 15 theref le to asenbe of water and
electrolyte homeostasis to one or other group of adrenocortical hormones How
ever aldosterone 1s many times more potent than hydrocortisone 1n maintaimag
sodiim balance 1n an adrenalectomized dog (10 micrograms a day being equivalent
to 5000 mucrograms of hydrocortisone) and 1t plays the more important part in
controlling the fluid volume of the body

Low dosage effects

The amount of aldosteronc requued lo restore sodium and potassium balance
n 2n add: oran d patient 1s about 100~200 micrograms per
24 hours It would be unwise however to assume that this quantity 15 secreted
dally by a normal person since the action of the hormone may be modified by the

t f hyd tisone  Ald i low dosage has a

powerful effect m promoting the renal conservation of sodium and a less impressive
action on the of m adren ammals  Water
retention and 1mprovement in hydranon occur dary to the sodium
As would be anticipated internal shufts occur  Prunty ef ol (1954) found n an
addisoman patient that despite the improvement in sodium balance the serum
sodium concentration continued to fall and 1he body weight and the chionide space
mereased sfightly  These findings suggest that there was migration of water from
the intracellular to the extracellular compartment

High dosage effects

The action of aldosterone 1 high dosage over a prolonged peniod of time can
be assessed from the abuormalities that develop 1n patlents with an aldosterone

secreting adrenal tumour The bioch 1 findings are hyp {which 15
often lfm' the p y a minor or degree of
hyper ypochl and alkal The renald d: of inability

to excrete an actd unine 1sosthenuria and polyuria are secondary to the disordered
127



WATER AND ELECTROLYTE CONTROL

function of the tubular cells resulting from p depl The d
disturbance caused by the excess of aldosterone per se 1s potasstum loss and this
may be dary to sodium and repl of lular p

by sodtum sons  In such patients a high potassium intake 1nduces a negatrve
sodum balance—the itracellular sodium being displaced by the potassium

Piturtary control of aldosterone

For the last threc decades endocrinologica! thought has beert dominated by the
concept that the pitwitary gland 1s the conductor of the endocrine orchestra and
1t was natural to suppose that the secretion of aldosterone was primanly controlled
by some trophic hormone elaborated in the anterior hypophysts However
1n respect of electrolyte regulation the independence of the adrenal cortex from
prwtary control has long been suspected on chntcal grounds  Serious sodwm
depletion or an addisonian cnisis due to a reduced plasma volume seldom 1f ever
occurs 1n panhypopituttarism  In hypophysectomized ammals there 1s atrophy of
the inner two zones of the adrenal cortex but the glomerulosa layer remarns 1ntact
These two observations suggest that aldosterone 1s formed 1n the outer layer of the
cortex and that us formation 1s largely independent of pitwitary control  Further
evidence for this comes from the finding that whereas negligible amounts of
aldosterone are excreted in Addrson s disease normal amounts may be found in the
urmne of a patient with panhypopiturtarism  Furthermore under the stress of
sodium depletion 1 recently hypophysectomized patient excretes increased amounts
of aldosterone but this may not occur mn a long standing case  If this finding 18
confirmed 1t suggests that some pituitary trophic factor 1s required to maintain the
responsiveness of the aldosterone secreting cells but it need not imply that such a
factor regulates secretion  Findings which suggest independence of control by
corticotrophin are the consistent diurnal variation 1n the excretion of 17 hydroxy
corticosteroids without parallel vanation 1n aldosteronc output and the failure of
aldosterone to cause prtuitary suppression as judged by a dimimshed excretion of
17 ketosteroids or glucocorticoids  Nor 13 aldosterone output suppressed by
admmstration of hydrocortisone  The effect of mnjecting corticotrophin on aldo
sterone secretion 1s also uncertain  Fhe response 1f any 15 small compared With
the increased output of 17 hydroxycorticosteroids and 17 ketosteroids even allow
1ng for the normally low aldosterone to hydrocortisone ratio  The consensus of
opinton 1s that small increases may occur but these are msignificant compared
with the changes mduced by manipulation of electrolytes and water

VW ater and electrolyte control of aldosterone
There 1s much evidence that the secretion of aldosterone ts 1n some way regulated
by the electrolyte or water content of the body but changes 1n sodium potassium
and water are so closely related that 1t 1s difficult to determine experimentally
which 1s the primary controller In man a reduction mn dretary sodium or loss of
sodium from the body causes increased aldosterone secretion but such manipula
tions of sodmm balance will also be accompanied by changes 1n the body flud
volume In dogs sodium depletion causes increased aldosterone secretion only
when d with an d intake of p Some 1nvestigators have
found that the restriction of sodium 1n man even when accompanied bya fallin
serum sodium concentration 1s followed by hittle change 1n aldosterone production
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unless potassium 1s provided n the diet  In rats the weight of the glomerulosa
layer of the adrenal cortex correlates better with changes i the serum potassim
level than 1n the sodim level There are other indications that potassium may
influence aldosterone productron quite independently of changes 1n sodium or
water batance  Bartter (1956) has found that subjects on a sodium free diet who
cannot therefore accumulate more sodum show a reduction n aldosterone
secretion when also deprived of potasstum  Conversely when potasstum 1s given
to such a subject and sodium loss 1s p ted by 1
of the same amount of sodium as 1s excreted in the unne aldosterone output nises
1t 15 1nteresting to note that the yield of aldosterone from a perfused beef adrenal
gland 1s enhanced by 2 perfusate of high potassium content (Rosenfeld eral  1956)

The it of ald has also been attributed to changes 1n
flurd volume  Acute sodium depletion accompanied by water loss 1s associated
with increased aldosterone production butifany changen fluid volume s prevented
by water replacement there 1s Iittle alteration 1n aldosterone output  Increases in
fiurd volume 1nduced by njections of Pitressin are assoctated wath a fall 1 aldo
sterone secretion despite a reduced serum sodwum concentration and ncreased
urinaty excretion of sodium (Liddle ef af 1955 Beck et al 1955 Muller et al
1956) Conversely a reduction in flnd volume d with sodtum depl
causes a rise in aldosterone output  Bartter ef al (1956) have evidence that 1t 15
changes 1n the extracellutar fluid volume and not the intracellular volume which
modify ald Thus a red m total body fluid 15 a less potent
stimulus than a reduction 1n extracellular volume and intravenous admmistration
of hypertomc saline solution to a sodium depleted subject causing expansion of
the extracellular compartment but contraction of the intracellular volume reduces
aldosterone formation

At present 1t must remain undecsded whether a change 1n potasstum content or
fluid volume 15 the prime mover 1n regulating aldosterone secretion  Both explana
tions still present many difficulties  If lmd volume changes prove to be of major
mportance the mechanism by which the adrenal cortex 1s stimulated or depressed
1s still unknown  One of the difficulties 1n accepting changes in fluid volume as of
primary importance 1s that despite derabl n extracelular fluid
volume increased aldosterone secretion 15 found 1n oedematous states whether
caused by cardiac renal or liver discase  Yet patients with primary hyper

1d, due to an ald tumour do not develop oedema
despite marked sodium retention  no doubt this 1s due 1o the excess sodium being
stored 1n the cells where 1t replaces potassum 10ns  Patients with adrenal
msufficiency on the other hand do develop oedema 1f given 800 mucrograms of
aldosterone daily over a peniod (Salassa et al  1954) and 1t seems therefore
that 1n Addison s disease absence of other adrenocortical hormones prevents the
retained sodium being stored 1n the cells 1t remamns 1 the extraceliular compart
ment with accompanying water retention

In oedema water retention 1s secondary to sodium retention and the sodum
retention 15 due to increased sodum reabsorption by the renal tubules This
increased reabsorption cannot be ascribed solely to a reduction in the glomerular
filtration rate and appears to be ar 1solated alteration 1n tubular activity since
other tubular functions remamin normal Many studies now confirm that n
oedematous conditions there 15 an Increased excretion of a sodwm retatning
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substance recently identified as aldosterone which s presumably responstble for
the enhanced reabsorption of sodium  Although much attention has been focused
on renal tubular function and the action of aldosterone it must be remembered
that the primary disorder causing the oedema resides 1n the Iiver kidney or heart
and that some intermediate mechamsm must operate to cause increased aldosterone
secretion

THE ADRENAL GLANDS AND OEDEMA

There 1s evidence that the adrenal glands do play a major and perhaps essential
role In the genesis of oedema  Adrenalectomy prevents the recutrence of oedema
n patients with congestive fatlure due to hypertensive heart disease and prevents
or abolishes 1t 1n experimental cardiac failure produced by constriction of the
pulmonary artery (Davis ef al 1955) It 1s also necessary to seek the reason why
1 secondary hyperaldosteronism associated with oedema there 1s sodium retention
without significantly increased excretion of potassium The explanation probably
Ties 1n the tubular mechamsm for the excretion of potasstum  Potassium 1s excreted
m exchange for other cations particularly sodwm In secondary hyper
aldosteromsm sodium 1s so avidly reabsorbed from the glomerular filtrate that
n the distal part of the renal tubule hittle 1s available for exchange with potassim
Furthermore most of the retamned sodium remains 1n the expanded extracellular
space nd does not replace intracellular potassium

Tt 15 also clear that even before oedema develops profound and Il understood
changes i intracellular osmolarity and metabolism oceur as a result of circulatory
msufficiency n cardiac disease and other conditions particularly disorders of the
liver and the kidneys The striking brochemical abnormality 1s the development
of hyponatraemua for which treatment with infustons of sodium only leads to
the development of oedema  The cause of this type of hyponatraem:a 1s uncertatn
but chinically 1t 15 of evil omen although improvement 1n the underlying discase
process 15 accompanied by a gradual restoration of normal serum sodium levels
The speed of onset of hyponatraemia 1s such that 1ts occurrence can only be
attnbutable to some profound alteration in cellular metabolism  For example 2
previously healthy man known to have a normal serum sedium level of 145
millicquivalents per hitre suffered an extensive myocardal jnfarct 1t 10 a m He
recerved no t 0} and on ad to hospital 6 hours later
durmng which time he had formed no unne s serum sodium level had fallen to
118 milliequivalents and there was no hyperkalaemia  This hyponatraemia cannot
be due to sodium depletion and can only be attnbuted to shifts m water and
sodium between the intracellular and extracellular compartments Many workers
have reported similar findings under a wide vanety of conditions particularly 1n
patients who have undergone cardiac surgery The hyponatraerma has been
attributed to a primary lowering of the intracellular osmotic pressure the extra
cellular tonicity being maintained at a subnormal level to conform with that of
the intracellular flusld  Over a period of days there 15 a substantial loss of potasstum
from the cells and 1 some the ad ratton of p has raised
the serum sodwm level  Admunistration of saline solution causes only a temporary
increase 1 the serum sodium level which 1s coupled with mtense thirst and 1s
followed by a return of hyponatraemia with the development of oedema  Although
speculative it may prove that these changes 1n intracellular metabolism are due to
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hypoua Consideration of the speed of onset and the fact that sumilar cellular
changes occur 1n adrenalectomized ammals (MacPhee 1955) make 1t unlikely
that alteration 1n adrenocortical function s the cause of the hyponatraemia

A SODIUM LOSING HORMONE

Nod of the role of ad tical hormones 1n control of salt and water
metabolism would be complete without reference to the possibility of a sodium

losing hormone  Some support for the existence of such a substance which would
compete with a sodium retaining hormone 15 given by the 1solation of a factor
from the urine duning a corticotrophin 1nduced diuresis which promotes 1n animals
the elimnation of sodiwm  There 1s also evidence that such a substance may be
formed 1n 50me patients with congenital adrenal hyperplasta  In this disease there
15 a defect n the biosynthesis of 17 hydroxycorticosteroids  This causes increased
secretion of corticotrophin and the adrenal glands respond by producing large
amounts of either normal androgens or abnormal viniltzing compounds  About
10 per cent of such patients have a sodium losing syndrome which results in a state
similar to that found 1n Addison s disease  The inability to conserve sodium might
be due to failure to synthesize aldosterone or to the formation of a salt losing
compound In support of the former hypothests 1s the report that aldosterone 1s
absent from the unne of such patients (Luetscher 1956) 1n support of a salt

losing hormone 1s the abservation by Jailer that infusion of corticotrophin aggra

vates the condition and the finding of aldosterone in the urine before corticotrophun
1s gven (Prader Spahr and Neher 1955)
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CHAPTER 11

ADRENAL CORTICAL AND OTHER FACTORS IN
HYPOPITUITARY COMA

J E CAUGHEY

/ INTRODUCTION

THE AsSOCIATION of hypopituitarism with disturbances of consciousness has been
recognized for many years and there must be few climcians with experience of
dealing with this condition who have not observed the attacks of drowstness
stupor and loss of which periodically occur 1n such patients  As an
end result death 1s likely to supervene in coma

Cushing (1912) stated that 1t had been shown experimentally that anmmals
deprived of a considerable portion of the pituitary gland suffered a marked fall in
body temperature and that this state was apt to be accompanied by profound
somnolence He correlated the syndrome of hypopitwitarism 1n animals with the
clinical syndrome as observed i man and emphasized the anterior lobe deficiency
He noted the skin changes the hypotherrua the apathy the disturbances 1n
carbohydrate metabolism and the gonadal atrophy associated with this condation
Some of the patients on whom he reported had attacks of unconsctousness while
others had disturbances of consciousness such as hypersomma and torpidity He
found that a tendency to somnolence was charactenistic of almost all cases n his
series and that many were inclined to doze throughout the whole 24 hours In
other patients somnolent periods occurred 1n cycles with mtervening days of fairly
normal responstveness

In one of Simmonds (1914) ongmnal cases hypopituitarism followed puerperal
sepsis The full picture developed over the years and prior to admisston to hospital
the patient became increasmgly drowsy finally passing into coma The patent
did not regamn consciousness and died the day after admussion  Stmlarly
Simmonds (1918) second case was a woman aged 48 years who was admitted to
hospital in coma and died without dying the records
in the lterature of hypopituttansm Sheehan and Summers (1949) discovered 96
cases of whom 62 died 1n coma The coma was usually attributed to hypogly
caemia  Further study however has shown that hypoglycaemra s only one of
many factors which may affect the state of consciousness in hypopituitansm
Allott and Simmons (1951) descnibed a patient with hypopituitarism due to post
partum necrosts of the piturtary who was mn deep coma  There was little response
to desoxycorticosterone acetate and infusion of glucose 1n saline solution although
after 48 hours the blood sugar had returned to normal Within 24 hours of
starting cortisone therapy a marked improvement set in  Sheehan and Summers
(1952) studied 9 patients with hypopituitanism due to post partum necrosis 8 of
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whom passed mto coma  They found that the coma was sometimes assoclated
with hypoglycaemia sometimes with low plasma sodim and chlonde and some
times with severe hypothermia which they stated might easily pass unrecogmzed
Caughey James and Macleod {1952) described 4 patients with hypopituitarism
and piturtary tumour who were op d upon foll. ypophy y they
had varying disturbances of consciousness Ingraham Matson and McLaunn
(1952) reported hyp 1sm due to yngioma d with coma
fever and vomiting  Gordy Peet and hahn (1949) reported a post operative
mortality of 41 per cent 1n S1 cases of crantopharyngioma and they attributed the
high mortality to hypothalamic damage as a result of operation Northfield (1955)
considered that severe reactions following operation for pitwitary tumour and

craniopharyngioma were usually duc to damage to the vegetative centres
Caughey and Garrod {1954) reported on 17 patients with hypopitustansm all
of whom showed disturbances of consciousness which varied 1n sevenity from rmld
fi hy defective cereb and stupor to profound coma  The
precipitating factors were apparently vanable and mcluded operations in the
vicimty of the pitutary fossa pituitary apoplexy mfections hypoglycaemia drugs
h alcohol ek lyte disturbance water intoxication and cerebral

anoxia

It 1s evident from such reports that patients with hypopituttarism are unduly
vulnerable to a number of factors which affect the level of consciousness and that
coma may supervene and be 2 serious medical emergency

FACTORS PRECIPITATING CHANGES IN CONSCIOUSNESS
Surgery of the pitwtary gland and neighbouring areas
Qut of 71 patients with mtraseflar tumours reported by Grant (1948) 91 per cent
had evadence of hypoprtmtarism  In a series of 85 operations in these cases 8§
deaths occurred (11 2 per cent)  Six of these cases were descibed as  burned out

hobe ad with polyglandular function at a very low ebb It was

recorded that following relatively sumple operations 1n 3 of the cases the patient
became stuporous on the fifth day comatose on the minth day and died on the
twelfth day after operation  Grant commented  a stmple evacuation of the
tumour was enough to abolish completely what little prtuitary function remaimed
His behief was that post operative mortality 1n cases of hypopituitarism was high
and that surgical attack should only be undertaken with much caution

Gordy Peet and Khan (1949) m 51 cases of craniopharyngioma had an
operative mortality rate of 41 per cent due principally to severe hypothalamic
reactions Grant s (1948) operative mortality rate 1n 40 operations on 30 patients of
this type was 35 per cent and he noted generalized endecrine atrophy tn many of
the fatal cases  He commented on the dangers of hyperthermia from hypothalamic
damage and  comiplete glandular collapse  after operation In an attempt to
reduce the hugh post operative mortality rate Roche Thorn and Hills (1950)
mvestigated adrenocortical function on the grounds that this mechamsm might
bean mportant factor  They utthzed the eosinophil levels durmg and after surgery
and the response to corticotrophin as a method of assessing thus function They
considered that a fall m the eosinophuls after an injection of 25 mithgrams of
corticotrophin prior to surgery was a good index of the capacity of the adrenal
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cortex to secrete 11 oxysteroids and that by this test a good measure of cortical
function could be obtained

Caughey James and Macleod (1952) reported 3 patients who passed into pro
longed coma following operation for prtwitary tumour and Caughey and Garrod
(1954) reported another case In 2 of these there was clearly evidence of thyroid
and adrenal fallure  After operation neither patient regained conscrousness but
remamed 1n a stuporous and comatose condition for several days In 1 case this
lasted for 6 weeks before recovery These authors considered that the responsible
factor was adrenal fallure  Northfield (1955) on the other hand was of the opinion
that severe reactions following operation for pituitary and Rathhke pouch tumours
were usually due to damage to the brain stem He considered that adrenal failure
was only a rare cause

Pitustary haemorrhage

The conditton of pituttary haemorrhage or pitustary apoplexy as it 1s so called
15 one which will seldom be recogmzed clintcally though it 15 not unusual to find
haemorrhagic flnd n cysts in pituitary adenomas at necropsy examination
Autken and Russell (1934) called attention to the symptoms and signs which might
be expected as a result of such haemorrhage and they also reported the case ofa
man aged 50 years with well marked hypopituttarism who died of thts condition
A few hours after the onset of dizziness weakness and vomiting the patient became
semt conscrous and remamed so for 3 days  On recovery he was apathetic and
drowsy a state which continued for some 41 weeks until he died At necropsy 2
chromophobe tumour of the pituitary with an ntrasellar haemorrhage was found
The author has had experience of 2 other such cases one of which has been recorded
1n detail (Caughey and Garrod 1954)

Intercurrent snfectron

As has been said hypersomnia 1s a feature of hypopituttarism and 1n the presence
of an intercurrent mfection 1t may be more pronounced In fact sucha condition
may be the trigger factor of an acute medical emergency Caughey and Garrod
(1954) reported that infections such as colds influenza and gastro ententis had
caused drowsiness confusion and eventually coma in 8 of their patients Inl
and within 3 months of a severe post partum haemorrhage coma developed
duning acute pyelonephntis pitwitary necrosts was confirmed at necropsy

Hypoglycaemia
In hypopituitarism hypoglycaemia may occur spontaneously duning fections
or following mjections of msulin given either for therapeutic purposes or 1o the
performance of the msulin tolerance test There may also be a tendency n this
d tor y hypogly after high carbohyd meals Oliver
(1952) reported a patient not recognized as having hypopituitarism but who 1n
fact had a tuberculoma of the pituitary gland  he died 1n coma after 2 myections
of 10 umits of msulin which had been given to promote appetite  Fraser and
Smuth (1941) stressed the value of the intravenous nsulin tolerance test 1n the
diagnosis of hypopitmtarism but they gave warning about its possible dangers and
advised using only one third of the standard dose of 0 I umt of msulmn per kilogram
of body weight when severe hypopituitarism was suspected Rolland and Matthews
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(1952) reported severe hypoglycaemic symptoms it 2 man with hypopitwitarism
after 1 5 umts of insuln and Hausmann ef al (1951) mduced hypoglycaermic
shock with 175 units of msulin 1n a patient with hypopituitansm due to post
partum necrosis  This patient remamned m a state of semi coma for 2 weeks
despite energetic treatment  There 1s much evidence therefore to support the view
that 1 hyp tsm the msulin h 1s hypersensitive

Hyp ty to drugs and b

In hypopituitarism hypersensitivity to drugs i1s comparable to that found
Addison s disease  In a case of the author s an of { gram (16
of morphine sulphate prior to an air encephalogram induced coma which
lasted for 2 days In another case coma followed quinalbarbitone 14 grams
and pethidine 50 milligrams A further patient passed mto the third stage of
anaesthesia after pentobarbitone sodium 14 grans (0 1 gramme) and less than
4 mlliitres of sntravenous thiopentone sodium  this patient remained 1n a state
of semt coma for the following 2 days Decreased tolerance to alcohol 1s another
feature of hypopituitansm A good tllustration 1s a patient who prior to hypo
physectomy for carcinoma of the breast could take 3 or 4 gins  without being
affected whilst after operation 1 small gin  made her so drowsy that she was

unable to lunch with her guests and had to go to bed where she slept for 3 or 4
hours

Sodm depletion

Tt 1s well known that sodium depletion 1s a constant finding in untreated Addison s
disease and 1t could be anticipated that a simular sodwm depletion might occur
m certain cases of hypopitwitarism owing to the possibiity of corticotrophin
deficiency and secondary adrenal failure  The 1solation of aldosterone (Simpson
etal 1954) with1ts predominant electrolyte effect has helped to clanfy the relation
ship of the adrenal cortex to sodum and potassium metabolism It 15 to be noted
however that some reports (Cope and Llaurado 1954 Luetscher and Axelrad
1954 Axelrad et al  1954) suggest that aldosterone secretion may be largely
independent of corticotrophic control and this if confirmed may explain why
some hypopituttary patients show hittle indication of sodium depletion  Neverthe
less 1t does occur 1n hypopttuttansm and with resulting coma and 1t may be
provoked by gastro intestinal upsets or even by cortisone therapy One patient
reported by Wynn and Garrod (1955) passed into deep coma with a markedly
negative sodium balance within a week of starting cortisone therapy In Addison s
disease and in hypopituitarism sodium excretion may nise greatly during the first
day or two of cortisone therapy  The same ph occurs 1n the ad il
mized dog and 1t appears to be due to a nse 1n the glomerular filtration rate
(Garrod personal communication)  Cases with a sodium losing cnisis leading to

coma have been reported 1n hypopituttarism by Laws (1952) and by Caughey and
Garrod (1954)

‘Water intoxication

Patients with hypopituitarism and secondary adrenal failure may be unable to
excrete water at the normal rate and retention of water may lead to ther death
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cortex to secrete 11 oxysteroids and that by this test a good measure of cortical
function could be obtamned

Caughey James and Macleod (1952) reported 3 patients who passed into pro
longed coma following operation for prtutary tumour and Caughey and Garrod
(1954) reported another case  In 2 of these there was clearly evidence of thyrod
and adrenal failure  After operation neither patient regained consciousness but
remained 1n a stuporous and comatose condition for several days In 1 case this
lasted for 6 weeks before recovery These authors constdered that the responsible
factor was adrenal failure  Northfield (1955) on the other hand was of the opiion
that severe reactions following operation for pituitary and Rathke pouch tumours
were usually due to damage to the bran stem He considered that adrenal failure
was only a rare cause

Prtuitary haemorrhage

The condition of pituitary haemorrhage or pituitary apoplexy as 1t 1s so called
1s one which will seldom be recognized clinically though it 1s not unusual to find
haemorrhagic fluid 1n cysts in pitutary ad at necropsy
Attken and Russell (1934) called attention to the symptoms and signs which mght
be expected as a result of such haemorrhage and they also reported the case of 2
man aged 50 years with well marked hypopiturtanism who dted of this condition
A few hours after the onset of dizziness weakness and vomiting the pattent became
sems conscious and remaned so for 3 days  On recovery he was apathetic and
drowsy a state which continued for some 41 weeks until he died At necropsy 2
chromophobe tumour of the pituitary with an intrasellar haemorrhage was found
The author has had expersence of 2 other such cases one of winch has been recorded
in detail (Caughey and Garrod 1954)

Intercurrent infection

As has been said hypersomma 1s a feature of hy poprtuitanism and in the presence
of an ntercurrent infection 1t may be more pronounced In fact such a condition
may be the trigger factor of an acute medical emergency Caughey and Garrod
(1954) reported that infections such as colds mfluenza and gastro enteritis had
caused drowstness confusion and eventually coma n 8 of their patients In 1
and within 3 months of a severe post partum haemorrhaze coma developed
duning acute pyelonephritis  piturtary necrosis was confirmed at necropsy

Hypoglycaerma

In hypopitwitarism hypoglycaemta may occur spontaneously during infecttons
or following injections of msulin gven either for therapeutic purposes of mn the
performance of the insulin tolerance test There may also be a tendency 1n this
condtion 1o reactionary hypoglycaemia after high carbohydrate meals Ohver
(1952) reported a patient not d as having 1sm but who
fact had a tuberculoma of the pituitary gland  he died 1 coma after 2 ijections
of 10 units of insuln which had been given to promote appetite  Fraser and
Smuth (1941) stressed the value of the mntravenous nsulin tolerance test 1n the
dragnosts of hypopttuttarism  but they gave warning about its possible dangers and
advised using only one third of the standard dose of O 1 umit of insulin per kilogram
of body weight when severe hypopiturtarism was suspected Rolland and Matthews
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showed that treatment with cortisone acetate and [ thyroxme in combination
restored normal cold adaptation to hypophysectomized rats  He believes that
chronie sensitivity to cold 1n these ammals 1s due to adrenal cortical and thyroid
1nactivity with 1 fi of cor and th
In the past improvementin the general condman of patients with hypopituttarism
has been noted after with and thyrord  With the
addition of cortisonetothe physicians armamcntanum the results of full subststution
therapy 1n uncomphcated cases have been dramatic  Patients who have been
almost completely incapacitated by mental dullness and torpor asthemia and cold
sensitivity have been soon restored to normal so confirmung the experimental
findings of Hornabrook It would appear therefore that the disturbance of
n hy] 1sm 1n human beings can be ascribed to lack of
corticotrophin and lhyrotrophm with resultant deficiency of cortical hormones
and thyroxine These lead to impaired function of the critical areas of the bramn
which are concerned with the maintenance of consciousness

DIAGNOSIS

In any case of obscure coma the p of hyp 1sm should be dered
Certain general features of the patient may suggest this underlying condition It
may too be possible to get a previous history from relatives and previous
symptoms of hy asthenia y to cold loss of hibido and coma
would be clearly suggestive 1n a woman the diagnosss 1s supported by an earlier
history of post partum haemorrhage or puerperal sepSlS wuh subsequent
amenorrhoea or scanty menses cul ing m a 1 If the
hypopituttarism was due to tumour there might be the further history of neigh
bourhood symptoms and signs headache visval failure and pnmary optic atrophy
Such features would call for radiography of the pititary fossa The diagnosts of
hypopituitarism will not be further considered here as full details can be obtained
1n text books of medicine It might be mentioned however that on examiation
of a comatose patient certain features such as pallor asoft thinskmn myxoedema
tous changes loss of body hair with gemital atrophy would pomt to hypo
piuttarism

In hypopituitary coma the condition may be ushered in by a period of drowsiness
prolonged sleep confusion disorientation or slurred speech  In the state of stupor
the patient can usually be roused by sk or by painful 1 although
there 1s often a relative insensttivity to pain  The superficial and deep reflexes
are often retained the temperature may be normal but according to Sheehan
and Summers (1949) 1t 1s usually low and belween 95 F and97 F Investigations
must be carried out to clanfy the {state  Hypog may be present
and 1t must be remembered that a state of coma from this cause may persist long
after the blood sugar 1s restored to normal On recovery there 1s often amnesia
for the duration of the coma  One further note of warning 1s perhaps necessary
about the nsks of an insulin tolerance test 1n hypopituttarism  The inherent
dangers have already been discussed and hypoglycaemue shock may pass on to
hypopituitary coma—which may even be fatal this test should only be used with
the greatest caution and should nat be employed 1f the necessary iformation can
be obtained by other means A of hyp and
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n coma (Whittaker and Whitchead 1954) This complication may arise spon
taneously or even as a result of a water excretion test when the plasma sodium
concentration 1s already low It 1s a potential danger n the diabetes nstpidus of
postertor lobe deficiency 1f anterior pituitary function becomes impaired as well
and 1n certain compression lestons or after hypophysectomy

Cerebral anoxia

Hypotensive postural disturbances are also likely to occur 1n hypopitwitansm
they may result in faints from cerebral anaemia or even 1n a convulsive attack A
state of drowsiness and stupor was noted by one of the author s patients both
during and after travel \n a commercial ureraft flymng at a height of only 5 000 feet

Hypothermia

In hypopituitarism the mdividual is 1atolerant to cold as oceurs 1n myxoedems
and he may become drowsy and mentally confused during cold weather In one
reported post operative case the temperature fell to 96 F (356 C) and on
warming for 6 hours the temperature rose to 99 F (372 C) but there was no
return of consctousness (Caughey and Garrod 1954) In a case of pitmtary tumour
with hypopituttarism (Decourt ef g/ 1954) hypophysectomy was carried out
using hypothermua for an anaesthetic  The patient passed into the third stage of
anaesthesia and fuled to recover

THE MECHANISM OF COMA IN HYPOPITUITARISM

Qur under ding of the of coma has been advanced by recent studies
of neuronal metabolism  Consciousness which has been defined as an awareness
of environment and of self (Cobb 1948) has been shown to be dependent upon
the integnty of certain cntical areas within the cerebral cortex the thalamus the
hypothalamus and the reticular area of the mid bramn (Cairns 1952)  Any distur
bance of neuronal metabolism within these centres  of consciousness may affect
the mental state  The metabolism of neurones 1s concerned chiefly with oxidation
of glucose and glutamic acid with the aid of specific enzymes This process may
be hindered by interference with the specific enzyme systems by lack of substrate
or by anoxia  Mechanical effects such as trauma pressure or oedema may block
the dehvery of substrate or oxygen to the critical ateas of the bram (Fazekas and
Bessman 1953)

In severe hypomtuitanism the areas concerned with consciousness are unduly
vulnerable and this may well be on account of changes within the neurones
resulting from endocrine deficiency

Hornabrook (1956) studied the t of coma 1 hypoph d rats
using exposture to cold as the form of stress  The results suggest that the sensttivity
10 cold after hypophysectomy may be divided inte two phases the first immediate
sensitivity  which 1s apparent as soon as the ammal recovers from operation and
which soon disappears and the second a  delayed and chromic senstivity  which
does not develop until about 24 hours after operation and then increases 1n intensity
for 2 or 3 weeks Adrenal cortical extract (Barrd er al 1933 Tyslowitz and
Astwood 1942) and thyroxine (Baird era/  1933) have both been shown to improve
the to cold of hypopt d rats Further Hornabrook (1956)
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TREATMENT
Infections
Acute infections such as colds 1nfl {litss and gastro 1 1inf
should be treated promptly with rest fluds salt the appropriate antibiotics and

increased cortisone dosage These patients should be mstructed to try to avord
contact with infections so far as possible

Surgery and anaesthesia

If possible general anaesthesia should be avoided and surgery restricted to
emergencies  When operation becomes inevitable 1t should be carried out under
cortisone and 1t will probably be necessary to double or treble the dose  The
cortisone cover will have to be 100 milligrams a day or thereabouts and should
be given 24 hours before operation and maintained for 4 days afterwards  Cor
tisone should be used 1n operations on the pituitary gland whether or not there 1s
prior evidence of hypopituitarism as 1t 1s possible that trauma or oedema n this
region may block hypothalamic pituttary pathways through which the adrenal
responses to stress are mediated The effectiveness of cortisone in the surgery
of suprasellar tumours has been shown by Ingraham Matson and McLaunn (1952)
Recent experiences of James (personal communication) have proved the effective
ness of cortisone before and after op ration on pitwitary adenomas Since this
regime has been introduced at the Dunedin Hospital 22 cases with pituitary
adenoma have been operated upon without a death

Drugs
Hypnotics must be used sparingly and morphine omnopon pethidine and

allied drugs not given  Alcohol too should be avoided by these patients because
of their decreased tolerance

Hypothermia

Sheehan and (1952) d ated that on elevation of the
bedy temperature to normal could be achieved by the simple expedient of immersion
m a warm bath They also emphasized some fallacies 1n the use of the clinical
thermometer in these cases  They measured the rectal temperature with a bacterio
logical thermometer and found temperatures there as low as 87 F (3050 C)
In these cases they noted depression of respiration and cardiac action and defective
skin circulation not unlike the state of hibernation

Treatment of the coma

A therapeutic plan which covers most emergencies 1s as follows As soon as
coma 1s dr: d to be d with hy 1sm search should be made
for a precipitating infection and the appropriate antibiotic measures commenced
atonce If the body temperature 1s found to be very low efforts should be made
to raise t This should be done slowly over 30-60 munutes the patient being
immersed m a warm bath and the temperature slowly elevated or a heat cradle
used but carefully supervised The rectal temperature pulse rate and blood
pressure should be checked at S minute intervals  Blood should be taken for the
estimation of sugar sodum potassum urea bicarbonate and the haematocrit
‘Without waiting for the results and on the supposition that hypoglycacrma may
be present glucose should then be given by mouth or by intravenous mfusion
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haemoconcentration suggests loss of sodium from adrenal falure 1n which case
the sodium depletion 1 the blood may be masked by haemoconcentration Water
intoxication 1s likely in a drowsy patient with low plasma sodium normal blood
urea and normal blood pressure

TREATMENT

In view of the wide spectrum of precipitating factors 1n this syndrome of hypo
prtuttansm with disturbances of consciousness and coma 1t 1s not surprising that
there has been some divergence of opinion as to the optimum therapy 1n any par
ticular case  However from what has been said of the actiology of these attacks
m the foregoing sections the factor of a secondary adrenal failure has come mto
the foreground This appears to play a prominent part 1 the clectrolyte distuc
bances the sodium depletion and n the bouts of hypoglycaemia and the hyper
sensitive tnsulin mechapism  There are also the considerations of the hypothermia
the secondary thyroid and gonadal failure and the factors of intercurrent infection
and hypersensitivity to drugs and anaesthetics to be dealt with

Prior to the advent of cortisone the treatment of hypopitutansm of thts type
was by substitution with adrenal extracts and desoxycorticostcrone thyroid
substance testosterone or cestrogens  This therapy often failed to protect patients
from hypersommia and hypopituitary coma Now and with recent progress i
adrenal'steroid therapy the way has been paved for the more effective management
of this form of hypopttuitarism and these patients can now be well protected In
fact the arrval of cortisone has been a great benefit and 1t 1s now generally '\ccepltd
that this 15 the most effective preparation for the treatment of these cases because
of 1ts having a combined electrolyte and gl ticord effect  Pred an
prednisolone on the other hand have a more selective glucocorticoid action but
no soditm retatning powers and so are not so suitable for these cases They m2y
promote flnd and sodium loss and cause muscle cramps

Earlier reports and trials with cortisone by Sheehan and Summers (1952) were
not impressive 1n results but now most other workers have established clearly the
value of cortisone 1 these cases and regard 1t as the mamnstay of therapy
Substitution treatment with end organ hormones s preferred to corticotrophtn
and stimulation therapy

Treatment of the syndrome

Oral cortisone 12 5-50 milhgrams a day or the appropriate dosage as judged by
results should be given to all patrents with hypopituttarism who show signs of
secondary adrenal failure with lack of water diuresis and a hypersensitive msuhn
mechamsm with hypoglycaemia  If there ts hypothyrordism with an elevated
plasma cholesterol or a Jowered metabolic rate of more than munus 25 per cent
a daily dose of / thyroxmne 0 1-02 mulligram or thyroid substance 1-2 grams
(0 06-0 13 gramme) 1s also necessary Depot testosterone therapy (primotestone
depot 250 milligrams monthly) promotes protein anabohsm and 1mproves sexual
function 1n both males and females alike evidence of vinhization females m1y
necessitate a change to oestrogens

With full substitution therapy 1n this manner many of these patients can be
restored to 1 normal active Life
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TREATMENT
Infections
Acute mfections such as colds influenza tonsitliss and gastro intestinal infection
should be treated promptly with rest flmds salt the appropriate antibiotics and
ereased cortisone dosage  These patrents should be mstructed 1o try to avaid
contact with mfections so far as possible

Surgery and anaesthesia

If posuible general anaesthesia should be avosded and surgery sestricted to
emergencies  When operation becomes mevitable 1t should be carried out under
cortisone and 1t will probably be necessary to double or freble the dose  The
corhsone cover will have to be 100 mdl a day or th and should
be given 24 hours before operation and mmntamed for 4 days afterwards  Cor
tisone should be used in operations on the prtuitary gland whether or not there is
prior evidence of hypopititanism as it 1s possible that trauma or oedema n ths
regton may block hypothalanuc pituttary pathways through which the adrenaf

The efk

responses 10 stress axe 1§ of m the surgery
of supraseliar tumouss has been shown by Ingraham Matson and MeLaurm (1952)
Recent of James {p i have proved the effectne

ness of cortisone before and after op ration on ptutary adenomas  Since this
regrme has been introduced at the Dunedm Hospital 22 cases with patwstary
adenoma have been operated upon without a death

Drugs
Hypnotics must be used spasingly and morphme omnopon pethidine and

allied drugs not gaven  Alcohol too should be avowded by these patients because
of thesr decreased tolerance

Hypothermua

Sheehan and Summers (1952) demonstrated that on occasions elevation of the
body temperature to normal could be achieved by the simple expedient of immersion
w a warm bath  They also emphasized some fallactes sn the use of the chimcal
thermometer in these cases  They measured the rectal temperature with a bacterio
logacal thermometer and found temperatures there as low as 87 F (306 50 C)
In these cases they noted depression of resprration and cardiac action and defective
skin circutation not unhike the state of hibernation

Treatment of the coma

A thecapeutic plan which covers most emergenaies 15 as follows  As soon as
coma 1s d d to be with hy sm search should be made
far 5 precipitating snfection and the appropnate antibiotic measures commenced
atonce If the body temperature 1s found to be very low efforts should be made
to raise st This should be done slowly over 30-60 minutes the patient being
immessed sn 3 warm bath and the temperature slowly elevated or 2 heat cradie
used but carefully supervised  The tectal temperature pulse rate and blood
pressure should be cheched st S minute mtervals  Blood should be faken for the
estimation of sugar sodism potassium urea bicarbonate and the haematoerst
‘Without warting for the results and on the supposition that hypoglycaemta may
be present ghucose should then be given by mouth or by mtravenous mfusion

139




ADRENAL CORTICAL AND OTHER FACTORS IN HYPOPITUITARY COMA

(5 per cent glucose saline sol ) The k p to glucocorticoids 1s
obtained by intravenous hydrocortisone (compound F)  An mfusion of 50-100
milligrams of hydrocortisone free alcohol (cortisol) dissolved in 250-500 mullt
hitres of 1sotonic salme solution should be given as soon as possible  Micro
crystalline cortisone acetate can be used ntravenously if hydrocortisone 1s not
available  Thereafter 50 milligrams of cortisone acetate should be grven 6 hourly
by nasal tube kept i situ for feeding until consciousness s restored

Further treatment must be regulated by the clinical and brochemical findings
If hypoglycaema 1s present mtravenous or oral glucose should be continued
The presence of hyp h ration aand sodium depl
calls for intramuscular injection of 10 mll, of desoxycor or
fluorocortisol (from 0 25 to 1 milhigram) and an adequate sodium 1ntake It may
be prudent to give 5 milhigrams of desoxycorticosterone for 2-4 days as cortisone
may mitially increase the sodium output by elevation of a lowered glomerular
filtration rate 1ts sodium retaining function 1s inadequate 1o correct serious
depletion of this 1on  If there 15 excessive water retention cortisone will correct
this by allowing selective excretion of water 1n excess of sodium (Wynn and Garrod
1955} As soon as possible / thyroxine and testosterone should be added to the
therapeutic plan
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CHAPTER 12

THE HORMONES OF THF SYMPATHETIC NERVOUS SYSTEM
AND OF THE ADRENAL MEDULLA

H J C Swan

INTRODUCTION

kNowLEDGE and understanding 1 any branch of science usually advance 1a
surges stimulated by the development of a necessary technique Inck of which has
prevented or inhibited progress The current interest 1n the physiology of the
sympathetic nervous system and in the adrenal medulla—a notable feature of the
biol dvances of the last decade—has largely d from the solution
of two basic problems

The first of these was the 1dentification and quantitative estimation of adrenaline
and noradrenafine 1n tissue extracts and in body fluids (Euler 1946) Euler (1950)
and Gaddum (1950) summarized the methods of assay extraction and punficatton
used 1n their laboratories In spite of certamn inherent imutations the brologteal
method of quantitative estimation has found favour mn many laboratories for tissue
extracts and urme Lund (1950) and Weil Malherbe and Bone (1952) used 2
differenttal fiuorometric method for estimation 1n blood plasma and for extracts
of red blood cells

The second basic problem was solved when Tullar (1948) resolved /nor
adrenaline from the racemic mixture of the d 1somer and the /1somer thus pro
viding 1n pure chemcal form the necessary standard for comparative biological
purposes  Tullar (1949) also 1solated n crystalline form [ noradrenaline from
extracts of adrenal glands giving evidence for its biological ongin  The nor
adrenaline obtaimned from natural sources 1s umformly the laevo 1somer the dextro
1somer not having been found n animal tissues and extracts  Stce the biological
actvity of the d 1somer 1s only about 3 per cent of that of the ] isomer the activity
;)f the racemic mixture 1s about one half of that of the naturally occurring

1somer

As a tesult of these developments the nature of the humoral transmutter of
sympathetic nerve effects has been more clearly established while certain more
complex and more general effects of the sympathetic neurohormones are becoming
apparent In this chapter the general aspects of the subject and those particularly
pertinent to the human being are considered  (For more detarled and specialized
reviews see Euler 1950 1951 Goldenberg 1951 the Symposium on Neuro
humoral Transmussion 1954 and West 1955) This discusston 1s restricted 10 a
consideration only of adrenaline hrine) and norad 1 (arterenol) as
the effector substances of the sympathetic nervous system and of the adrenal
medulla excluding the ganglion teansmitter and centrally acting substances
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THE SYMPATHETIC ADRENERGIC NERVE MEDIATOR
b of the thetic nerves

Stimul. of the t adrenergic nerve fibres besides producing a
specific effect at an end organ also causes the liberation of a biologically active
substance  Because certain effects of this material resemble those of adrenahine

the view was held that the transmutter  of the sympathetic nerve smpulse was
adrenaline  Similar effects were observed m testing extracts of nerves contatning
adrenergic nerve fibres  The 1nvestigations of Cannon and Rosenblueth (1937)
revealed certain differences between the action of adrenaline and the effects of
ympatk nerve stimul which d the elab of the theory
of the sympathins to sustan the that adrenaline 1s the

substance of the sympathetic nerves  Although Bacq (1934) Greer et al (1938)

and others pointed out that the action of noradrenaline resembled the effects of
sympathetic nerve sumulation more closely than does the action of adrenaline

the view persisted that adrenaline was the principal transmitter substance In the
late 1940s 1mprovements n the methods of extraction and biological assay of
these substances and the availabihity of the laevo 1somer of noradrenaline made
possible the important conclusion that the principal actiee transmitter was nor

adrenalne thus dispensing with the need for the sympathin theory

Noradrenaline

Because of the hugh probability that fine 15 the b
the occurrence of this substance 1n different parts of the body and 1n different
species 18 of some importance {see Euler (1950) and West (1955)) Noradrenaline
has been demonstrated 1n almost all the fissues 1n the mammal a notable exception
being the placenta Logic and its demonstrated absence 1n the placenta (which
lacks nerve fibres) prompted an nv nto the noradrenaline content of
a number of different nerves 1n cattle (Euler 1946) It wis demonstrated 1n the
majonty of structures examined but the concentration was greatest in those rich
m adrenergic fibres the splemic nerves (8-18 micrograms per gramme) and the
sympathetic trunk and the splanchmc nerves (2-4 9 micrograms per gramme)

Euler (1951) pomnted out that the amount of noradrenaline recovered from
splemic nerves increased from the proximal toward the distal portion  To explain
the total content of noradrenaline recovered from extracts of the spleen 1t 1s
necessary to postulate that much higher concentrations ewst at the termunal portions
of the nerves than 1n the axons Euler (1956) suggested that noradrenaline was
manufactured and stored m specific structural units 1 the axons whence 1t 1s
continuously passed to the periphery of the nerve This storage would allow for
the rapid repletion of transmutter substance which might be continuously released
over long peniods during stimulation

Section of the adrenergic nerves to the spleen kidneys and salivary glands in
the sheep caused a reduction to near zero level of the adrenaline and noradrenatine
content of these organs (Euler and Purkhold 1951) In the normal sheep heart
Goodall (1951) found 0 15 microgram per gramme of adrenaline and 0 79 micro
gram per gramme of drenal Foll g plete cer 11 il
tomy the catechol content was reduced to values of 0 01 microgram per gramme
of adrenaline and 0 13 microgram per gramme of noradrenahine The prmcipal
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effect resulted from removal of the right stellate ganglion  Therc was a progressne
nse 1n catechol amine content toward normal values over the following 6 weeks

Sympathetic denervation

Concerning the problem of sympathetic denervation there 15 the phenomenon
of the return of tone to the peripheral blood vessels following sympathectoms
man 1nd of the reactivity of these blood vessels to adrenaline and noradrenaline

Barcroft measured the rate of blood flow in the human hand or foot before
and for some time after sympathectomy for hyperidross or other non artenal
types of disease  Although there was a great imuial increase 1n flow in the dener
vated limb (from 8 to 10 times control values) the flow progressively declined so
that 1 week after sympathectomy the blood flow in the hand was about double
and that 1n the foot about three times the pre operative value  Further dechnes
of flow took place 1n subsequent months  Barcroft was impressed with the sumt
lanity of the time course of the changes 1n blood flow with the development of
hypersensitivity of certamn biological preparations to adrenaline and noradrenaline
which favoured the view that the devel of a hyper: vity to a crrcul
agent might be responsible for the recovery of tone by peripheral blood vessels
{Barcroft and Swan 1953) Duff (1952) demonstrated hypersensitivity n the blood
vessels of the hand to small doses of adrenaline given intra artennally as early as
6 days and as late as 1 year after sympathectomy The 1ncrease in sensitivity #as
such that the concentration of adrenaline necessary to produce an equal amount
of vasoconstriction was four times as much 1 the normal as 1n the sympathecto
mized hand In a later paper Duff (1955) compared the vasoconstrictor effects
of adrenaline and noradrenaline before and after sympathectomy i patients
who had Raynaud s disease A considerable increase 1n sensttivity was demon
strated 1n about half of the hands studsed and this was greater for adrenaline than
for noradrenalme However vascular tone returned in all the hands including
those 1n which hypersensitivity had not been demonstrated  In view of the evidence
for catechol amimnes 1n the circulation these observations are of significance n the
mechamsm of vasomotor control

Noradrenaline and adrenaline excretion rate

Both noradrenaline and ad line can be d rated mn the urine  Euler
and Hellner (1951) have reported excretion values averaging respectively 29 0and
11 5 micrograms per 24 hours 1n healthy subjects undergomng normal activity In
another study Euler Hellner Bjorkman and Orwen (1955) noted that the excretion
rate was much greater during the day than duning the might Holmgren (1956)
showed that after prolonged activity the rate of excretion of both adrenalme and
norad || was appr ly doubled Assuming that urmnary excretton
represents 3 per cent of the total excretion rate 1t was calculated that 70 mith
micrograms of noradrenaline were released into the circulation each minute
Euler Luft and Sundin (1955) found that the excretion rate for both adrenaline
and noradrenaline was increased threefold when the subject was tilted mto the 45
degree upright posttion for a prolonged period

Euler Franksson and Hellstrom (1954) reported the excretion rate of nor
adrenaline to be unaltered 1n patients foll g bilateral \! y an
assumed that 1t had diffused from the sympathetic nerve endings to enter the
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capillary or venous blood Euler and Luft (1951) had previously studied the
excretion of noradrenaline during the mtravenous infusion of this substance and
found that about 3 per cent was recovered 1n the unine  This has been used by
Holmgren (1956) for the calcul of the rate of 1nto the crrculation
It does not necessanly follow that the daily urinary excretion of noradrenaline
represents any fraction of similar magnitude of noradrenaline released at adrenergic
nerve endings which would have to traverse the walls of blood vessels before
entening the circulation  Moreover 1t 1s probable that the enzyme systems near
the adrenergic nerve endings are the more efficient inactivators of the transmitter
substance Hence relatively large amounts of noradrenaline may be utilized daily
m the mediation of the sy h nerve 1imp The d ton of cate
chols 1n blood 1s more difficult but Weil Malherbe and Bone (1953) reported up
to 5 micrograms of noradrenaline per litre of venous blood 1n resting subjects
Correlations of blood levels and of urmary excretion rates may clanify the factors
regulating the excretton of these substances

The formation and inactivation of noradrenaline has not been established with
certainty (Blaschko 1954)  Although most of the destruction takes place at the
end organs some diffusion into the circulation appears to take place accounting
for the constant quantity of catechols—prnincipally noradrenahine—excreted 1n the
freeformintheunine  Amine oxidase has been shown to mmactivate both adrenaline
and noradrenaline and 1t has been assumed to play this role in biologtcat systems
The observations of Euler and Zetterstrom (1955) and of Celander and Mellander
(1955) dicate that this 1s probably not of major tmportance The former showed
that the fraction of corbasil (unaffected by amine oxidase) excreted in the urine
after its subcutaneous administration 1n man s about the same as that of adrenaline
and noradrensline  Celander and Mellander (1955) compared the effects of
adrenaline and noradrenaline so that under one circumstance the catechols passed
durectly to the test organs under the other they passed first through the vascular
bed of the lower hmbs  They concluded that about 90 per cent were elinmnated
1n 2 single passage through the vascular bed  Their findings were simular even after
the admrustration of inubitars of the amine oxidase system

THE HORMONES OF THE ADRENAL MEDULLA

Although the adrenal medulla 1s part of the autonomuc nervous system the
nature of 1ts hormones will be considered under a separate heading  Its secretory
cells are innervated by preganglionic fibres which correspond to the ganglion cell
and postganglionic nevrons of the autonomic system The emergency function
of the secretory cells differs fundamentally from that of the sympathetic adrenergic
fibres with their apparently continuous nfluence

For many years adrenalne alone was considered to be the active principle of the
medulla  Tullar (1949) and Euler and Hamberg (1949) demonstrated however
that approuimately 20 per cent of this vaso active material was in fact noradrenaline
The presence of both hormones 1 the medulla may now be accepted as an estab
lished fact the proportion of each amine present vanes from species to species
(West 1955)
Decline of hormone content

Interesting observations have been reported by Hokfelt (1951) and by West
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et al (1953) on the change in the hormone content of the mammahan medulla
with age  West studied the organ of Zuckerkandl and the medulla n human
necropsy matenal ranging from foetuses of 14 weeks gestation to adolescents
aged 15 yewrs Throughout gestation and for the first 2 months of Iife the
proportion of noradrenaline present 1n both the adrenal gland and the organ of
Zuckerkandl was almost 100 per cent From 2 months the proportion rapidly
declined to 60 per cent at 1 year and to the fraction found 1n the adrenal medulla
of the adult (20 per cent) at 3 years The authors suggested that during gestation
and early fe the noradrenaline from these sources sersed to mamtai vasomotor
tone until the development of the more differentiated autonomic nervous system
was sufficiently complete to regulate the pertpheral circulation

Medullary storage

Although the proportion of adrenaline and noradrenaline 1s relatively constant
within an individual species 1t would be difficult to believe that a spectes spectfic
equilibrium was obtained between the two compounds if they eusted 1n the same
cells (Euler 1951)

Detailed investigitions of the y storage of adrenalme and norad:
were carried out by Hillarp and Hokfelt (1953) Hullarp et af (1953) and Blaschko
et al (1955) The vaso active matertal occurs within specific granules contamed
in the medullary cell which behave as simple osmotic systems the catechols are
normally unable to pass from within the granule Nevertheless the rpd release
of the stored catechols on rupture of the granules suggested that they eusted
a soluble and active form within its structure  Hillarp and Hokfelt suggested that
while all cells can form noradrenaline only certain specific cells can methylate
noradrenaline to adrenaline  Evidence supporting the contentton that cells exist
which are specific for either adrenaline or noradrenaline was provided by Folkow
and Euler (1954) who demonstrated that stimulation of the different areas of the
hypothalamus can alter the quanntity of adrenaline or noradrenahine m the supra
renal vein blood These observations also indicate the presence of specific centres
1n the central nervous system and efferent pathways to separate storage depots 1n
the adrenal gland for each of the catechols

Glandular release under stimulation and stress

The outflow of adrenalme and noradrenaline from the adrenal gland has been
studied by Bulbring and Burn (1949) who showed that both catechols were present
after shmulation of the splanchic nerves m the cat kaindl and Euler (1951)
demonstrated that the output of both catechols was 1ncreased to about four trmes
the resting values during a peniod of bilateral carotid occlusion and that nor
adrenaline predominated 1n the mixture

Hillarp and Hokfelt (1953) and Euler (1951) expressed the opnion that nor
adrenaline was an independent separate hormone of the adrenal medulla Under
conditions of severe circulatory stress such as asphyxia noradrenaline 1s the pre
d t vaso active sut released from the gland  Under other circum
stances for example hypoglycaemia (Duner 1953) adrenaline s principally
released  The experniments of De Largy e ol (1950) mdicate that 1n the humn
subject even when equal of adrenaline an line are present
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n o muxture the effects resemble these of adrenaline more closely than those of
noradrenaline

THE EFFECTS OF ADRENALINE AND NORADRENALINE
IN MAN

n cardiovascutar physiology the pressor effect of adrenaling 1s frequently demon
wrated 1t 15 probable that this acute and severe hypertension if st occurs atall s
an nfrequent phenomenon 10 normal biology  Such reactions are of hmited value
m deterrminng the role which adrenahme plays n the economy of hving creatures
unless certan critena have beewt met  The dose of vaso active matenal must have
a relation to the bofogical values  The route and the mnstantaneous or continuous
nature of the mjection must be speafied  The concentration value arnving at the
effector organ foll g a sudden 18 frequently
out of afi proportion 1o that which might occur physiofogically  The status of the
anymal preparation may well be the most waportant determinant of a response
not only from quantitative but also from qualitative aspects

The effect of adrenaline and noradrenalme on the human aculation was
reported on by Goldenberg ez al (1948) and by Barcroft and Swan (1953)

Subjectne effects

An garly sensation with continuous ntravenous mfusion of 10 micrograms of
adrenaline per mnute was a feclng of expectancy with 2 mild tinghng over the
body Within 10 seconds there was an merease sn depth and rate of respiration
and subjective symptoms were associated with hyperventlation At this period it
was possible to hold a moderate snspiration for only 10~I5 seconds  About 10
seconds after the start of the respiratory symptoms the heart rate increased  this
was not always notwced by the subject  Gradually the foree of the beat sacressed
for a further half minute after which the rate frequently fell to within a few beats
of s resting vatue The subject was now aware of a forceful character to the
heart beat  Shortly after the start of the subjective effects on the heart there was
a feeling of fatigue which usually started 1n the back and spread 1ato both legs
There was & coarse tremot of the hands and feet  After the wfusion had baen
continued for perods of greater than 3 munutes the symptoms diminished very
considerably

With noradrenabine (10 micrograms per mimnute) the symptoms differed n that
the feehng of amaety and expectancy was absent There was an wcrease m
respiration but not to the same extent as with adeenabne and palpitation fatigue
and muscle tremor were absent  In contrast to the symptoms accompanying
adrenaline mfusion those caused by noradrenaline were never famibiar to the
subject

Obgectne effects

Differences were observed in the changes i artenal blood pressure heart rate
cardiac output and ponpheral d by each With adrenal
the mean arteral blood pressure showed hitle of no change  Following a bref
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imtial decline there was an increase n systolic pressure  The diastolic pressure
dechined significantly In contrast to this noradrenaline caused an increase in the
systohe the mean and the diastolic pressures duning the peniod of nfusion
Adrenaline caused a brisk tachycardia lasting for about 30 seconds after which
the heart rate gradually fell to about 10 beats per mimute above the resting value
With noradrenaline the heart rate always slowed 10-30 beats below the control
level  This slowing could be abolished by atropme and is presumably 2 vagal
reflex in response to the elevation of arterral blood pressure  The change i cardiac
output caused by adrenaline and drenaline was d dent
etal (1948) using the Fick method and by Barcroft and Starr (1951) who used the
ballistocardiograph ~ These authors concluded that whereas adrenaline increases
cardiac output with noradrenaline 1t 1s esther unchanged or decreased As a
consequence of the increase 1n cardiac output associated with munmal change 1n
mean blood pressure 1t can be concluded that within the dose range used and
in the normal human subject adrenaline acts as an over all vasodilator At the
same dose level noradrenaline causes a mimimal change n cardiac output and 2
considerable increase 1n mean blood pressure mdicatig an over all vasoconstrictor
action

Local blood flow

In an attempt to define the location of the changes 1n penpheral vascular rests
tance the rate of blood flow 1n different parts of the body has been determined by
several investigators (Barcroft and Swan 1953) In the normal subject the blood
flow through the liver kidneys skeletal muscle and bram accounts for the greater
part of the cardiac output The values for the blood flow 1n different organs
(Table I} afford independ d with the 1 as to the
changes 1n peripheral resistance calculated from data on cardiac output and
penipheral resistance The over all vasodilator effect of adrenaline 1s essentrally
due to an increase in blood flow through the Iner and skeletal muscles In the
case of noradrenaline the unchanged or decreased nature of the flow associated
with the nise in mean arterial blood pressure indtcates a considerable increase 1n
total peripheral resistance

TABLE 1
.

EFFECT OF ADRENALINE AND NORADRENALINE ON THE BLOOD I'LOW
THROUGH INDIVIDUAL ORGANS

Organ Adrenalne ] Noradrenaline
Luver 100 mcrease | Nomateral effect
Kidney 40 decrease | 20 decrease
Skeletal muscle 100 increase ’ No effect or actual decrease
Brain 20 increase J Small decrease

Pulmonary arterial pressure
Fowler et al (1951) showed that the pulmonary arterial pressure was mereased
durng sfusion of noradrenaline  However since the pulmonary capillary (or
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wedge) pressure was equally elevated 1t was concluded that noradrenaline i the
dosage used did not 1y elevate the pul 'y arteriolar r

Differences in action on the metabolic processes

Differences also exist between the action of the two substances on the metabolic
processes (Euler 1951) In amounts of the order stated previously adrenaline
1s from 5 to 10 times as active as noradrenakine in regard to oxygen consumption
(Goldenberg ez al 1948) to release of glucose from the liver and to specific
imhibition or stimulation 1n the nervous system  The effectiveness of noradrena
line 1n reducing the circulating eosinophils was only one sixth that of adrenaline
{Humphreys and Raab 1950)

The role of adrenahine and noradrenaline

These observations on the intact unanaesthetized human subject accord well with
the view that noradrenaline 18 the principal adrenergic nerve transmitter In
quantities sufficient to cause a d and not derable rise 1n blood
pressure 1ts metabokhc effects are not those of an emergency substance  In contrast
the effects of adrenaline a hormone with a general action away from the site of
1ts Liberafton are those which might ch 1Z¢ an emergency sub Indeed
the subjectine effects which a y 1nt; fi of ad line are
frequently famihiar to the subjects of such etpernments having been experienced
previously under conditions of emotional or physical stress ~ Although the outflow
from the adrenal vein has been shown to contain a proportion of noradrenaline
in the human subject the subject: and latory effects of ad 1

di 10 muixtures equal parts of each substance

In conclusionit may be stated that the effects of biologtcally reasonable quantities
of adrepaline and noradrenalme as revealed by these studies on the human
subject do much to indicate the correctness of the assumptions of Cannon and
Rosenblueth (1937) 1n regard to the role of adrenakine and of the adrenal medulla
1 normal physiology

RELATION OF ADRENALINE AND NORADRENALINE TO
PATHOLOGICAL STATES

Essential hypertension

In hypertension from most causes the cardiac output 1s within the normal range
The derangement of function therefore 1s due to an increased vascular resistance
wihich 15 largely due to a reduction m the calibre of the small blood vessels That
this reduction 1s 1nitially related to a vasospastic condition 1s evident because of
the vasodilatation that these vessels undergo when the influence of the sympathetic
nervous system 1s abolished or reduced by the specific central vasomotor depressant
agents by ganghion blocking agents or by surgical sympathectomy Since nor
adrenaline has been demonstrated to be the transmtter substance of the adrenergic
portion of the sympathetic nervous system 1ts possible implication 1n the geness of
hypertension is evident Increased production of noradrenaline at the nerve
endings supersensitivity of the blood vessels to the mediator or 1mpairment of its
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destruction could result in a reduction 1n the calibre of these vessels an increase
in the total peripheral resistance and resulting hypertenston  Indeed Goldenberg
et al (1948) suggested that essentral hypertension might be due to defective trans
methylation of noradrenaline to adrenaline but they were careful to potnt out that
there was no definite evidence for this view  Judson ef al (1950) had no evidence
to suggest that patients with hypertension were more sensitive than normal subjects
to the pressor effects of single ntr: doses of adrenaline or drenal
Since the plasma concentration values (Manger er af  1954) and the unmary
excretion rate (Euler Hellner and Purkhold 1954) of noradrenaline in such
patients do not sigmficantly exceed the values observed in normal subjects
excessive production of noradrenaline at the merve endings 1s unlikely The
virtual aband of surgical sympath n favour of the use of central
vasomotor depressant drugs with ganglion blocking action 1n the treatment of
chinieal hypertension and the phenomenon of the return of vascular tone to certam
normal blood vessels in subjects after sympathectomy 1indicate that local processes
within the muscle cells of the small arteries and arterioles are fundamentally con
cerned 1n establishing the balance between the tension 1n the vessel wall and the
distending force within these vessels The factors determiming the level at which
this balance 1s set are poorly understood and the question of whether the sympz
thetic transmutter 1s concerned directly or mdirectly 1n the determination of this
balance 1s at present unanswered

Phaeochromocytoma

In contrast to the lack of data to associate adrenaline and noradrenaline with
essential hypertension there 1s ample evidence to relate these substances to the
secretory tumours of the adrenal medulla  The presence of both adrenaline and
noradrenaline 1n extracts of tumours removed at operation was first demonstrated
by Holton (1949) stnce when these amines have been repeatedly found Golden
berg er al (1950) reported that the proportion of noradrenaline ranged from 14
to 90 per cent 1n 10 tumours of weights from 21 to 567 grammes  The concentration
varied between 0 03 and 7 65 micrograms per gramme for adrenaline and between
1 02 and 6 96 micrograms per gramme for noradrenaline  Goldenberg potnted out
that the differences seen 1n normal subjects between the effects of small doses of
adrenaline and noradrenaline no longer applied 1n such patients because of the
high rate of release of the amines into the if Under tis
noradrenaline appears to have metabolic 1n addition to pressor effects while
adrenaline causes an over all increase 1n peripheral resistance as well as an
ncrease 1 metabolism

Lund (1952) in a case of ph toma d da
elevation 1n the plasma concentration of adrenalime and noradrenalme and i the
rate of urinary excretion Manger et al (1954) reported on the conrcentration of
noradrenaline and adrenaline in the plasma of 13 pattents with phaeochromo
cytoma In each of 9 patients with sustaned hypertension concentration of
pressor amines was elevated to levels greater than 12 micrograms per litre of plasma
for the sum of ndrenaline and noradrenaline The latter was the predomiant
amine present in most instances In 2 of the 4 remaining patients 1t whom the
artenal hypertension was paroxysmal the plasma concentration was normal but
signtficantly elevated values were ot d after of a pi at
drug for example histamine
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CONCLUSIONS
CONCLUSIONS

Space does not permit a more complete discussion of the role of adrenatine and
noradrenaline 1n the mechanism of the hypoglycaemic response or of the relation
ship of these substances to the actions of the thyrowd or adrenal cortical hormones
1t rs app: however that drenatine and adrenaline may exert a wide range
of influence 1 endocrine activity

I the tast decade the advances in knowledge of the physiology of the hormones
of the sympathelic nervous system and adrenal medulla have been more basic than
applied  Asaresult principally of the work of Enler the nature of the transmutter
substance has been established and the role of noradrenaling m normal bologcat
processes clanfied The presence of both adrenaline and noradrenaline m the
oulﬂow from the adrenal medulla has been taken to mdicate 2 dual function of

Tl d: role of ad as an sub

stance has been sustained In pathologicat states except phacochromocytoma the
role of noradrenaline and adrenaline has sufl to be clucidated
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CHAPTER 13
ADRENAL FUNCTION TESTS
C L Corc

THE WATER EXCRETION TEST

THE aBILITY of the kidney to produce a water diuresis 1s greatly impaired in
states of adrenal defictency The phenomenon has been utilized in the test
developed by Robinson Power and kepler (1941) which 1s widely used The
excretion defect can be completely restored by cortisone or hydrocortisone and the
prompt manner mn which this occurs shows that the defect 1s due to shortage of the
steroid
A simphfied water excretion test was first proposed by Soffer and Gabrilove
(1952) The phenomenon of restoration of diuretic function by cortisone has
been studied 1n detarl by Garrod and Burston (1952) They showed that 1t occurs
23 hours after 50 milligrams of cortisone acetate have been admimstered orally
and that maximum diuresis occurs at about 5 hours  The effect which persists for
about 12 hours but has ceased 1n 18-24 hours 1s spearfic for cortisone or hydro
cortisone and 1s not shown for instance by testosterone or desoxycorticosterone
The ability to smprove poor diuretic power 1n this way 1n a given case 1s strong
evidence that the patient 1s suffering trom adrenal deficiency
As a screening test for Addison s disease or other forms of adrenal insufficiency
the water excretion test 1s of very real value having among ts advantages the great
ment of simplicity
The water excretion test 15 best carried out in the forenoon  The bladder s first
emptied and then a dose of water equivalent to 20 mulltlitres per kilogram body weight
and shightly warmed 1s drunk steadily over a period of 3045 minutes  the quantity 1s
not critical  Patients should be kept at rest during the test and urme collectrons made
at hourly intervals for 4 hours The volumes of these urine samples are measured and
the total output 1n 4 hours recorded as a percentage of the ingested water volume In
normal subjects 50 per cent or more will usually be excreted n the first 2 hours witth
a tatal of at least 80 pec cent during 4 haurs
In adrenal insufficiency the total eliminated 1n 4 hours may be less than 20 per
cent and an excretion of less than 50 per cent 1s suggestive of adrenal deficiency
However a number of other clinical disorders may impair water diuresis  These
can usnally be excluded by routine clinical observation so that confuston will not
often occur  Svch conditions include renal fallure congestive cardiac farlure
gross cedema ascites severe obesity and unaccustomed cigarette smoking
If the 4 hour excretion exceeds 50 per cent the test should be regarded as
negative  If1ts less than this an attempt should be made with cortisone to restore
normal duresis  For this purpose the water test 1s repeated with an oral dose of
50 milligrams of cortisone acetate given 4 hours before the water Occasionally
this dose proves insufficient and 100 mulligrams may then be tried
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Performed 1n this way the test 13 a valuable indicator of adrenal deficiency and
now supplants the more complex test of Robinson Power and hepler It does
not distinguish between primary (add. ) and dary (hypop y) causes
of adrenal deficiency This distinction could be made by repeating the water test
after an effective dose of corticotrophin which should restore some duretic power
if the defect 1s due to hypopituitarism  However 1n practice 1t 1s usually better to
employ other methods for making this distinetion

EOSINOPHIL DEPRESSION TESTS

That the eosmophil cells present n circulating blood tend to disappear under
the influence of cortisone or cortisol was first shown by Hills Forsham and Finch
(1948)  They further showed that there was a prompt fall in the eostnophils after
corticotrophun but that no such fall occurred 1n subjects with Addison s disease
The fall 1s a direct result of the nise in the concentration of hydrocortisone m the
blood and the magmitude of the eostnophl fall 1s very roughly proportional to the
hydrocortisone rise
The celly are easily counted by suitable methods and 1t 15 not necessary to do a com
plete differential count  Special stains are used which cause the lysis of red cells and
of most white cefls leaving unchanged only the much more reststant eosmophis
Several solutions are available the best known being the acetone eosin stain of Dunger
(1942) and the phloxine propylene glycol stain of Randolph (1944) The mam
advantage of the former 1s 1ts simplicity and speed but 1t 1s subject to several serious
errors and has been severely critictzed by a number of investigators It causes some
1ysts of the eosmophul cells and also evaporates quickly so that agility 1s required for
its effective use The author does not use 1t 1n his own laboratory The Randolph
stan 1s more preferable and though it takes a httle longer 1s much more reliable
since the cells are more stable m this solution  This stain does not evaporate quickly
under the microscope and the cells are easily seen  From a considerable experience of
eosmophil counting the Randolph method has proved the most rehable m our hands
Randolph stain —A freshly made mixture of equal parts of 01 per cent phlovine
and 0 1 per cent methylene blue (microscopic stain) each dissolved separately 1n 50
per cent aqueous propylene glycol Blood is drawn to the 0 5 mark on a white cell
pipette and diluted to the top mark with the dsluting flud  The whole 1s well shaken
Counting 1s best done m a Fuchs Rosenthal chamber after thrs has been allowed to
stand for 10 minutes or more to allow the cells to stain and to settle
Normal eosinophil counts vary between 60 and 500 per cubic millimetre
not the absolute count but the percentage drop from the nstial Jevel which 1s the
sigmificant figure m any test based on these eells

Itss

Depression by stress
Circulating eosmophils decrease after a wide varety of noxious procedures
(for a review of the Iiterature see Hills Forsham and Finch 1948} The major
cause of this drop seems to be the adrenal stimulation which results from such
influences Infections accidents fractures surgical operations coronary throm
boss all tend to be followed by 2 fall in eosinophil cells lasting from 3 to 5 days
Such a fall provides idirect evidence of a healthy response of the adrenal cortex
but 1f no fall occurs an madequately responding adrenal cortex 1s to be suspected
Several cases have been recorded m which a lack of eosmophil drop during an
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unsatisfactory comvalescence gave the fisst clug to the discovery of an unsuspected
Addison s disease  The post operatne eostnophil count ss a simple test which has
a useful screening value 0 any post operative Or post d m
which for any reason such as excessne shock adrenal madequacy may be
suspected

Response to adrenahne
For a short persod 1n the early studies of the cosmaptul response 1t was beheved
that adrenaline caused adrenal cortical stamulation since sts injection caused a
pwmpt faltwm eosmophnl cells Observanon of the eosinophil response to mjected
wa d as a test of adrenal function by Recant e al
(1948} They cl:umcd that while persons with normal adrenals gave a drop of
70-80 per cent after 4 hours the drop in Addison s disease was much less  In the
following year Thorn and Forsham (1949) concluded that a falf of more than 50
per cent after adrenahine excleded sertous corhical defiency  Unfortunately the
expenence of others has not been able to confirm the utlity of the test  the
author early obtamned large cosinophil drops m persons with complete hype
puurtarsm and neghgible adrenal activity  Organized ersticism eame at fisst from
French and Swiss workers  Mathiey de Fossey and Dietour (1950) found that
adrenaline often gave a 60 per cent drop in cosinopiuls in undoubted Addisons
disease and Ruppet and Hitzelberger (1951) noted that adrenshne caused a fall

without the intervention of the adrenal cortex A pr ely widemng
revealed the unrehiabihity of the test using adrenahine asa } Best Muchrck
and Kark (1932) after a very careful app H fuded that the d vatue

of negative responses to adrenatine was practically ml
The test 15 often musteading and should never be used

Depression after cortacotrophin

In contrast to these erticisms of adrenahine as a test stmulus the value and
speaificaty of corticotrophin 15 thoroughly established but details of techmique
especially the mode of admimstration have an unportant mftuence on relablsty

‘With effictent stmulation there 1s a rapd nise m the hydrocortisone output of
the adrenal cortex but some lag m the fall m eosmophil cells  These have usually
reached thew lowest level mn 4 hours  Wath soluble corticotrophin administered
mtramuscalarly hydrocorusone output is usually maximat 1 abost § hour but
after mtramuscular gcl the peak of sterold excretion s not reached unty 3-4 hours
For the test fore aither Of Iniratenous
soluble comoo!rophm should be used  Jenkens ez af (1955) have made a valuable
compansan of the dwagnostic use of these two methods 15 Addison s disease

The rapid corticotrophin test
A rough screening test can be made by usmg inttamuseular cotticotrophn A count
o 18 first made of the 2nd 25 mil of soluble
then mjected antramuscularly  Four hours [ater a second count 1s made the fall bemng
expressed as a percentage change from the onginal level A drop n eoswophils of
over 50 per cent s evidence of good adrenat function but & smaller drop eannot safely

be regarded as indscating adrenal inadequacy It does however indicate the need for
further investigation
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Jenkins er al (1955) have extensively mnvestigated this test  In a sertes of oser
500 tests eosinophil drops of less than the arbitrary norm of 50 per cent were
encountered 1n 24 per cent of the normal controls ~ The drop in eosmnophils m
persons with intact adrenals ranged from 0 to 100 per cent whereas the response
1n Addison s disease lay between a 72 per cent nise and a 69 per cent fall  With this
test therefore there 15 considerable overlap between the ty+0 groups and ambiguous
results will often be encountered 1t remains nevertheless a test with value for
screening purposes

A big factor contributing to these nconsistent results 15 believed to be rregular
absorption from the myection stte  This can be avoided by giving the corticotrophin
as a contmuous intravenous dnp  Much better results are then obtamed

The wmtrasenous corticotrophin test
In this test an imual eosinophil count 1s made and then a slow ntravenous drip of
25 of started and for about 8 hours  The second
eosinophil count 1s made at the termination of the infusion  The corticotrophin 1S
dissolved 1n one pint of normal saline solution to provide suffictent volume of vehicle
It 1s (mportant that saline solution and not $ per cent glucose should be used as the
vehicle  the author has recently seen a full addisoman crisis provoked by the m
advertent use of the latter vehicle

With this techmque ambiguous results should be rare since no overlap between
Addison s disease and normal groups occurs  In a large series studed by Jenkms
et al (1955) eosinophil depresston in subjects with normal adrenals was 75-100
per cent with a mean of 94 per cent Eosmophil depression in subjects with
Addison s disease ranged from an increase of 70 per cent to a fall of 50 per cent
the mean for this group being 2 1 per cent fall only

This ntravenots corticotrophm test 1s the most sensitine and reliable that we
have at present for the detection of adrenal cortical deficrency 1t should be used
as the final acbiter m all doubtful cases

17 KETOSTEROID EXCRETION

For the estimation of the 17 ketosteroids 1t 15 desirable that an approved procedure
such as that recommended by the Medical Research Council Commuttee (1951)
should be adhered to  Using such a method the normal range for male adults 1S
from 8 to 26 milligrams daily (mean 13 milligrams) and for women from 51017

1§ (mean 8 rull the tugher figures 1n the male bemg due to 3
proportion of the ketosteroids dernved from androgens produced by the testes
(Hamburger 1948)

Factors influencing output

Since most of the 17 ketosteroid 15 derived from adrenal cortical hormones a
complete cessation of adrenal function will result in a fall to zero of the output if
the female and a fall to below S milligrams per day in the male  There are however
other causes of a reduction n the 17 ketosteroid output and a low output 1s not
proof though 1t 1s suggestive of adrenal defictency It indicates the need for more
defimtive investigation
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17 NETOSTEROID EXCRETION

IF the 17 ketosteroid output 1s normal or raised Addison s disease or adrenat
deficiency duc to hypopitwitanism can be evcluded provided no exogenous source
of ketosterosd such as cortisone or other sterord therapy s being given at the time
Ameng the influences which may lead to a low output are the extremes of age
Under § years the ontput averages normally only 1 4 miltigrams dmly and between
$ and 12 years the mean output 35 3 8 milbgrams  With pubesty there 1s a rapid
incrense wn output the nocmal adult figures being, attamed m about 3 years  Over
the age of 50 years there 1s a steady dechine i the output to haif or less of the
normal adult figuse (henigsberg Pearson and McGavack 1949)

Severe debihitating stales

Almost any chronic ilness can lead to a reduced output and in severe debilitating
states 1t may be particularly fow A review of the ketosteraid output wn such
disorders has been made by Forbes er al (1947) The mean output 1 82 males
with chronic disease was 6 2 mithgrams per day and in 114 females 4 4 milhigrams
per day

In severe ! g states such as mal disease or tubercul weakness
wasting and fow blood pressure are often assoctated with hypochloraemra and a
tend=ncy to pigmentation and a suspioson of Addison s disease may anse  The
finding of a low 17 ketosterord ontput will increase this susprcion but in such cases

the intravenous corticotrophin test 1s desirable for the confirmation of adrenal
disease

High adrenal activiny

Although low adrenal activity 15 always d with low 17k d
output unless exogenous hormone s being given  tugh adrenal actnaty s not
necessanly associated with a high 17 ketosteroid output  This will depend on
whether excessive androgen production 1s taking place  In certam cases of adrenal
d or and less freq ly hyperplasta such an over production
occurs with resultant high 17 ketosteroud output  In the temale there may be
chinical evidence of vinlization but 1n typieal Cushing s syndrome the 17 keto
sterotd output 15 only shightly above or even below the normal mean the over
production being manly of hydrocortisone

Ret d response to cor h

Use of the 17 ketosteroid output as an index of adrenal stmulation by intra
venous corticotrophin has not been justified by results A ris» i output 1 not
certamly provoked even i normal subjects  Jenkms et al (1955) compared the
effectnveness of thus test with that of the i dep after cor
1n 41 tests in panents with Addison s disease the mean rise was 0 § milhgram daily
In contrast 151 tests were performed tn control subjects and these showed & mean
tise of 5 muligrams daily  Stne~ the normal control rang of response completely
overlapped the range of response 1n Addison s disease ambiguous results were
frequent

The use of this test therefore 1s not justified when the results with eosmophil
depresston are so satisfactory
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Jenkins e al (1955) have extensively snvestigated this test In a sertes of over
500 tests eosinophul drops of less than the arbitrary norm of S0 per cent were
encountered mn 24 per cent of the normal controls The drop mn eosmophils in
persons with intact adrenals ranged from O to 100 per cent whereas the response
1n Addison s disease lay between a 72 per cent rise and a 69 per cent fall - With this
test therefore there 1s considerable overlap between the two groups and ambiguous
results will often be encountered It remarns nevertheless a test wath value for
sCreening purposes

A big factor contributing to these inconsistent tesults 1s beleved to be irregular
absorption from the ijection site  This can be avorded by giving the corticotrophm
as a continuous intravenous drip - Much better results are then obtained

The intravenous corticotrophin test
In this test an mitsal eosinophul count 15 made and then a slow intravenous dop of
25 mulligrams of cor started and d for about 8 hours  The second
eosinophil count 1s made at the termination of the infuston  The corticotrophin 1s
dissolved 1n one pint of normal salne solution to provide sufficient volume of vehicle
1t 15 important that saline solution and not 5 per cent glucose should be used as the
vehicle the author has recently seen a full addisonian crisis provoked by the m

advertent use of the latter vehicle

With this technique ambiguous results should be rare since no overlap between
Addison s disease and normal groups occurs In a large sertes studied by Jenkins
et al (1955) eosiophil depression 1n subjects with normal adrenals was 75-100
per cent with a mean of 94 per cent Eosmophil depression m subjects with
Addison s disease ranged from an increase of 70 per cent to a fall of 50 per cent
the mean for this group being a 1 per cent fall only

This travenous corticotrophin test 1s the most sensitive and reliable that we
have at present for the detection of adrenal cortical defictency 1t should be used
as the final arbiter in all doubtful cases

17 KETOSTEROID EXCRETION

For the estimation of the 17 ketosterods 1t 1s desirable that an approved procedure
such as that recommended by the Medical Research Council Commuttee (1951)
should be adhered to  Using such a method the normal range for male adults ts
from 8 to 26 milligrams daily (mean 13 milligrams) and for women from 5 to 17
mithgrams (mean 8 mlligrams) the higher figures i the male being due to a
proportion of the ketosteroids dernved from androgens produced by the testes
(Hamburger 1948)

Factors nfluencing output

Since most of the 17 ketosteroid 1s derived from adrenal cortical hormones a
complete cessation of adrenal function will result n a fall to zero of the output 11
the female and a fall to below 5 milligrams per day in the male  Thereare however
other causes of a reduction 1n the 17 ketosteroid output and a Jow output 15 not
proof though 1t 1s suggestive of adrenal deficiency It mndicates the need for more
definitive 1nvestigation
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TESTS BASED ON CORTICOSTEROID ASSAY

hydroxyl groups attached to the 17 and 21 carbon atoms and a ketone group at
the 20 carbon atom

For this group of (7 2! dihydroty 20 ketosteroids a farrly specific colour reaction
was discovered by Porter and Silber (19500 This reaction 1s based on the development
of a yellow colour when solutions containmg the sterord are alfoned to react with
phenylhydrazine ard sulpbunc acsd  The reaction s 2 senstnve one and with pure
solutions of steroid gives & hinear relation betwewn colour and concentration down to
diutions as low as 1 mecrogram per millditre  The group of sterords which can be
estunated by thus reactton have come 1o be cafled the corticosteroids or {7 hydroxy
corticosteronds  Corticosterord assay can be made n erther plasma or urne but in
each case st 33 necessary (O submut extracts to 4 prelimimary purification to remove
mterfening chromogens

Plasma concentrations

In plasma the amount of these sterords 1s very small  Very considerable care
practice and techreal skill are needed 1f reliable results are to be obtamned bevanse
of the munute mvolved  also chr p of the plasma
extracts s necessary before applymg the cafour reachon  Whle the estimation of
plasma corlicosterords has been of great research value it 15 not really smtable for
routine clinrcal use except 1n specialized faboratones  §11s doubtful whether the
effort 15 justified by the cltnical mformation yielded

The narmal range of values 15 from 3 to 20 micrograms per 100 millilitres the
former figure bewng at the lower Imit of sensitivity of the method Considerable
Ructuations occur during the day and in response to actity (Bayhss 1955)
The plasma concentrations found m Addison s disease are Jow  but not completely
2e10 so that they may frequently overlap the Jower normal hmits Conversely
m Cushing s synd the plasma cor levels are freg ly above the
hrgher normat himst but by no means mvarnably so  As a ¢onsequence figures
withmn the pormal range may be encountered in both diseases and resulls are
therefore sometimes difficult 1o interpret  In cases which are clincatly ambiguous
the plasma corticosterord results are hikely to be ambiguous alse  Peterson and
Wyngaarden (1956) have obtatned evidence from isotope studies which suggests
that changes 1n production or utthization of hyvdrocortisone are not necessatily
shown n the plasma concentrations

In spite of these objecttons a simple plasma corticosterord rethod would

probably be of cltnwcal value  Sulber and Porter (1954) adapted thetr colour reaction
for use as a plasma estumation and Wallace Chnisty and Jailer (1955) reported on
its clineal use  They found 1 normal patients a range of 4-39 micrograms per
100 mullititres and the same range m non endocnine hospital subjects  In 9 cases
of Cushing s syndrome values were mostly between 34 and 57 micrograms the
highest bemg 107 micrograms but 2 fell within the normal range  These authors
considered that the plasma levels reflected adrenal hyperfunction more accurately
than did uninary sterowd excretion  Much depends however on what sterowd
fractson 15 estimated tn the urme

Unmary corticostermd ¢xeretion

The application of the relatively stmple Porter Stiber colour reaction far the
determination ot the corticosterord content of urine hag attracted many workers
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KETOGENIC STEROIDS

Norymberski Stubbs and West (1953) mntroduced a new chemical method for the
study of adrenal cortical metabohsm  Steroids produced by the adrenal cortex
have a short side cham attached at the 17 carbon atom  This stde chain can be
oxidized away by periodic acid with liberation of formaldehyde or acctaldehyde
this can be measured giving a figure for the  formaldehydogenic  steroids The
restdual sterod 1s a 17 ketosteroid which can be estimated by the usual method tor
this group of compounds Brooks and Norymberski (1953) found that sodium
bismuthate 1s a more satisfactory oxidizing agent for the adrenal group of steroids

If then 1n a unine extract the 17 ketosteroids are estimated by the usual method
both before and after oxidation with sodium bismuthate the increase in the second
estimation will give the quantity of steroid produced by the oxidation thatis the
17 ketogenic sterord  This procedure 1s chemically a spectfic one and thus estimates
a group of steroid metabolites the greater part 1f not all of which are dernved from
the adrenal cortex By this technique known adrenal steroids added to unne can
be detected 1n an 85-95 per cent yield In support of the reliability of the method
Norymbersk: Stubbs and West (1953) found very low figures in Simmonds
dsease and 1n a pattent with Addison s disease  Corticotrophin caused a nse 1n
output though of vanable degree

Excretion range

The normal range of excretion of 17 ketogenic sterods lay between 9 6 and 19 2
milligrams daily for men and 4 6 and 13 4 milligrams daily for women  Other
workers have found essentially simdar figures Thus Diczfalusy et al (1955)
found a range of 11-22 milligrams n 17 normal men and 6 9-17 9 milligrams 1
20 normal women the respective means being 15 and 10 6 milligrams  Schuller
(1956) 1n a much larger survey found the same mean figures butin normal sub
Jects a rather wider range attaining to 36 milligrams 1n males and 28 milligrams 10
women  Schuller also studied the effects of age finding excretion maximal in both
sexes between 20 and 55 years

The value of this test in d 15 not yet ads 1y defined as work
has not been done on the vartations m disease states  Several workers have 1&
ported low figures 1n hypopituttarism and 1n Addison s disease but equally low
figures have been found 1n subjects 1n whom the adrenals were not suspect Both
tugh and normal values have been found in clinically certain Cushing s syndrome
Such ambiguities are to some extent mevitable 1n any measurement based on an
unstimwlated adrenal for the normal adrenal may sink to a degree of wmactiity
comparable to that encountered 1n Addison s disease  On the other hand activity
1n Cushing s syndrome may be subject to wide datly fluctuations being on some
occasions within normal limits (Birke Plantin and Diczfalusy 1956) The test
has been studied by Levell er al (1957) and by Moxham and Nabarro (1956)

TESTS BASED ON CORTICOSTEROID ASSAY

The adrenal cortical steroids are characterized by the possesston of a short side
chamn attached to the 17 carbon atom of the molecule and n many there are
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Yirlizing states

The same phenomenon can be used for dhagnostic purposes with vintizing adrenal
cortical lestons with a ratsed ketosteroid output  Those due to adrenal hyperplasia
can be inhibited by cortisone whereas those due to tumour are resistant to such
mhibitton  The test consists m observing for 2-5 days the effect of oral or intra
muscular corttsone on the urinary 17 ketosterord excretion  In general a dose of
200 mithgrams daily 35 sufficient  Jailer ef a/ (1954) applied thus test to 36 patients
with adrenal cortical over action Reduction 1n 17 ketosteroid excretton occurred
m all the 14 female pseudo hermaphrodites with adrenal hyperplasia and n 6
boys with macrogemitosomia praecox and adrenal hyperplasia  Five subjects with
vinilism due to adrenal tumour were investigated but 1n none was there inhibition
Segaloff Gordon and Horwitt (1955) showed that inlubition occurs 1n 4-6 hours
after intravenous infusion of hydrocortisone

Cushing s syndrome

Jailer et al (1954) applied this cortisone test to Cushing s syndrome  Five cases
of adrenal adenoma or carcinoma showed no fall in 17 ketosterotd excretion after
cortisone 1 of 6 cases of adrenal hyperplasia showed no inhtbition and 1n another
the imhibition was only shght The response therefore appears to be less clear cut
m Cushing s than 1n the vietlizing syndromes  This may be due to the fact that
exogenous cortisone can partly metabolize to 17 ketosteroid so that the effects of
1nhibition of endogenous cortisone may be masked by the cortisone administered
These difficulties 1n Cushing, s syndrome can probably be overcome by using a
different suppressing agent  For this purpose the very potent substituted sterotd
9« fluorohydrocortisone has proved of value and Cope (1956) found that with
this substance hydrocortisone excretion in the urine can be completely mhibited
n the normal case and 1n Cushing s syndrome due to hyperplasta  For chinical
purposes 1n Cushing s syndrome the demonstration of reduced excretion of keto
genic sterords 1s a better criterion of tnhibition than the study of 17 ketosteroid
excretion A dose of 10 milligrams daily by mouth of 9« fluorohydrocortisone
will produce full mhibition 1n sensttive subjects and this should be achieved by the
third day

ALDOSTERONE

The clarification of the chinical syndrome of primary aldosteromism by Conn
(1955) has led to a large demand for tests for excessive aldosterone production 1n
man Two assay methods are available for aldosterone 1n urine The first 1s a
bio assay based on alteration m the sodium potassium ratio i the urine of adrena
lectormzed rats after njection of extracts contaming aldosterone (Simpson and
Tait 1952 Llaurado 1956) but the techmique 1s difficult and time consunmung
Inlaboratories accustomed to antmal assay work 1t should be possible to determine
whether a given sample has a high normal or low aldosterone content but a greater
;iegree of accuracy than thus 1s difficult to achieve without considerable extra
abour
The second method for aldosterone assay in unne 1s physicochemical and has

been mntroduced by Neher and Wettstein (1956) This 1s also a laborious techmque
and depends on the separation of aldosterone by two successive developments of
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but there are many difh First the ation of free sterord in urine 1s
small amounting to only 100-300 micrograms per day Secondly many non
specific chromogens exist in urme which interfere sertously with the measurement
of the specific yellow colour Thirdly 1n unpunfied urine circumstances exist
which may actually lead to a negative value for the apparent steroid content even
when normal quantities are known to be present I urmary extracts are punfied
by paper chromatography fair esttmates of the adrenal steroid content can be
made by the Porter Silber reaction (Cope and Hurlock 1952) but the techmque
1s scarcely suitable for routine clinical purposes Another serious complication
hes 1n the frct that whilst the amount of freely extractable Porter Silber reacting
steroid 1s small there 1s tn normal urine a large quantity twenty or more times as
great of metabolites bound to glucuronide which are not extractable by chloroform
or the usual solvents The fraction of this large reserve which spontancously
hydrolyses and becomes chloroform soluble 1s very variable and 1s probably
dependent on bacterial contamination 1n the urine sample

These complications account for much greater difficulty with urine extracts than
with plasma and as a result 1t 1s doubtful whether urinary free steroid estimations
are of appreciable chnical value A critical survey of the difficulties of applying
the Porter Silber method to urine was made by Vestergaard (1953)

In an attempt to overcome these objections Reddy Jenkins and Thorn (1952)
used the fact that butanol 1s a good extracting solvent for the sterotd glucuronides
The onigimal method had many theoretical and practical objections and as much
as half the chromogenic steroid being measured might be lost in the washings
Even with subsequent modifications there are still many objections especially
the large quantities of non spectfic interfering chromogens which Reddy (1954)
admts result in hugh blank values compared with which the colour due to cortt
costeroid may be only a small percentage of the total

The unrehability of the method 1n practice has been reported by severat workers
Smith Mellinger and Patt: (1954) found zero or even negative values in apparently
normal subjects Marks and Leftin (1954) reported that potassum rodide and
paraldehyde could both give false positive readings  Similarly Lampe Himtzen
and Veld (1955) found 2 strongly interfering chromogen i the unne of patients
taking sylphamerazme

Lampe Hintzen and Veld (1956) have compared the results of the method with
the ketogenic sterord method of Norymberski  Only a very rough correlation
exists between the two It would seem that the Reddy method 1s more sensitive it

ling adrenal ffi y though 1n reveahng over action as in Cushings
syndrome there 1s hittle difference between the two

THE DIAGNOSTIC USE OF ADRENAL INHIBITION

When cortisonc 1s administered to a person with intact adrenal glands 1t causes a
pronounced 1nhubition of cortical actvity probably by the inhibition of cortt
cotrophin production  This can be used as a chmcal test as to whether adgner;
gland 15 under endocrine control  The ability of cortisone to mhibit adm;:lt
function was first put to therapeutic use by Wilkins et af (1952) who showed ¢! ;:t
with thus hormone the hyperplasta of pseudo hermaphroditism could be broug
under proper control
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ADRENAL FUNCTION TESTS

paper chromatograms The method has been studted cntically by Nowaczynsks
et al (1956)

It 15 deswrable because of the techmical difficulties involved that any unne
sample for assay should be sent by prior arrangement to a centre where such
assays are regularly carried out as assays by erther method are ltkely to lead to
erraneous results 1f performed by the inexperienced

Whlst lugh outputs of aldosterone have been reporied 1n several proved cases
of primary aldosteromsm (Cope and Llaurado 1954 Milne Muehrcke and Ard
1957) 1n others unine assay gave a normal result In the diagnosis of primary
aldosteronism therefore reliance must be placed mainly on the chinical condition
and the biochemical mvestigation of the potasstum losing state (Aird Milne and
Muehrcke 1956 Cope and Milne 1945)
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STEROID THERAPY IN RHEUMATIC DISORDERS

symptoms are controlled more rapidly by the hormones than by salicylates but
patents tend to relapse when the drugs are withdrawn  Tn an attempt to solve the
problem a co ordinated study was undertaken at 12 Butish Canadian and
American centres  The results showed that there was no long term advantage of
cortisone or corticotrophin over salicylates  These results have been criticized on
the grounds that the hormone dosage was too low and a number of Amenican
observers have expressed the opinton that the hormones 1 a relatively high dosage
for 3 months or longer are more likely to reduce the incrdence of cardiac damage
than are salicylates  On the other hand Brtish physictans who deal with rheu
matic fever feel that hormones have no advantage over salicylates

COMPLICATIONS OF LONG TERM STEROID THERAPY
In the treatment of rheumatoid arthritis with cortisone or corticotrophmn for longer
than a few weeks 1t 15 almost inevitable that side effects of mimor or major nature
will occur  They may be abolished by lowenng the dosage but 1n some cases 1t
may not be possible to avoid them entirely at a dosage which gives adequate
suppression  Only by the I measuring of imp: t against side effects
can the physician decide whether long term treatment 1s justified

Peptic ulceration

This 1s the complication most feared by phystcians who have used long term
cortisone and cor p The exact h by which ul
1s produced 1s not yet known However numerous studies by Gray ef af (1951)
have established the climcal importance of the effects of adrenal steroids on gastric
function Cortisone has been shown both in normal persons and n those with
Addison s disease to cause an increase mn basal and nocturnal hydrochlonic acid
secretion and thus 1s associated with a pronounced nise in the pepsin content of
gastric yjuice  The latter 1s reflected 1n a greatly increased unnary excretion of
uropepsin the output of which 1s frequently raised to the hugh levels encountered
m peptic ulceration

The admunstration of corttsone to patients who have undergone vagotomy has
been found to produce an ncrease 1 uropepsin excretion It thus appears that
the action of cortisone on the cells of the gastric mucosa may be a direct one and
not medrated through nervous pathways A high correlation exists between the
urinary content of uropepsin and 17 hydrovy. ds after
stimulatton

tical

Mashing of symptoms

The practical nsk with patients who develop peptic ulceration on cortisone or
corticotrophtn s that the digestive symptoms may be masked and the first mdrcation
may be haemorrhage or perforation  The result 1s that physicians with experience
of long term treatment with steroids have come to place importance on mnor
gastric symptoms and always to mvestigate them at an early stage

It has been advocated 1 many text books that if peptic ulceration occurs
steroids should be withdrawn  In practice this step may be too drastic as 1t means
that patients who have regamed their independence will be condemned to renewed
cippledom By investigatmg and treating symptoms of dyspepsia at an early
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CHAPTER 14

CORTISONE AND CORTICOTROPHIN IN THE TREATMENT OF
RHEUMATIC DISORDERS

OSWALD SAVAGE

THE FIELD FOR STEROID THERAPY IN
RHEUMATIC DISORDERS

Rheumatoud arthntis
THERE 15 a tendency for some cases of rheumatoid arthritis to be mid while n
others there are long periods of remission  Because of the risk of complicattons
with sterord therapy the likelthood of prol d or indefi t and
the necessity for constant superviston 1t 1s considered 1n Great Britatn unwise
to undertake sterotd treatment until other methods have been tried  As the Medical
Research Council-Nuffield Commuttee (1954) and the Empire Rheumatism
Council trials have shown many cases improve with a regime of salicylates and 1
some cases a period of rest alone will be followed by a remission  On the other
hand 1f steroid therapy 1s to be used 1t should be started before there 1s permanent
damage and deformity as it will have no effect on cartilage erosion or on a joint
capsule contracted by fibrosis There are certain absolute contra indications to
the use of long term steroid therapy active or recent tuberculosis diabetes
mellitus  severe psychol 1 upsets or psych peptic ulceration  and severe
Jomnt damage

In certamn cases where correction of joint deformety such as flexion deformuty
of the knee 1s to be undertaken by means of a mampulation or sertal sphinting or
extensive rehabilitation 1t may be helpful to give cortisone or corticotrophin to
suppress inflammation during this period  Sometimes 1t 1s hard to decrde whether
steroid therapy should be used because of the difficulty 1n estimating the degree of
ymprovement which might be obtamed In such circumstances treatment with
cortisone or corticotrophint can be given for a few weeks and then withdrawn
slowly 1f there 1s not suffictent improvement to justify long term therapy

Ankylosing spondyitis

There 1s a small place 1n this condition for the use of steroids during exacerbation
of acute back pain  For routine treatment deep x ray therapy at any rate for one
course 15 considered to have more effect on the disease process and for spimal
pan phenylbutazone has proved more effective than cortisone

Rheumatic fever
The place of cortisone and corticotrophin in treatment has not yet been decided
The essence of the problem 1s whether hormones are more effective i prevent
ing cardiac damage than are salicylates  There 15 no doubt that fever and joint
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COMPLICATIONS OF LONG TERM STEROID THERAPY

Surgeons have been impressed by the fact that in rabbits wound healing 1s
inhibited by very large doses of steroids and they may be reluctant to increase
dosage for fear of wounds not healing normally However the doses of steroids
used 1n the wound healing experiments were excessive and bear no relation to
present human dosage In practice fataltties have been known to result from
adrenal failure when cortisone has been withdrawn before even munor surgical
procedures

It should be routine practice to give extra cortisone to cover surgery or other

mergen and 1t s ded that 100 be given mt Ty
24 hours before and on the day of operation more should be given before major
such as adrenal and 1ts withd, ] should be slower The

objective should be to provide a depot of adrenal sterosd in case of body need
particularly if oral admimistration may not be possible over the operation period
Intravenous hydrocortisone should also be available for use in case of a dangerous
fall of blood pressure after operation

Obesity

Thts may be a troublesome problem in long term treatment particularly
women at the menopause Both cortisone and corticotroplun cause an increase
n appetite and patients may have d mr th from over
eating Most patients with rheumatoid arthritis are underwerght and 1t has been
found by expertence that once the werght has returned to normal and there 1s a
tendency to gain more 1t 15 wise to impose dietary restrictions particularly with
regard to carbohydrate Many patients with rheumatoid arthntis have some
damage to the knee and foot joints and obesity adds a factor of mechanical stram
to their lower hmbs which may well increase their symptoms

Osteoporosis

Albnght (1942) has shown that the ant1 anabohic protein deficiency effects of
oxysterords can result in osteoporosts and this can be serrous m a disease such as
theumatord arthnitis which may be accompanted by osteoporosis  Long term
steroid therapy therefore should not be undertaken in cases where 1t 1s severe
for fractures of vertebrae and long bones have been known to occur It 1s
advisable mn such cases to give a high protein diet and androgen therapy can also

be employed It should be ed too that patients who have been confined
to chair or bed with rheumatoid arthntis and who are on cortisone treatment
must be rehabul d with care if 15 present

Sodium retention

In amimals small doses of cortisone or corticotrophin cause sodium retention
by resorption by the renal tubules and also dimimution of both chlornde and sodium
excretion in sweat and saltva  With such treatment therefore a careful watch
should be kept for the onset of cedemna which tends to occur first 1n feet and ankles
It 1s important to recognize this early particularly where cardiac function 1s poor
as 1t may progress to congestine oedema unless corrected  With large doses of
these drugs sodium retention with oedema can occur within a few days  Thus may
be corrected by a spontaneous diurests after a week or two but 1t can persist and
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CORTICOTROPHIN IN TREATMENT OF RHEUMATIC DISORDERS

stage so that ulceration 1s demonstrated before erosion 1s advanced 1t has been
possible to produce healing by medical treatment tn 2 number of cases and without
withdrawing sterotds Occastonally where the uleer has faied to heal completely
under medical measures partial gastrectomy has been undertaken and the steroids
continued with success

Gastric haemorrhage

Patients on cortisone or corticotrophin who become anaemic should be mvest:
gated for the possibility of intestinal bleeding  If haemorrhage from a peptic
uleer occurs there 1s a tendency for this to continue even 1o 2 fatal issue possibly
because of the alteration 1n blood coagulation caused by steroids Because of the
possibility of a continued gastric haemorrhage 1t may be wiser to have an area of
ulceration removed early otherwise a surgeon may be faced with an emergency
operation on an exsangtinated patient  Such a complication as gastric haemorr
hage from a peptic ulcer 15 not common 1 the treatment of rheumatoid arthritis
with cortisone or corticotrophin but 1t 1s one which the physician has to regard as
a dangerous possiility It 15 therefore tmportant to demonstrate 1t and treat it
at an early stage

Suppression of mflammatton and the masking of infections

The oniginal observations of Hench on the dramatic effect of cortisone and
corticotrophin mn rheumatoid arthritis called attention to the capacity of adreno
cortical hormones to suppress ion  This supp was d
clinically 1n joints by a rapid 1 of the classtcal signs and h Ily by a
decreased number of plasma cells and lymphocytes a reduction of papillary tufting
a decreased deposition of fibrin and diminution of necrosis and oedema 1n the
synovial membrane

Cortisone and corticotrophin have been shown 1n numerous studies to be capable
of supp the nfl; 'y resp to a wide vanety of mciting agents
mcluding chemical irnitants foreign protens and micro organisms  These
hormones also mhibit the general systemic signs of inflammation such as fever
and toxaemia  Much work has been done 1 investigating the effect on antibody
formation but there are no conclusive studies showing that this 1s altered

Signs of inflammation are suppressed so that though patients will feel 1ll from
for ap y or renal the fever and chmical signs are
reduced  So far as 15 known an antibiotic or sulphonamide preparation can be
used as effectrvely as in the normal way and without alteration 1n sterord dosage

Adrenal cortical suppression and failure in emergency

The capacity of the body to respond to stress 1s p
or excess of adrenocortical hormones Vulnerability to stress 1s a charactertstic
of Addison s disease and 1t can be combated at ordinary levels by relatively small
quantities of oxysteroids such as cortisone  During long term cortisone treatment
nvolutionary changes tend to occur 1 the adrenal cortex and 1ts ability to react
to stress 15 dimunished  This may also occur to some extent with corticotrophtn
treatment when the cortex cannot respond to further stimulation This means
that 1n such cases an ncreased dose of cortisone should be given in the event of

inflammation or operation

dly modified by defi
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COMPLICATIONS OF LONG TERM STERQID THERAPY

Surgeons have been impressed by the fact that n rabbits wound heahng 1s
inhibited by very large doses of steroids and they may be refuctant to ncrease
dosage for fear of wounds not healing normalty However the doses of sterods
used m the wound healing expuriments were excessive and bear no relatton to
present human dosage  In practice fatahties have been known to result from
adrenal failure when cortisone has been withdrawn before even munor surgical
procedures

1t should be routine practice to give extra cornisone 1o cover surgery or other

and it ss ded that 100 muil be gven ly
24 houts before and on the day of operation  mote shoutd be given before major

P such as ) y and sts withdrawal should be slower The
objective should be to provide a depot of adrenal sterord 1 case of body need
particulatly 1 oral adminsstration may not be possible over the aperation pertod
Intravenous hydrocortisone should also be available for use in case of a dangerous
fall of blood pressure after operation

Obesity

This may be a troublesome problem in long term treatment particulacly m
women at the menopause  Both cortisone and corticotrophin canse an increase
m appebte and patients may have d mn tves from over
eating  Most patients with rheumatord arthritis are underwerght and it has been
found by expertence that once the weight has returned to normal and there s a
tendency to gain more 1t 1S wise to impose dietary restnctions particularly with
tegard to carbohydrate Many patients with rheumatord arthritis have some
damage to the knee and foot yoints and obesity adds a factor of mechanical stram
to their fower Iimbs which may weil mcrease their symptoms

Osteoporosis
Albright (1942) has shown that the antt anabolic protem deficiency effects of
can result in p and thus can be serious m a disease such as

theumatoid arthntis which may be accompamed by osteoporosis  Long term
sterord therapy therefore should not be undertaken n cases where it 15 severe
for fractutes of vertebrae and long bones have been known to occur It 15
advisable 1n such cases to give a high protem tet and androgen therapy can also

e employed Tt should be bered too that patients who have been confined
to chair or bed with rheumatosd arthritis and who are on cortisone treatment
must be rehabit d with care if P ts present

Sodim retention

In animals small doses of cortisane or corticotrophm cause sodwm retentton
by resorption by the renal tubules and also dyminution of bath chionde and sodium
excretion n sweat and saliva  With such treatment therefore a careful watch
should be kept for the onset of oedema which tends to occur first 1n feet and ankles
1t 13 smportant to recogawe this early particutarly where cardiac function 1s poor
83 3t may progress to congestne oedema unless corrected  With large doses of
these drugs sodium retention with cedema can occur within a few days  This may
be corrected by a spontaneous diuresis after a week or two but 1t can persist and
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CORTICOTROPHIN IN TREATMENT OF RHEUMATIC DISORDERS

be a sentous and defimite danger  With the smaller doses of these steroids now
employed 1n the long term treatment of rheumatoid arthntis severe oedema 1s
uncommon  When 1t occurs 1t can be corrected by the use of mercural dwretics
It 15 often the practice to elmnate salt from the diet 1n an attempt to avord this
complication

Potassium depletion

Many of the adrenal cortical steroids cause increased excretion of potassium
and this may be a complication of long term treatment The symptoms of such
hypokalaemia and atkalosis may be obscure  Generalized weakness accompamed
by diffuse abdominal parn may lead to a susptcion of this complication which can
be confirmed by finding the typical flattening of the T wave mn the electrocardio
gram and a low potassium lesel 1n the blood  The condition can be corrected by
giving potassium chlonide by mouth and lowering the steroid dosage

Glycosuria

With prolonged admumstration of cortisone dimmution m glucose tolerance
and consequent glycosurra may be produced As pancreatic diabetes may be
worsened by adrenal steroid administration 1t 13 important to exclude drabetes
melhitus before steroid therapy 1s undertaken

Psychological disturbances

Definite improvement in the mental outlook of pattents with rheumatic disorders
almost always occurs while cortisone and corticotrophin are being adminstered
Sometimes an exaggerated sense of well being may develop It 1s natural 1n 2
chronic disease such as rheumatotd arthntis with the fear of permanent erippling
always present for dramatic relief of pain and disability to result in a return of
sell confidence An optimistic elated mood amounting to euphoria often
develops with an acceleration of the tempo of mental and physical actmty It s
important that a careful evaluation of the patient s personahity and family history
should be carried out when hormone treatment 1s contemplated  If there 15 any
question of psychosis 1t should not be prescribed

PATTERN OF RESPONSE TO STEROID THERAPY IN
RHEUMATOID ARTHRITIS

During the early trials of cortisone and corticotrophin large doses were given
and the response was dramatic Patients stated that they felt as though their
limbs were unlocked and those who were bedridden or confined to a chair were
able to move easily m a few days The pain and mflammation were suppressed
rapidly and they could feed and dress themselves within 48 hours and this after
being dependent on other people for months or years (Fig 4) 1t was soon clear
however that side effects also occurred rapidly and that prolonged treatment with
Jarge doses was impracticable In addition rapid transition from crippling to
mobility resulted mn weak muscles being over used and over stramed and bones
which had become osteoporotic from the disease were lable to fracture under
sudden stress It has therefore become the practice to start treatment with smaller
doses and so improvement 1s more gradual and side effects avorded
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RESPONSE TO STEROID THERAPY IN RHEUMATOID ARTHRITIS

Most physicians using steroids in rhevmatord arthritis now give an imtral dose
of 50 miligrams of cortisone or 20 umits of corticotrophin  The dose of cortisone
may be raised to 75 mulligrams a day 1f there 1s no response and to 100 milligrams
a day for short periods but 1n most cases this dosage will produce side effects if
admimsstered for long periods

Cor phin has the disad ge of having to be mjected  On the other
hand by measuring the output of urinary 17 hydroxycorticosteroids the level of
adrenal stimulation can be estimated and the dosage so regulated  Patients have
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mjected themselves subcutaneously each day with satisfactory results for as long
as 4 years

With moderate dosage of steroids the pattern of tmprovement 1s slower but
satisfactory It 15 usually a week or more before improvement can be measured
though the | the rh d arthatis may disappear more
quickly  Jomt tenderness lessens but is not wsually abolished jomnt swelling 1s
dimimished but 1t too may not entirely disapp and though
the result 1s dependent on the amount of permanent joint damage present Ina
satisfactory response the power of the grip usually doubles and 1n general the
ability to perform simple movements such as dressing and hght work 1s restored
Function mmproves more than objective signs and patents should regain their
wndependence and be able to return to work though the disease 1s still active and
only suppressed Organized rehabilitation with exercises 1s necessary 1n the early
stages of treatment

In the early days of these drugs the fear was expressed that dose requrements
would nerease but this has not proved to be the case It 1s the accepted practice
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CORTICOTROPHIN IN TREATMENT OF RHEUMATIC DISORDERS

be a serious and defimte danger  With the smaller doses of these sterotds now
employed 1n the long term treatment of rheumatowd arthritis severe oedema 1s
uncommon  When 1t occurs 1t can be corrected by the use of mercunal diuretics
It 15 often the practice to elimmate salt from the diet 1n an attempt to avoid this
complication

Potasstum depletion

Many of the adrenal cortical steroids cause increased excretron of potassium
and this may be a complication of long term treatment The symptoms of such
hypokalaemma and alkalosis may be obscure  Generalized weakness accompamed
by diffuse abdominal pain may lead to a suspicion of this complication which can
be confirmed by finding the typical flattening of the T wave in the electrocardio
gram and a low potassium level 1n the blood The condttion can be corrected by
giving potassium chloride by mouth and lowerning the steroid dosage

Glycosuria

With prolonged admmnsstration of cortisone diminution 1n glucose tolerance
and consequent glycosuria may be produced As pancreatic diabetes may be
worsened by adrenal steroid admuinistration 1t 1s important to exclude drabetes
mellitus before steroid therapy 1s undertaken

Psychological disturbances

Definite improvement 1n the mental outlook of patients with rheumatic disorders
almost always occurs while cortisone and corticotrophin are being adnunistered
Sometimes an exaggerated sense of well being may develop It 1s natural in a
chromc disease such as rheumatord arthritis with the fear of permanent crippling
always present for dramatic relief of pain and disability to result i a return of
self confidence An optimsstic elated mood amounting to euphoria often
develops with an acceleration of the tempo of mental and physical activity It 1s
important that a careful evaluation of the patient s personality and fammly hustory
should be carried out when hormone treatment 1s contemplated  If there 15 any
question of psychosis 1t should not be prescribed

PATTERN OF RESPONSE TO STEROID THERAPY IN
RHEUMATOID ARTHRITIS

During the early trials of cortisone and corticotrophim large doses were given
and the response was dramatic  Patients stated that they felt as though therr
Iimbs were unlocked and those who were bedridden or confined to a charr were
able to move easily 1n a few days The pamn and inflammation were suppressed
rapidly and they could feed and dress themselves within 48 hours and thus after
being dependent on other people for months or years (Fig 4) It was soon clear
however that side effects also occurred rapidly and that prolonged treatment with
farge doses was mmpracticable In addition rapid transition from cripphng to
mobility resulted 1n weak muscles being over used and over strained and bones
which had become osteoporotic from the disease were lable to fracture under
sudden stress It has thercfore become the practice to start treatment with smalier
doses and so improvement 1s more gradual and side effects avoided
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LOCAL HYDROCORTISONE
Tntra articular inyections
Intra articular smyections have become rounne treatment 1n theumatoid arthritis
and in some cases of osteoarthrniis where there 1s an inflammatory effusion  The
usua) precautions agmnst sepsis must of course be taken when a jount 15 inected
There ate two drawbacks to this type of treatment

Technical difficulties
The first 15 the dificuRy and pain of snjecting cenam small joints such as those
of the fingers and feet French rk )\ are enth about hvdro

cortisone mnection of Heberden s nodes in the terminal phalangeal jomnts but it
can be a most patnful procedure  Larger joints such as the knee ankie and shoulder
are relatnely easy 1o mject particularly where there 15 an excess of jount filmd
The knee s the joint most commonly treated by this method  The hip jomt 15
extremely difficult to inject but recemly a simphfied method of approach has been
described by Landsmeer and Koumans {19%4) A new method of intra articular
mjection by a powerful hypospray which eliminates the use of a needle has been
described by Z2aff Contreras and Schrd (1956)

Skort action of Indracortisone acetate

The second drawback anses from the fact that the effect of local hydrocortisone
acetate only Jasts 2 shost ime probably a few days so that the procedure may have
1o be repeated at frequent intervals of there 15 recurrence of mammation It 1s
not feasible 10 ject even Jarge yomts such as the knee more than once a moath
and so this type of treatment ¢an only be tepeated ona limited number of occasions
Other substances have been tned in the hope of finding one which would have a
fonger fasting anty snflammatory action but without success

In spite of the short action of hydrocortisone and the practicat difhiculty of
njecting certain jownts s treatment 1s valuable for soft tissue lestons for tts
mtra articular effect mostly in rheumatowd arthritts and occastonally for other

& y jount cond No advantage has been found i employing more
than 50 muthprams (2 milintres) for a single Joint and in small yoints or localized
lesions less mav be used  Care must be taken that it is never employed where
there 15 & possibihity of the disease being tubercuions

THE CORTISONES
Pharmacological research
Chemical research has aimed at providing ather steroids with an ants inflam
matory and anticheumatic effect without the side effects and the following sub-
stances have been tried in rheumatord arthntis

Hy drocortisone acetate
This 15 connidered to be the man ants inflammatory adrenal glucocorticoid and
asuts focal effect 1 more pronounced than that of cortisone 1t has become the steroid
of choce for intra articular and soft tissue iyections  Boland (1955) mveshigated
the antirheutnati effects of hydracorisone given orally and found that the pattern
of improvement was the same as with cortisone but that its potency was 50 per
17



CORTICOTROPHIN IN TREATMENT OF RHEUMATIC DISORDERS

that adeq pp of symp and signs should be obtained with the
lowest possible dosage  Periodic attempts to reduce the dose should be made 1 a
long term programme of treatment

Both cortisone and corticotrophtn correct the anaemia of rheumatoid arthnitis
The sedimentation rate usually falls initrally but tends to rise again and levels off
above normal but below the orginal figure Roses differential agglutination
reaction 1s not restored to normal

ROUTINE SUPERVISION

The routine management of cases on long term steroid therapy 1s best carried out
at a clintc  For patients on small doses 1n whom 1t may be difficult to be sure
whether the ant: y effect 1s factory methods of measurement
such as strength of grp amount of joint tenderness and the carrying out of certam
movements which can be timed are useful

Regular weighing testing for glycosurta and for oedema and estimation of the
blood pressure should be carried out and patients should be questioned about
dyspepsia  Analgesics are allowed and 1t 1s helpful to know the dose being used
daily  Estimation of the sedimentation rate 1s a useful guide as 1t tends to returnt
to normal 1f the underlying disease 1s going into remussion and tends to rise of
the arthritis 1s becoming more active in which case a higher dose of sterord 15
necessary It1s probably wise to have a chest x ray taken every 6 months to exclude
any tendency to reactivation of an old tuberculous focus  In the early stages % hile
the dose 15 being adjusted to a working mimmum_ patients should attend weekly
Once they are stabdized 1t has been found suffictent to sec them every 4 or 6 weeks

LOCAL HYDROCORTISONE

Hydrocortisone acetate appears to have the most marked anti inflammatory action
of all the oxysteroids when used locally Hollander es ! (1951) have shown that
there 1s a sut I red of leucocytes and Ily of polymorphonuclear
I ytes I an v jomt effusion within a few hours of the ntra
articular injection of hydrocortisone

It has also been shown that there 1s a change 1n the mucin fraction of the synovial
flnd with a rise 1n viscosity It would appear that the effectiveness of an mtra
articular agent 1s related to its solubility in the fluud  Hydrocortisone acetate 15
the least soluble steroid and the most effective  Studies on the recovery of the
steroid from the jont fluid after imjection indicate that 1t 1s taken up by the synovial
cells It has been shown that after a few minutes only a small amount of hydro
cortisone can be recovered from the joint fluid demonstrating 1ts rapid absorption
by these cells  Other sterords have a stmilar action 1n jount flud but are much less
effective than hydrocortisone acetate

This local ant: mflammatory effect has been widely used 1n the treatment ofa
number of cond with the th disorders Localinflammatory
conditions of the soft tissues such as epicondyhitis (tenms elbow) subacromial
bursttis {periarthriis of the shoulder) mflammation of the tendo achiliis ar}d
stenosing tenosynovitis (de Quervains disease} have responded to accu}n;ate¥
placed jections of hydrocortisone acetate so saving weeks or months ol

phystotherapy
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amount of 17 hydroxycorticosterowd in unine  This has been a great step forward
as 1t 1s now possible to follow the level of adrenal sumulation produced by cortt

Using this ‘West and Newns (1953) have shown the posst
bilities of treating rheumatoid arthritis by continuous adrenal stimulation West
(1956) has also pointed out the satisfactory results obtaned from using low potency
corticotrophin as manufactured at present  higher potency preparations will allow
more accurate control

Vanations in blood hydrocortisone in rheumatad arthntis

As a result of measurements of the amount of hydrocortisone in the blood
which 15 now possible by the method of Porter and Stiber some interesting pro
gress m the knowledge of cortisone metabolism has been made It has been
found that there 1s a diurnal vanation 1n the level of blood hydrocortisone 1n
normal subjects The mean value 1s ligh at 8 am  though 1n some people this 1s
delayed 11 10 am  and falls duning the next 4 hours  After a short nise 1t falls
again and 1s low between 4 pm and 6 pm  Studies throughout the night have
shown a low level at 3 1 m followed by a nise to the morming peak  Investigations
on rheumatoid patients have shown that the blood hydrocortisone 1s high but
that there are greater fluctuations throughout the day than in normal subjects

Scientific control of treatment

Estimations of blood hydrocortisone should soon enable the dosage of cortisone
to be controlled by scientific caleulation tnstead of by balancing clinical improve
ment and side effects  In the case of corticotrophun esttmatton of the level of
adrenocortical activity should make 1t possible to avoid over stimulation and to
adjust the dose to that required for the suppression of symptoms

In fact as knowledge grows the physician should be able to use the cortisones
and corticotrophin more scientifically  Nevertheless 1t must be remembered that
since these sterowds were introduced 1 1948 a large number of patients with
rheumatoid arthritis and allied conditions of a type which up to that time had fajled
to respond to other treatments have been greatly benefited and have been able to
get about agan and to return to work
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cent greater  After further study he concluded that although hvdrocortisone was a
valuable agent m the management of selected cases of rheumatoid arthritis it was
far from an ideal suppressive agent Like cortisone 1t had many shortcomings
chuef among which were hormonal side effects espectally when dosage require
ments were large and the tendency to aggravate certain co existing pathological
conditions  The development of unresponsiveness 1n some patsents after prolonged
administration and the failure to prevent disease progression 1n an appreciable
percentage of cases were also noted Hydrocortisone by mouth n dosages of
70 mulligrams or less 2 day has been found valuable 1n the long term treatment of
cases which tend to develop obesity on cortisone

9 « Fluoroly drocortisone

This sterord has been tested 1n rheumatic disorders Its antt mflammatory
action at least ten times stronger than that of cortisone 1s accompanied by marked
sodium retasning effects and m prelimmary studies almost all patients developed
signs of flurd retentron at an early stage This precluded 1ts use mm rheumatord
arthritis

Predntsone and predmisolone

A number of other steroid compounds have been given pilot trials in rheumatord
arthrtis but none was satisfactory until the advent of prednisone and prednisolone
Most observers agree that these substances are four or five ttmes more potent than
cortisone acetate and that the sodium retamning effects are less but 1t 18 thought that
they have a partcular tendency to produce dyspepsia and peptic ulceratton 1t
would seem that they are superior to cortisone 1n the long term management of
rheumatoid arthritis and are useful when sodium retaining effects have become
troublesome but mferior when there 1s a tendency to dyspepsia

Corticotrophin

When corticotrophin was first used for the treatment of rheumatord artheitis
there were many disadvantages some of which have now been overcome The
early preparations were short acting and had to be given by intramuscular sajectiornt
several times a day The present long acting preparatsons usually provide adrenal
stimulation for 24 hours or more and can be given subcutaneously ~ Patients under
this treatment can mject themselves 1n the same way as drabetics

SOME ADVANCES AND THE FUTURE

Tests of adrenal activity m rheumatoid arthnitis

It has been considered that 1n the many condrtions where corfisone 1s effectnve
there may be some abnormality of the adrenal cortex but m rheumatoid arthritis
all efforts have failed to demonstrate any evidence of adrenal failure  Although
patients with this condition frequently have a low level of adrenal cortical acnvn¥
the test measurements are within the normal range but the present methods ol
measuning adrenal acttvityare not satisfactory and i the main consist of esum?lmtg
adrenal metabolites in the urine In fact the estimation of 17 ketosteroid Dutﬁud
which includes androgen and oestrogen end products was the only me ti
available until Norymberski ntroduced hus practical method of estimating the
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amount of 17 hydroxycorticosteroid in urine  This has been a great step forward
as 1t 15 now possible 1o follow the level of adrenal sumulation produced by corti

phin Using this West and Newns (1953) have shown the posst
bilities of treating theumatord arthntis by continuous adrenal stmulation  West
(1956 has also pointed out the satisfactory results obtained from using low potency
corticotrophun as manufactured at present  hugher potency preparations will allow
more accurate control

Variations in blood hydrocortisone 1n rheumatoid arthntis

As a result of measurements of the amount of hydrocortisene 1 the blood
which 15 now possible by the method of Porter and Silber some interesting pro
gress 1n the knowledge of cortisone metabohism has been made It has been
found that there 15 a diurnal vamnation 1 the level of blood hydrocortisone
normal subjects  The mean value 1s lugh at 8am  though 1n some people this1s
delayed tll 10 am  and falls durmg the next 4 hours  After a short nse 1t falls
again and 1s low between 4 pm and 6 pm  Studies throughout the night have
shown a low level at 3a m followed by a nisc to the morning peak  Investigations
on rheumatoid patients have shown that the blood hydrocortisone 3s hugh but
that there are greater fluctuations throughout the day than in normal subjects

Scientific control of treatment

Estimations of blood hydrocortisone should soon enable the dosage of cortisone
to be Hed b, Al nstead of by balancing chinical improve
ment and side effects  In the case of corticotrophin estimation of the level of
adrenocortical activity should make 1t possible to avoid over stimulation and to
adjust the dose to that required for the suppression of symptoms

In fact as knowledge grows the physteran should be able to use the cortisones
and corticotrophin more scientifically  Neverthefess 1t must be remembered that
stnce these sterotds were 1ntroduced in 1948 a large number of patients with
rheumatord arthritis and allied conditions of a type which up to that time had fasfed
to respond to other treatments have been greatly benefited and have heen able to
get about again and to return to work
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CHAPTER 15

CORTICOTROPHIN AND CORTISONE IN THE SUPPRESSION OF
ALLERGIC AND PARARHEUMATIC DISORDERS

F Duptey Hart

INTRODUCTION

THE ALLERGIC disorders common 1n Great Britain are 1n the main more of a major
nuisance to the patient than serious diseases dangerous to Iife  Asthma 1s an
exception though only relatively rarely does 1t prove fatal but hay fever urticarra
and the like are productive of many annoying and distressing symptoms which are
eventually self termunating 1f left untreated Provided that no contra indications
exist treatment with corticotrophin or cortisone or one of its analogues hereafter
termed steroid therapy may make Itfe incomparably more comfortable until the
natural remission of symptoms occurs  Short term treatment of this kind may be
most helpful 1n selected patients and in the usual dosage

The term  paratheumatic 15 here used to indicate those disorders which bear
some resemblance to rhcumaiold arlhnus but w]nch are essentially very different
chimcal and therap d lupus eryth polyartenitis
nodosa scleroderma and der The and allied disorder
cramal artentis has also been included except for this disease the group 15
characterized by progresslve cnpplmg ;md averyrealnisk tolife  The use of steroid
therapy 1n such d lupus eryth 15 usually essential
m all but mild cases for qunt: apart from relef of symptoms a progressive
downhill course 1s often seen tf 1t 15 withheld Whatever therapy 1s gnen the
prognosis remamns bad m the pararheumatic disorders sterod therapy for
instance does not prevent the development of the renal changes which so often
close the scene

MODE OF ACTION OF ADRENAL STEROIDS

Robson and Keele (1956) have summarnized the ways 1 which steroid therapy may
be effective though they note that no really satisfactory explanation has yet been
given as to its action  Their data may be grouped under three main headings
(1) Effects on enzymatic and metabokic processes
(2) () Effects on mesenchymal tissues
(b) Effects on antigen antibody reactions and the process of immumza

tion
(3) General theores attempting to explamn all the observations within one mamn
1dea

The enzymatic and metabolic effects have been reviewed by Licberman and Teich
(1953)  Although a la.ge amount of mformation has accumulated we are still far from
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a clear conception of what goes on in the different enzyme systems under the (nfluence
of the various steroid hormones  The fact that steroid therapy reduces the signs of
nflammation has been welt demonstrated both in man and the experimental anmal
but how it does so 1s stil unknown  Changes in vascular tone and capillary permeability
under have been ated by a number of workers (Ebert and Wissler
1951 Cook and MacDonald 1951) and Swingle and Parkins {1935) noted the refation
shuip of adrenal hormones to capillary permeability in infusion experiments 1n adrena
lectormzed dogs Turmuing to immunity and allergy Rich et al (1950) produced
cardiovascular lestons in rabbits by protracted anaphylactic reactions these changes
could be inhibited by cortisone and corticotrophin  Ebert and Wissler (1951) using
the rabbit ear chamber techmque found that cortisone produced a marked reduction
in the degree of vascular damage caused by serum sickness  Vascular tone was better
maintained the endothelium retained 1ts normal appearance and swelling was sup-
pressed  Duke Elder and Ashton (1951) reviewng the Iterature and more recent
work on this subject 1n the eye noted that while no effect on the permeabulity of normal
capillaries had been observed the d per h 1$tiC O
was signtficantly lessened by cortisone and the exudative phenomena intsbited m
conditions unassoctated with allergic states It seems clear on the existing evidence
that 1t 1s inflammation and not the allergic state which 1s essentrally affected by steroid
therapy

Robson and keele (1956) pomnted out that cortisone does not act as an antihistamne
1n that 1t does not produce 1ts action by preventing the effect of one of the end products
of the antigen Antibody reaction  Corticotrophin does not influence the development
of bronchospasm nduced by histamine 1n guinea pigs (Friedlacnder and Fried
laender 1950) nor according 10 Herschfus ef ol (1950) in asthmatic patients

There 1s considerable evidence that steroid therapy does not mhibit anaphylaxis
1 the few experiments 1n which acute anaphyl. was I (Nelson
etal 1950 Hoene 1952) large doses of hormone were used and the assumption was
that a block 1n tissue responsiveness was effected rather than an inhibition of antigen
antibody union  There 1s also evidence that mtense adrenocortical stimulation does
not significantly alter the ability of tissues to release hustamine like substances nor
does 1t prevent them either to these or to itself (Grob
et al 1952) It seems unlikely therefore that the effectiveness of steroid therapy 1
allergic states 1s related to any effect on these particular mechanisms

Effect upon local allergic phenomena

The effect of cortisone and corticotrophin upon local allergic phenomena has also
been intensively investigated  In the past the tuberculin reaction has been inhitnted by
comparatively large doses of these hormones and it seems that the Schwartzman
phenomenon may also be blocked These effects appear to depend essentially on
Interference with some phase of tissue reactivity  Recently interesting work 10 this
respect has been reported by Citron and Scadding (1957) They mnjected cortisone
acetate locally with the tuberculin used for the intradermal test and found that
active pulmonary tuberculosis and 1n subjects of high tuberculin sensitivity cortisone
greatly tnhibited the reaction but the inhibitory effect lessened progressively with
dimimishing tuberculin sensitivity untd i subjects of low tuberculin sensitvity there
was no inhibitory effect at all In healthy tuberculin insensitive subjects cortisone and

tuberctlin caused no reaction but in tuberculous subyects whose skin had been rendered
with lin cortisone and fuberculin

1
to t

produced reactions 1n 70 per cent Similarly 1 patients with sarcordosis msensitive

to tuberculin cortisone and tuberculin produced reactions in 50 per cent They

an

cortisone has two specific effects upon the tuberculin reactron

suggested that
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antt mflammatory effect which tends to dimmush the reaction andatuberculin retaining
effect which tends to enhanceit  In subjects of very Jow tuberculin sensitivity the antt
effect 1s sub to the retamning effect and this makes
possible the detection of a degree of tuberculin sensitivity too low to be detected by
tuberculin alone
There 15 evidence that antibody synthesis may be by hin or
cortisone but the depression 1s shight and occurs only when very large amounts of
hormone are given  The clinical efficacy of cortisone probably bears little relation
to antibody 1nhibition except tn certain special disorders such as acquired haemolytic
anaemia

In summary 1t seems that corticotrophin and cortisone produce their ameltorating
effects 1n allergic disorders by mfubition of the inflammatory tissue response rather
than by any effect on antigen or antibody or both  The therapeutic response 1s
simifar therefore to that in the treatment of inflammatory disorders not based on
hypersensitivity  As Thorn et al (1953) stated In all likehhood the common
factor 1 the muluple actions of cortisone and corticotrophin on the bodily
mechamsms of defence 15 a modification of the reactivity of mesenchymal tissue

CHOICE OF PREPARATION

The relative ment of different prepamuons 15 partly a ma!ler of mdividuat
experience  Certain allergic may be d by di to
bruise  Should there be a platelet or some other defect 10 the clomng process
mntramuscular therapy may cause painful haematomas so that in such cases oral
preparations are preferable Corticotrophin occastonally produces allergic tissue
reactions and rarely a more general allergic reaction  Some patients respond
more satisfactorily to one substance than to another and the clincian must decide
1 the mdividual case which drug to prescribe  For shott term therapy cortico
trophin 1s useful and may often be preferred as it usually produces quick and effec
tive relief from distressing symptoms  There 1s now considerably less variation i
the efficrency of different batches of cotticotrophin though vartation still occurs
‘With cortisone and 1ts analogues vaniation 1s not found Treatment however for
more than a few days may produce temporary adrenal hypoplasia though this has
perhaps been somewhat over emphasized 1n the past

DOSAGE
In the acute self terminating episode of an allergic disorder so severe as to
carry a nisk to life the dose to use 1s the dose which works  Higher dosage than
that usually given 15 permussible 1f 1n all probability therapy will be reduced
drastically within a few days up to 100 milligrams (or even more) a day of cortico
trophuin given muamuscul:n]y m dmded dosage or 200-300 mulligrams of cortt
sone or 40-60 of p or However even over
short periods of 2-3 days such hxgh dosage may produce sertous side effects such
as gastric haemorrhage or perforation  Only rarely 1s such high dosage necessary
and then only i the face of a very severe disorder carrymg a real risk to life
dosage may usually be reduced after 24-48 hours of such intenstve therapy Some
conditions may completely fail to respond to the usual dosage levels 1n which case
a high mtial dosage as above becomes necessary Unfortunately at  safe
177
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dosage Jevels—100 mulligrams or less of cortisone, 80 muligrams or less of hydro
cortisone 20 mill or less of pred or prednisolone or 40 mull or
less of corticotrophin a day—the therapeutic effect 1s often nadequate

In grave emergency hydrocortisane (free alcohol) or corticotrophin may be
gwven by intravenous infusion though thus 1s rarely necessary for the action of
cortisone hydrocortisone prednisone or prednisolone by mouth 1s rapid enough
for the ordinary case Corticotrophin may be given ntramuscularly every 14
hours for the first few injections  this method of attack brings most acute allergic
conditions under control farrly rapidly and dosage may then be contmued once or
twice a day using the long acting gel

STEROID THERAPY IN MINOR ALLERGIC DISORDERS

Corticotroptun and cortisone ot one of 1ts analogues are effective and useful
substances in the treatment of munor allergic reactions but 1t may well be asked if
1118 really necessary to use them for stch conditions  The answer s 1n the negatne
if very high doses are required but perhaps the reverse 1f unpleasant symptoms
can be relieved by small doses and without side effects

Hay fever
It has been reported that b with hy produces
greater relief 1n patients with hay fever than hyposensitization alone  Schwartz ef al
(1952) gave 100 milligrams of cortisone 1 divided doses daily dunng the beight
of the hay fever season with success most chnictans today would consider this
dosage excessive If contnued for more than a week or two Recently Friedlaender
(1956) submutted the report on new drugs of the Commuttee of the Research Counctl of
the American Academy of Allergy Over the period 1955-1956 110 patients with hay
fever were treated with pred and [11 with prednisol With results
were excellent in 55 (50 per cent) good 1n 35 (31 8 per cent) fair in 5 (4 5 per cent) and
poor 1 15 (13 65 per cent)  Similar results were obtained with predmisolone 16
patients received both drugs interchangeably the results being equal in 14 Good as
these results are 1t 15 to be noted that the datly dose needed to suppress symptoms i
responstve subjects was between 5 and 140 miligrams It averaged 45 8 milirgrams
daily for and 41 1 mll, for if The tune necessary tg
effect suppression was from 4 to 168 hours averaging 40 2 hours for predmisone an
33 5 hours for predmisolone  Mmmmum daily doses to maintain suppression varsed
from 2 5 to 40 milligrams ~ Side effects occurred 1n 10 9 per cent of patients receving
predmsone and 1n § 4 per cent receving predmisolone  they meladed mcntiﬂlelmlj\a
tion gastro distress pamns dachi 7
urmary frequency polyuria and chest pam  Therapy had to be discontinued m
patients  Because of side effects some severe (for example reactivation of peptic ulcer
and gastro bleeding) the Ci stated It s felt therefore that trca]!
ment of hay fever with these newer as well as older steroids should be ltmuted only
ta thase severe cases that are unresponsive to desensitization or fail to achieve reliel
from the more conservative forms of symptomatic therapy ~ This seems sound advice

The general trend now 1s to reserve steroid therapy for mcapacitated patients
to stmpler They should be free of any of the accepted

conlr; indications and then should oniy be treated in  safe dosage after
perhaps 1-2 days of a higher imital dosage
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ALLERGIC SKIN CONDITIONS
ALLERGIC SKIN CONDITIONS

Angroneusotic oedema atopic dermatitis and some cases of drug alfergy may show
strikang yesponse to sterosd therapy but it must be understood that the cause
should always be found first and if possible chminated conventional methods
should not be overlooked Steroid therapy has been successful only 3 or 4 days
therapy being usually necessary 1n the pruntie and inflammatory stages of allergic
contact dermatitis as seen from hawr dyes pnmulas and ocal antiseptics and also
1 poison vy dermatitis where other methods have failed

Angronessotic oedemna (mant urticana)

ymp may be most uopk and frigh 1 hiscond particutarly
if sweliing of the tongue takes place and though 1t usuvally subsides wathm 2-14
days contral dunng thus penod s unportant

Pillsburg and Usbach (1954) giving a tong kst of skin disorders with ther reactions
to steraid therapy noted that results w angroneurotic oedema were satisfactory and that
1t was Justrfiable to use Such therapyw severe cases partieularly with the rnk of laryngeat
wrolvement  Muchell Heggs {1956) has observed that allergic skin reactions may
respond to although ble to antth and that may
render such ible to with lbock and
Brummond {3956) using an instial dose of 30 mulbgrams of prednssone followed by a
gradual reduction 1n dosage obtawed good results 1 all of 7 patients with urtscaria
Rem and Bodian {1956) obtamed simular resuits with a shghtly tagher dosage

It would seem therefore that in the opimion of mast workers thrs wapleasant

d can be effectinely tied 1n the majoraty of cases  if laryngeal
mvelvement occurs tugh dosage 18 indicated possibly by the intravesous route
until the acute symptoms come under control when dosage can be reduced
In all cases dosage should be reduced stepwise and withdrawn graduaily when 1
s considered that the altergic d has subsid, With rapid withd: t
if natugsl remussion has not occurred symptoms may reappear rapidly and
sometsmes 2lamungly  In some cases Urtiana may perssst for a considerable time
and f such cases cannot be controlled after one or two weeks exzept by large
amounts of steroid therapy dosage must be reduced gradually 1o safe levels and
withdrawn  In this condition too it must be emphasized that search must be
made for the allergen often a food or drug and this must be shmanated if found
before stererd therapy 1s withdrawn

Chrome vrticana

Ths conditton 15 1n the opinson of Pillsburg and Urbach much less amenable
to cortisone therapy  their results were 50 poor as {0 make such treatment hardly
worth white  They agree with Sulzberger €7 al (1951} that these urticariaf fesions
are not suppressed by cortisone to any sigmificant extent i most patents although
on discontinuing therapy the condition often worsened  Other forms of sterord
therapy may be tnied in resistant cases and otcastonally success has folfowed
treavment wath corticotrophus when cortisone has fmled

Atopre dermatits
Although this condition ocours m persons of allergic stock and starts commonly
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dosage levels—100 milligrams or less of cortisone 80 mulltgrams or less of hydro
cortisone 20 mulligrams or less of pred or predmisolone or 40 mill or
less of corticotrophin a day—the therapeutic effect 15 often 1nadequate

In grave emergency hydrocortisone (free alcohol) or corticotroplun may be
given by intravenous infusion though this 1s rarely necessary for the action of
cortisone hydrocortisone prednisone or predmisolone by mouth s rapid enough
for the ordinary case  Corticotrophin may be given tntramuscularly every 14
hours for the first few mjections  this method of attack brings most acute allergic
conditions under control fairly rapidly and dosage may then be continued once or
twice a day using the long acting gel

STEROID THERAPY IN MINOR ALLERGIC DISORDERS

Corticotrophun and cortisone or one of 1ts analogues are effective and useful
substances 1n the treatment of minor allergic reactions but 1t may well be asked i
1t 15 really necessary to use them for such conditions The answer 15 1n the negative
if very high doses are required but perhaps the reverse 1f unpleasant symptoms
can be relieved by small doses and without side effects

Hay fever

It has been reported that cortisone combined with hyposensitization produces
greater refief in patients with hay fever than hyposensitization alone Schwartz ef o/
(1952) gave 100 milligrams of cortisone 1 divided doses daily durmg the height
of the hay fever scason with success most chinicrans today would consider this
dosage excessive if continued for more than a week or two Recently Fredlaender
(1956) submutted the report on new drugs of the Commuttee of the Research Council of
the American Academy of Allergy  Over the pertod 1955-1956 110 patients with hay
fever were treated with pred, and 111 with 1 With pred rcsull;
were excellent in 55 (50 per cent) good in 35 (31 8 per cent) fairn 5 (4 5 per cent) 3"6
poor 1n 15 (13 65 per cent) Stmilar results were obtamned with prednisolone 1
patients reccived both drugs mnterchangeably the results being equal 1n 14 Good as
these results are 1t 15 to be noted that the daily dose needed to suppress symptoms i
responsive subjects was between 5 and 140 milligrams It averaged 45 8 mulhprams
daily for and 41 1 mull for ! The time necessary ‘g
effect suppression was from 4 to 168 hours averaging 40 2 hours for prednisone aﬂd
33 5 hours for prednisolone  Mimtmum daily doses to maintam suppression vark
from 2 § to 40 muihgrams  Side effects occurred 1n {0 9 per cent of patieats rcccr\’l{!g
prednisone and m § 4 per cent recewving predmisolone  they tncluded mental stxm\é 2.
tion gastro 1 distress pams h tachycart l:{]
unnary frequency polyuria and chest pan  Therapy had to be discontmued 1;1 ;
patients Because of side effects some severe (for example reactvation of peptic ul C:
and gastro bl the C stated It 1s felt thercfore that n'e:ll
ment of hay fever with these newer as well as older steroids should be hinuted D]“yf
to those severe cases that are unresponsive to desensttization or fail to achieve rele
from the more conservative forms of symptomatic therapy  This seerns sound advice

ted patients
The general trend now 1s to reserve sterord therapy for tncapacita
: to simpler ‘They should be free of any of the accepted

contra mdications and then should only be treated i safe dosage after
perhaps 1-2 days of a higher mitial dosage
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but 15 now seen with many rew therapeutic agents It 1s usually severe and 1t may
cccastonally prove fatat  After withdrawal of the offending agent therapy must be
energetic and the dose of sterond therapy to be gien is the dose which proves
effective  In cases of gold toxwrty treated with dunercaprot (BAL) sterowd therapy
can also be gnven for not only will st reduce the inflammatory features of the gold
intoxication but 1t may also damp down the occastonal side effects of dumercaprol

The length of the course of stercid therapy depends on the case and the nature of
the causative drug In the Medical Research Counal (1954) report sterosd
therapy was smd 10 control ot cure most cases of idiapathic exfolative dermatis
other than the vanety whuch follows psonaus

LOCAL THERAPY IN ALLERGIC DISORDERS

Hydrocortisone has been wadely used as a locally apphed ants inflammatory agent
1 dermatological disorders and cortisone and hydrocortisone in ocular conditrons
les of true atlergic w the eye are allergre conunctivitis and atropine
sensitization and in the skan locahzed contact dermatitis  Extensisely used as are
drops omtments and fotions and effectise as they are in reducing the unpleasant
mfiammatory features of many conditions 1n both ses warnings have been
repentedly given as to the dangers of snfection w the eye with nisk of corneal
perforation  As regards the skin Mutchell Heggs (1956) reported the effects of
topreal application of hydrocortisone as very vanable and frequently no better than
application of ssmple control owtments  In both sites there has 1n Great Butasn
1n the past year perhaps been an over optumsuc use of these substances as local
agents the future trend may well be tovwards a more critseal application  There
15 preat need for valued and controtled studies of these substances as tocal agents
both in dermatology and ophthatmology  Used critically and carefully the local
apphcation of hydrocortisone seems to have a real place 1n both spheres

ASTHMA

1t appears 1o be the effect of sterowd therapy on mflammatory tissue rather than
any bastc effect on antigen anttbedy reaction that produces the beneficial results
o acute asthwa  There have been accounts of acute attacks ocournng during
bronchoscopy (D Abreu 1940} 12 whick the mucosa was seen to swell up over the
end of the mstrument grasping 1t tightly and almost occluding the lumen of the
bronchus  This mucosal and sub swelling th h b hus and
bronchiote 1s the mawm obstructive element in acute asthma rather than any muscle

spasm Its reduction on steroid therapy with the opening up of the asrway
15 the reason for the marked relief of symptoms  The cause of the reaction w hether
altergie infective or psych makes kttle diffe as regards tissue response
to sterowd therapy for given a large enough dose response will usually occur
all types It ss of interest that where hay fever and asthma co eust the latter
usually responds better than the former

There are certam precavtions needed regarding ster
these are seif evident and have been cmph:f:ued %n th: ;;ntth P 19 3sthma bt
Selection of patients for therapy

‘The trend today 15 to gne sterord therapy 10 patients with severe status
181




ALLERGIC AND PARARHEUMATIC DISORDERS

1n 1nfancy as a most 1ntractable form of infantile eczema a remussion at the end
of the second year usually Iasts unpil adolescence when other alergic manifestations
such as hay fever or asthma arc apt to develop Response 1o steroid therapy 1§ often
rapid and dramatic symptoms and signs improving within 24-48 houes but care
ful treatment of the patient as a whole 1s all the more \ndtcated A return of itching
15 an eatly sign of relapse and an ndication that the dose 1s inadequate

Pillsburg and Urbach gave 200 mulligrams of cortisone daly for 4 davs and then
reduced the dose by 25 milligrams every 3-4 days untila level of 100 mulligrams datly
was reached  As this was often the catical dose reduction subseguently was by only
12 5 mulligeam decrements at a ime  Relapse raptdly set in with more rapud reduction
In at least haif their patients the eczema was satisfactonly controlled with a daly dose
of 25-75 milligrams  They did not aim at or attempt complete suppression of the con
ditign  Prolonged therapy they noted was often mecessary

Osler’s (Henoch Schonlemn) purpura (; phylactic (allergic) purpura)

There s relatnely little 1 the literature regarding sterotd therapy in this disorder
(Stefanint et of 1950 Wooley 1952 and Rhugelmass 1951) but it seemns well
worth a tral 1n severe cases not responding fo other measures

Drug, reaction

In cases of suspected drug reaction all drugs should 1f possible be drscontinued
unless there 1s clear evidence that only one1s responsible  The distinction must be
made between simple hypersensitivity where a patient reacts excessively to a given
dose of a drug without betng allergic to it and a true allergic reactton where
previous expostre to a drug has sensitized the patient irrespective of the dose
The true allergic response may occur as skin reactions of various fands blood
changes (for example agranulocytosts and thrombocytopema) ©f asthma of
alimentary upset but the skin 15 the commonest sile  One of the cormonest drug
alfergies 15 the pemicillin reaction but reactions to streptomycifi sulpha drugs
1odine and a host of other substances also occur  Serum sickness 1S still seen not
infrequently Now that long acting forms of pencllin and other drugs 3¢ used
1t has to be temembered that 1f allergie reactions occur they may persist for somé
ume because of persistence of the allergen n the patient s ussues at (he sité
of injection  This has to be taken 1nto consideration in treatment The pemcillin
reaction may be taken as the best example of true drug allergy Sensitized by 2
previous course of therapy the patient may tmmediately react to further admints
trafion commonly with urticartia ‘but also with a variety of skin reactions ncluding
exfoliative dermatitis or angionéurotte oedema

Harvey {1954) noted 10 such cases rapid tmprovement withn 2 hours of gving 8

farge dose of cortisoné He advised an imtial dose of 100 mtligrams. followed by 3

milligrams 4 hourly for 6 doses then 25-50 mithigrams 6-houtly for a further :1 do es

In very severe condiyions he shortened the mterval between 1nitial doses to 2 hours

Cor n Pl orp: lone can be used simiarly m approprate d0sage

Fxfolatue dermatitis
Thus wnflammation 1s 1o
was not uncommon sorne year:

t infrequently a mamfestation of drug ntolerance 1t
s ago as a comphication of gold or arsenical therapy
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THE PARARHEUMATIC DISORDERS

The actiology of these diseases remams unknown  Hypersensitivity 15 beheved to
play a part n at least some cases of polyarfentis and cerfain workers have
constdered that systemuc Jupus eryth 15 due to hy ytob \!
products or other agents (Stakes 1932 Rich 1946 Mortensen and Gormsen

1952) Talbott and Ferrandis (1956) found an impressive ineidence of
sensitivity to drugs vacemes and sera in these cases but considered that convincing
proof had not been forthcommg  Other warkers had not found such evidence and
held cantrary views (Bachr and Levitt 195t Baggenstoss 1952) The fact that
hydrazine ophthalazine 1s capable of causing a Iupus Iike disorder with the Har

graves cell occasionally present 1s now well recognized  Whatever the truth of
this matter the so called collagen disorders are constdered here in the hght of their
1

P to cor plun and cortisone and ts analogues
Systemuc (d d) lupus erythi
Systemrc lupus erythematosus may appear in 2 vanety of disguises occastonally
t th d arthritis T fever bactemal endocardiis or a

blood dyscrasia e any form 1t 15 2 serious and frequently incapacrtating disorder
and for this reason steroid therapy 1s approved for sts treatment  The disorder
Iike all so called collagen diseases may wax and wane relapse and remut  time
afone will show whether expectation of life 1s pralonged by cortisone and cortico

troplun  There 1s no doubt of the efficacy of symptomatic control by these agents
and that 1n most cases they make hife agam hivable  Patients with systermic lupus
erythematosus used commonly to die of intercurrent infection and occasionally
of renal insufficiency  The poation 1s now reversed  The steroid treated patent
no~ commonly des of hus renal condrtion over which such therapy has no control

Sy lupus erytt though ul 1y fatal may last for many years

Ben Ascher (1951) for mstance reported the case of one patient who survived over
23 years though thus was before the diagnostic Hargraves cell had been discovered

According to Jessar ef al {1953) 80 per cent of patients die within § years of the
onset of symptoms  Before steroid therapy became available death withun one
year was not uncommon Dubats (1956) found the median duration of Itfe of
59 untreated or madequately treated patients was 24 months but m 138 patients
adequately treated less than 10 per cent had died in the same perrod  Although
more proofisneeded 1t seems likely that sterord therapy has smaproved the prognosis
m ths sertous condihion

Treatment

In the treatment of d d lupus eryth the do.~ and type of drug
used must depend on the individual case the aum being to effect adequate suppres
ston of the symptoms Al cases need careful superviston for intercurrent mfections
can oeeur i suppressed form with fever which could be musinterpreted as a sign
of relapse of the lupus  The Hargraves (LE) cell though it may become reduced
wm numbers does not always disappear on treatment  The whte cell count usually
remains low  Over dosage side-effects may be inevitable for the effective suppres
stve dose 1 often over 75 milligrams of cortisone datly  In patients with cardiac
d p pred or predmisol are preferred as having less salt
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asthmaticus when all orthodox lud of phyll
and adrenaline have faled or when the patient 15 known to be adrenaline 2nd
amnophylline reststant  Such treatment 1s given to cover the period of emergency
of the acute episode and 1t 1s gradually d d sub ly when the
attack has substded  Continuous day to day therapy for chrome asthma 1s much
less popular in Great Britam and only used in exceptional cases There 1s the
real risk of superadded infection at high dose levels and not all such nfections
are sensttive to the therapeutic agents at present avatlable These cases are by no
means uncommon and though long term antibiotic treatment may be gnen
parallel with long term steroid therapy such patients need very close watching
and may be difficult to control Continuous corticotrophin therapy carnes the
disadvantage of daily injections and West (1956) 1n similar long term studies 1
rheumatord arthritis found allergic reactions wath failure to respond further to
the particular preparation of corticotrophin not uncommon In severe status
asthmaticus not based on bacternal infection short term treatment of the
adrenaline ammnophylline resistant patient remains useful and 1s orthodox therapy
m sustably selected cases (Pearson 1955) If effective antibiotic therapy 1s available
concurrent 1nf 15 not an absolute contra nd
Davies and Williams (1955) reported results of steroid therapy 10 44 chrontc asthmatics
and 6 chronic bronchitics  In the asthmatics 87 5 per cent of 57 courses of therapy gave
good results the temporary relief afforded lasting on an average 30 days continuous
therapy in these severely was y i half the cases
The period of remission after such courses varied from 1 to 240 days and 43 per cent
had remission for over 3 weeks Long periods of freedom from attacks after courses
of therapy 1s likely to be due to natural remisston (Savidge and Brockbank 1934
Ball (1954) 1 2 blind controlled trial found § out of 6 cases of chromic asthma modified
or much improved by corticotrophm In only 2 of 7 cascs given an inert control
substance was improvement seen  Felix Davies and Westlake (1956) on the other
hand found no evidence of any beneficial effect 1n a controlled study of 24 cases of
chronic bronchitts 1 exacerbation every other case receiving 60 milligrams cortico
trophin gel daily 1n addition to antibiotic therapy It should be mentioned that Foulds
et al (1955) and Herxheimer and McAllen (1956) have reported some success i
treating cases of asthma and nasal allergy with nhalations of hydrocortisone powder

Dosage

For treatment of the acute prostrating case of status asthmaticus the correct dose
of cortisone corticotrophin predmsone or prednisolone 15 the one which works
(Hart 1953) In some cases reported as resistant to therapy 1t seems Nikely that
dosage was madequate  Ina cnisis dosage may have to be stepped up considerably
above the usual level before therapeutic response occurs then reductiontoa  safer
dosage level may be made In most severe cases 100 milligrams intramuscularly
daily of corticotrophin  200-300 mulligrams of cortisone or 40-60 mulligrams of
predmsone or prednisolone by mouth 1n divided dosage will prove a satisfactory
Initial dose then dosapge may be reduced gradually as the condition comes under
control In very severe cases initial dosage may have to be pushed even higher
Rose (1954) has observed that 1t seems fairly certamn that the duration of treatment
and total dose of sterord given bear no direct relation to the length of rcmlsswlr;
produced The treatment 1s entirely suppressive and the duration of effect wi
depend essentially on the state of the underlyng clintcal condition
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not uncommonly oceur shortly before the symptems and signs of polyartenttis
Whatever the truth about hypersensiivity there ts no doubt that steroud therapy
suppresses the inflammatory features and 1s an essential form of treatment

Dragnosis

The symptoms are general and local  fever and systemic upset may be unaccom
pamied by localtzing sigas for some months though the fatter usually ocour later
They may be neurofogmeal cardiovascular renal or gastro mtestinal  Like systermc
tupus erythematosus polyarteritis 1s frequently misdiagnosed commonly as rheu
matord arthritis or rheumatic fever  The mmportance of accurate dsagnosis 1s
obvious  One should always be susprcious of a case of  rheumatowd arthntss
1f there are visceral or Major sysk upset with high fever

Treatment

Wihlst 1t 1s an essenttal principle to make an accurate diagnosis before starting
therapy 1t 15 a fact that 1n polyartentis one 1s often nat able to do so in the earhier
stages of the condition  On two with 2 pr di of poly
arterihis the author has held fus hand and awaited more defimte proof enly to
see the pauent develop rapidly a fatal malignant hypertension  One now prefers
to wmstiute treatment i such cases rather than run the nisk of rapid fatal pro
gression even though the diagnoss may only be provistonal and unconfirmed by
biopsy

Steroid therapy will usually control the symptoms of polyartentis  In the early
stages of treatment suppression of fever and increase th appetite are often dramatic
No one particular form of steroud therapy is to be preferred 1 each case the
decision must be made o Hs ments because not all cases respond  Relapse can
aceur on lowering the dose 100 rapidly - Renalimvolvement can develop on therapy
as 1t does without treatment

Cranal artentes

U P d by the P seen m polyarteris and
occurring m an older age group the mamn danger with this conditson hes 1n its
producing blindness  Steroud therapy 55 uscful and eases the severe temporat
headache and other symptoms but wil not 1n the wsual dosage with certainty
prevent amaurosis  Nevertheless unless there are clear contra ndications it

should be used where symptoms are severe and prostrating and uncontrolled by
strapler measeres

Scleroderma and dermatomyosihis

In these disorders sterord therapy does no more than produce pattiaf relief of
symptoms  There 15 no evidence that it can induce remussion or effectuvely alter
the naturat course of the disease  Zion ez af {1955) 1n 4 study of 14 patients treated
with cortisone or corticotrophun obtaimed their best results 1 early cases of less
than 6 months standing and 1n whom there was no peripheral vascylar disturbance
Nine patients ob d only shight smp Nevertheless sterond therapy
often does produce suffi reliel from to make 1t worth
while  Appetite incveases fever lessens or disappears the patient feels more supple
and better 1 health and usually asks for the treatment 1o continue
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1 action  If p lessen dosage can be reduced accordmgly and if
complete remission occurs the drug may be gradually withdrawn Wit the present
range of effective antibtotics co exestent bactenial nfection even tuberculous s
no longer an absolute contra indication to steroid treatment Indeed according
to Talbott and Ferrandis {1956) 1t has been noted repeatedly that antibiotics m
the combined disease are ineffective unless steroids are given concurrently
Pulmonary tuberculosis (Johnson and Davey 1955) and pneumococe] septicaema
(Hart  1955) have been controlled without discontinuing corticotrophin and
cortisone therapy 1n a severe case sterowd therapy should never be withdrann
unless ntercurcent infection cannot be controlled without so domg  Sterod
therapy does not prevent renal mvolvement in systemic lupus erythematosus but
Dubors ez al (1952) reported restoration of function in selected patients with
disappearance of proteinuria and mitrogen retention  Usually however renal
mvolvement advances relentlessly in spite of adequate symptomatic control
by steroid therapy 1In 2 recent study of 10 patients treated with predmisone or
prednisolone Bollet Segal and Bumm (1955) noted that renal abnormalities
protemunia haemstuna cyhndruna and azotaemia improved only i those
cases 1n which they had increased or appeared during an acute exacerbation of the
disease which was usually accompanied by fever and dehvdration  Sersous renal
disease was not snfluenced by the drugs and 2 of therr patients died m uraemia

Occurrence of epileptiform seizures

Epileptiform fits and mental derangement may occur as part of the disorder
¥ they occur on sterond therapy they are probably unrelated to 1t Indeed Russell
Haserick and Zucker (1951) observed a definite reductton in epileptiform seizures
duting steroid therapy

Polyartenitis (peniarteritis) nodosa
Polyartentis 15 a disease with many and vanied chimcal manifestations caused
Ily by widespread infl >ry changes 1n the walls of the small arteries
and artenoles though the veins and capillaries may also be affected  In the opinion
of many the results of sterord therapy 1n ths condition are as good as 1f pot better
than those 1n most of the other collagen disorders

H) persensitiyity

Since the early recorded cases of polyarteritts hypersensttivity has often appeared
to play a part  Gruber (1925) in a review concluded that the tissue changes repre
sented @ generalized body response which was most probably associated with
hypersensitivity  Kline and Young (1935) and many others since have associated
this chsorder with allergy and a vanety of substances have been indicted as causa
tive antigens the sulphonamides 1n particular  The subject has been well reviewed
by Talbott and Ferrandis (1956) who pointed out that there 1s httle real evidence
of a causal refationshup 10 many of the cases quoted though they consider anti
brotics the exception  they state that the mass of evidence concermmng antibioties
and the madence of polyarteritis m human beings appears to support a hyper
sensitivity pathogenesis In reviewing the records i the hiterature of 395 cases
Boyd (1950) noted that an acute infection had often appeared early in the course
of the disease others have commented that acute upper respiratory infections
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DEVELOPMENT OF THE MAMMARY GLAND

stretching the pelts to a different degrec prior to fixation or with a different ume of
fixation may obtain shghtly different results

Tt 1s clear from these Tesults that the ovary 1s necessary for the induction of the
allometric phase but the mechamism mnvolved and the reason why allometnic
mammary growth begins when 1t does 15 not yet fully understood  In this connec
tion Silver (1953b) found that the mammae of suckling rats were unresponsive to
oestrogen administration between the eleventh and mneteenth days unless a crude
extract of ox anterior pituitary was admimstered at the same time  Apparently
the pitwitary synergism necessary for complete mammary growth was Jacking 1n
these young rats It 15 possible that the pituitary was not sufficiently mature or
that the synergistic hormones were mnhibited by some factor 1n the maternal milk
A milk borne inhbitor seems unhkely since Flux (1954a) found that weamng at
15 1nstead of the normal 21 days did not affect the relative growth rate of the
mammae of mice However he also found the mouse to be different to the rat
for whilst its mammae were unresponstve to oestrogen between the tenth and
fifteenth days of life (though oestrogen and pituttary extract together were effective)
they responded to oestrogen at the fifteenth day

EXPERIMENTALLY INDUCED GROWTH
Osanan hormones and mammary growth
In ammals

Many researches have established the primacy of endocrine factors in the control
of mammary growth and the conclusions from earlier work have been that
whilst treatment with oestrogen could evake full duct development such treatment
1N many species was ble of causing develop of a normal lobule alveolar
system For full alveolar devel bined with oestrogen and
progesterone was necessary 1n many species  However there are species differences
in the mammary response to these ovarian hormones In fact expenimental
animals can be placed in three broad categonies (1) where oestrogen alone 1n
p 1 1 doses induces relatively little alveolar growth as in the mouse rat
and rabbit (2) where without progesterone 1t causes extensive lobule alveolar
growth (that 1s 1 y devel ) asin the monkey puinea pig
cow and goat and (3) where 1n the absence of progesterone 1t induces onlv slight
growth of the mammary duct system as in the dog (see review of literature
Mayer and klein 1948 Folley 1952a)

Rat response to oestrogen —In the first of these categonies some indication af
the levels of which give y growth 1n the rat was
obtamned by Stiver (1953a) who was able to mume the normal relative rate of
mammary duct growth by myection of 0 1 microgram of oestradiol diproprionate
ou alternate days from the twenty fiest day of ke (40 gramtme rat) and then
increasing the dose stepwise with the body weight She also demonstrated that
folic acid 1s probably concerned with the growth response of mammary ducts to

oestrogen since the folic acid 1 d d the relative growth
rate 1n response to myected oestrogen (Siver 1954)
Later Srmuth (1955) studying the of diol 178and

progesterone on mammary growth in the immature ovariectomized rat found that
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CHAPTER 16

HORMONAL FACTORS IN BREAST DEVELOPMENT
AND MILK SECRETION

J S TiNpaL anp Mary L McNaucHT

DEVELOPMENT OF THE MAMMARY GLAND
NorMmaL GROWTH

UNTIL comparatively recently work on experimental induction of mammary growth
had 1nvolved mamly quahtative and subjective techniques (see review by Folley
1952a) Lately more interest has been shown wn quantitative and objectine
methods Tt has been the general belef that the mammary gland 1f 1t grows at
all grows only shightly unul puberty but quantitative studies on the rate of
ncrease 1n mammary gland area in relation to the rate of enlargement of the body
surface as a whole show that this at any rate 1s not the case 1n the rat and mouse
(see below) or as has been known for some ttme in the monkey (Folley
Guthkelch and Zuckerman 1939) These studies have provided new wnformation
about the time relationshups of y devel

Cowie (1949) found that 1n the female hooded Norway rat the total mammary
area increased 1sometrically (that 1s at the same rate as the body surface) from
birth until about the twenty first day when 1f the ovartes were mntact a phase of
positive allometric growth (thit1s a higher rate of growth than the body surface)
set m (@ =30)* In ammals ovariectormzed at the twenty first day 1sometric
growth (2 = 1 0) continued  Silver (19532) confirmed these results later and also
found that ovaniectomy on the tenth day of hife was followed by a phase of allo
metric growth (a = 1 45) This muight be due to the actron of mammogeme
steroids secreted by an adrenal cortex over stimulated by a prturtary released from
ovanan restramnt  Flux (1954a) studied the change over from 1sometnic to allo
metric mammary area 1ncrease in mice (Strong s CHI strain) with similar results
except that for the allometric phase beginnmg at about the twenty fourth day
a =252 This indicates that in the CHI mouse the mammary duct system grows
much faster in relation to the body surface than it does 1n the hooded Norway rat
In the latter the onset of the allometric phase precedes vaginal opeming and the
imtiation of ocestrous cycles by a good many days that 1s not so i the CHI
mouse 1n which oestrous cycles begm at about the twenty eighth day only a few
days after the start of the allometric phase of mammary growth

When considering these experiments on allometnic growth n rats and mice 1t must
be noted that this work was carried out In our laboratory and under our condttions
Workers 1n other laboratories employing shghily different methods for example

* & denotes the constant of allometry or equilibrium constant  For termunology of relative
growth and other information see Huxley and Teissier (1936)
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daily for 150days Thealveoh are untform and compact  (2)0 079 mulligram hexoestrol
daily for 140 days  The field contains only a few scattered alveolr  (3) 0 025 muligram
hevoestro! datly for 140 days  Note the extreme cystic condition of the alveoli  (4)
0 25 milbigram hexoestrol for 140 days The field shows two adjacent lobules one con

sisung of cystic alveolt and the other of alveol of neatly normal size  (From Benson

Cowie Cox Flux and Folley 1955 by courtesy of the Editor J Endocrin)
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oestrogen by atself stimulates not only duct but also lobule alveolar growth
Progesterone alone was without effect but 1t potentiated the action of oestrogen
on the lobule alveolar system The degree of potentiation was drrectly related to
the dosage of the steroids concurrent administration was necessary for synergism
to occur  Smith considered that doses of 1 0 microgram of oestradiol and 3-5
milligrams of progesterone (a ratio of 1 30005000 by weight) were near
optimum

Kirkham and Turner (1954) also found the oestrogen progesterone ratio for optimal
mammary growth in the spayed rat to be I 5000 In the spayed mouse a daly dose
of 0 01 microgram of oestrone doubled the total mammary area over that of spayed
controls (Flux 1954a) but higher doses (0 055 microgram daily) were required to attam
the total mammary areas of comparable intact mice Gardner er @l (1935) 1n the
mouse noted stunted duct systems from with this
has since been found too in the rat rabbit and monkey (see Folley 1952a) Recently
Yamamoto and Turner (1956) by usmg both subjective and obyective methods wn the
rabbit have obtained an optimal oestrogen  progesterone ratto for mammary growth
of 1 67 (byweight) Thisindicates that the synergistic ratio of oestrogen progesterone
in the rabbit differs from the higher ratios as observed by other workers 1n the mouse
(Elliott and Turner 1953) rat (Kirkham and Turner 1954) and dog (Trentin et al
1952) Earlter work nd d that could cause mammary growth
i the guinea pig but Benson ef al (1957) with quantitative methods found that

d with gave the best mammary development 1n this
spectes  The optimal oestrogen progesterone ratio lay between 1 20 and 1 100
In thts spectes the necessity for progesterone was 1lso noted by Smuth and Ruchterich
{1956)

Oestrogen and the rumnants —Into the second category fall the rummants of
eronomuc importance 1 which oestrogen alone induces not only duct growth but
also considerable lobule alveolar development  Using special techmques (devised
by K C Ruchardson) for quantitative study of the structure of the goat udder
Cowie et al (1952) showed that 1n spayed virgin goats udders grown by hevoestrol
alone exhibited a variety of histological abnormalities some of wlich had been
described first by Mixner and Turner (1943) Of these probably the most stg
mificant functionally was a deficiency 1n the total alveolar surface area

Benson ez al (1955) 1n confirmation of their earlier work (Cowte ef al 1952) showed
that the hi d found 1n glands developed with relatively
Tigh oestrogen dosage and also to some extent with progesterone and high oestrogen
dosage for example cystic alveol: papillomatous epithelial outgrowths and immature
lobules did not occur when oestrogen at a lower dose level and progesterone were
given (0 S h 1 and 70 mull daily for 150 days
that1s 1 140 by weight) The alveolar tissue was of faily uniform porosity (the
mndex of porosity being defined as the alveolar surface area per umt yotume of tissue)
and the total alveolar surface areas of half udders removed from these experimental
goats at the peak of lactation gave a high correlation with the milk yields of the half

udders

In man
No detatled study has been carried out of the relative
P one 1n human y d P Ith
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DEVELOPMENT OF THE MAMMARY GLAND

to induce the formation of alveoh and can also induce secretion following alveoius
formation {Mizuno et al 1955) The last named workers concluded that the
observed responses could be attributed to the action of prolactin alone

Adrenal cortex

Expetiments with adrenalectormzed animals have failed as yet, to ndicate
that the adrenals do play a part 1in devel but the
of adrenal steroids on the other hand has yrelded more positive results

Deoxycorticosterone acetate (DOCA) has been found to stimulate mammary
duct growth 10 male mice (van Heuverswyn et al  1939) 1a the monkey (Speert
1940) and 1n the gunea pig (Nelson ef al 1943} although negative results were
reported by other workers (see Folley 1952a for review) DOCA synergized
with oestrogen in causing mammary duct growth in spayed mice (CHI strain)
while DOCA given alone caused stunted duct growth in about half the mice to
which it was given (Flux 1954b)

As regards the 11 oxygenated corticords cortisone and cortisol inhibited
mammary duct growth in 1ntact and Oestrogen treated spayed mice (Flux 1954b)
but 1n contrast to these results Selye (1954a) showed that 1n female rats cortisone
and cortisol can both produce marked 'y gland devel and
n ad d ovar d ammals \| Iy treated with small
doses of oestradiol while 1f the adrenals were mtact ACTH was as effective as
cortisol (Selye 1954b)  Selye s findings have been confirmed for the intact female
rat by Johnson and Meites (1955)  Although these recults are extremely interesting
1t must be noted that 1n view of the previous reports on the lack of effect of adrenal
ectomy on y gland devel. therr ph )l 1 fi must at
present be regarded as not clear Since during  stress  excessive amounts of
cortisol and allied ghicocorticords are produced by the adrenals Selye (1954a)
suggested that perhaps  stress  canaffect the 'y gland through prod
of ds thus affording an expl for the 1 clinical case of breast
development after extensive skin burns or of the sudden induction of lactation by
acute exposure to  stress

Thyroid

There 1s 1o evidence that the secretions of the thyroid gland are essential for
mammary growth T has been convincingly demonstrated by Chen er of
(1955) who obtaned lobule alveolar Yy growth 1n hyp d
d 1 d 4 d rats whose thyroids had been ablated by
surgery or 8 or both and which recenved oestrone progesterane prolactin and
STH daily for | week Further injection of prolactin and STH plus cortisol for
1 week evoked an abundant secretion of milk

Other recent studies by vanious workers lead to the general concluston that 1n
the rat hypothyroidism leads to enh d devel, of alveoli and often but
not always of the duct system as well 1n response to oestrogen and progesterone
while the administration of thyroxine has the opposite effect In the mouse on
the other hand hypothyroidism seems to inhibit mammary devilopment while
mild hyperthyroidism stimulates st - As'Trentin er al (1948) suggested 1t 1s possible
that the explanation lies 1n the relative thyroid secretion rates 1n the two forms
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shown that breast enlargement can be evohed by percutaneous munction of natural
oestrogen This techmque however does not appear to have been much used
clinically and therapeutically 1 mammary under development Recently an
attempt has been made by Foss (1956) to mitiate lactanon 1n a castrated male
transvestist He was given an implant of 500 mulligrams of oestradiol and 10
months later a1 further 600 milligrams of oestradio! followed by datly njections
of oestradiol dipropionate and progesterone for 6 weeks Immediately alter with
drawal of this treatment 22 9 milligrams of profactin were injected daily for 3 days
but without effect  After a second month of treatment with oestradiol and pro
gesterone daily he was given combaned injections of prolactin and somatotrophin
for 4 days suction with a breast pump being employed 4 times daly On the
fourth and fifth days a few drops of colostrum were expressed from the right nipple
There 1s a possible application here of modern hormone knowledge to man and
further trials would be of interest

The anterior pituitary hormones

In recent years new hight has been thrown on the role of the anteriof pitunary
hormones 1n mammary gland development (Nelson 1951 1952 1954 Lyons
1951 Lyons er al 1953) There now appears to be no necessity for the mam
mogen theory (put forward by Mixner and Turner 1943 Trentin and Turner
1948 and criticized by Folley 1947a and 19521) as complete mammary develop
ment typical of late pregnancy can be d by gwing hypoph: d rats
oestrogen progesterone  prolactin adrenocorticotrophin (ACTH) and somato
traptun (STH) and by altering the hormonal treatment 1t has been possible to
obtain lactation by Anown hormomes The ACTH was guen to restore 10 @
semblance of normal the physiologtcal state of the hypophy sectomized ammal but
1t would appear that STH 1s important per se 1n mammary development (Lyons
etal 1955

In these :xpenmems the prolactin could be replaced by one 12 day rat placenta
daily suggesting tht in the later stages of pregnancy at least in the rat the placenta
can assume the role of the pituttary m secreting prolactin or a substance with the
same luteotrophic and mammogenic effects (Ray et al 1955) A similar feat of
productng pl y develop followed by lactation has been
achteved recently in the hypophysectormzed male rat (Lyous et al 1955)

The mammary growth promoting effects of oestrogen and progesterone in ntact
anmals are hubited after hypophysectomy (see Folley and Malpress 19482) butsf
1nsulin 1s administered together with oestrogen and progesterone t0 hypophysecto
mized rats the mammary gland becomes responsive to the action of ovarmn
hormones (Ahren and Jacobsohn 1956) This finding 18 1 harmony with the fact
that liberatson of msulin into the blood 1s reduced after hypophysectomy 11l rats
(Randle 19553) that STH and prolactin stimulate the responsiveness of 1{‘0
mampmary gland to ovarian hormones 1n the hypophysectonuzed rat (Lyons 195[)
and that STH and possibly also prolachn may enhance the secretion of msul 13
from the pancreatic islets (Mtlman et a/ 1951 Fod et al 1955 Lukens and
McCann 1955) It s also of interest that m the ovarectomtzed rabbit pretreate
with oestrogen 1f the duct system 1s rudimentary or only slightly develo]pc "
prolactin administered ntraductally seems to induce duct formatton whlc"lIs
glands with @ moderately developed duct system but no alveoli prolactin see
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mechanism  The dea that the mammary gland itself might become insensitive
to the action of prolactin has recently been nvestigated by Meites and Sgouns
(1953 1954) These workers showed that i gonadectomized rabbits after
mammary gland growth had been effected by admimstration of oestrogen and
p one of could be nduced by prolactin alone or
prot m with either ot p but not mn the
presence of both  Subsequently thev showed that if the dose of prolactin was
sufficientiv high ntuation of factation could take place in the presence of both
oestrogen and progesterone

These findings have led Meites to modsfy the onginal Meites Turner conception
of lactogenesis being brought about solelv by mcreased secretion of prolactn  In
a review of the situation Meites (1954) put forward the supgestion that Jactahon
does not occur 1n pregnancy not only because of fow concentrations of circulating
profactim but also because of the bined action of and p
sumulating growth of the mammary gland and making 1t refractory 10 profactm
stimutation  That pregnancy and lactation can co exist he attnibutes to the fact
that the protactin level m the bload of the lactating avmal 15 sufficiently high to
avercamy the ncreasng levels of oestragen and progesterone due to advancing
p The that the y gland under the influence of
oestrogen and progesteronie may play a positive role 1 intibiting lactation during
pregnancy does to some extent reconcile the Mertes Turner and the Nelson theories

Folley (19552 1956) has now put forward hus later views that (a) low circulating
Jevels ot aestrogen activate the lactogeme function of the antenor priwitary whife
hagher levels miutnt lactation as was postulated m the  double threshold  theory
of Folley and Mal 11948b) (b)1 doses of gen may be rend
mhibitory by swtable doses of progesterone this bemg the normal mhibitory
influence during pregnancy  (c) the fail in the ratio of progesterone  oestrogen at
partuntion removes the inhibion which 15 replaced by the positive  lactogemic
effect of acting pposed  E: 1 evid for these theories
has mainly been obtained m smail ammals and must be applied to other spectes
with care  Cowie et af (19521 however did note an antlactogeme effect of
progesterone 10 virgin goats treated with oestrogen to induee Jactation

How far do these observations fit \n with the known facts of human lactation?
In an mteresting article on abriormat lactation 1 women Foss and Short {1951y
review the hterature on galactorrhoea and attempt to explan the abnormalities
m terms of these current theories

Brachenustry of lactogenesis

Much interest has been taken int recent yeats 1 the mechamsms whereby hor
mones regulate the metabolism of tissues and pacticularly in the dramatic changes
brought about 1 mammary gland tssue at pacturition by the hormone influences
described above  Sutherland (1955) poimts out the difficulties in studying such
vegalatory mechamisms wn the intact animal since they are so mtegrated that when
a hormone 1mbatance 15 created it 1s difficult to say whether an effect 15 primary
or secondary  One turns therefore to i vitro experiments with hissue preparations
of various types but 1t ss first essential to know what changes oceur within the
gland mno
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in the normal rat 1t being somewhat above the optimum for mammary growth
while 1n the mouse the opposite 15 the case

INITIATION OF LACTATION
Hormonal control

A problem which has long intrigued endocrinologists ts that of the hormonal
mechanisms necessary to convert the mammary gland developed into a potenttal
secretory organ during pregnancy into an active secretory organ at parturition
for although some formation of milk may occur during pregnancy (see Folley
1952a) copious milk secretion does not normally take place unul after parturition

Since the discovery by Stricker and Grueter (1928) of the lactogenic effects of
anterior pitwtary extracts and the subsequent isolation of prolactin by Riddle
etal (1933) there has been much discussion as to whether this hormone 1s the only
one concerned 1n lactogenesis and how 1ts secretion 1s controlled  That prolactin
does have a direct effect on the Yy hel was d by the expert
ments of Lyons (1942) who showed that prolactin injected directly into the
galactophores of rabbits with prepared mammae evoked pronounced formation
of mulk 1n the lobules of the gland served by the injected galactophores These
experiments were later confirmed by Meites and Turner (1948) Mizuno ez al
(1955) and at the National Institute for Research in Dairymg by Bradley and
Clarke (1956) Since 1n these experiments the rabbits were not hypophysecto
mized the possibility of other anterior prtuitary hormones being involved cannot
be excluded Furthermore the fact that mnjection of punfied prolactin has failed
to imitiate lactatron 1n hypophysectomized animals whereas unfractionated anterior
prturtary extracts are effective has suggested to some workers that lactogenesis
results from the action of a complex of lactogemc hormones (see Folley and
Young 1941) Folley (1952b) however concedes that prolactmn 1s the imiting
factor in most experimental sttuations

Infubition of lactanon during pregnancy

Of recent years much speculation has occurred as to how the lactogenic effect
of prolactm 1s held m check dunng pregnancy Wnting on the subject n his
article on lactation in  Modern Trends m Obstetrics and Gynaccology ~ Folley
(1950) discussed the theory put forward by Metes and Turner (1942 1948) that
the mitiation of lactation at parturition was due to an increased output of prolactin
by the anterior pitwitary evoked by oestrogen a stimulus which could be inhubited
by progesterone  This was interpreted as an indication that during pregnancy
tactation in the fully developed gland was checked by the high levels of progesterone
n the blood which were keeping prolactin secretion at a mimmum  Earher
theortes such as those summarized by Nelson (1936) had assigned to oestrogen
the role of lactogenic mhibitor

Nelson (1954) reviewing the subject at the Symposium on Lactation held 1n
Montreal drew attention to the fact that he had oniginally (Nelson 1937) suggested
that the ] of worked 1n two ways (1) by suppressing
either production or release of prolactin and (2) by direct action on the mammary
gland, making 1t refractory to the stimulatory effect of prolactin ~ As a result of
later work (Nelson 1951 1952) this author now lays greater emphasis on the latter
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thus correlating with the changes in mitochondnal respiratory enzyme activity
which have been discussed The respiratory quotient (R Q) of the tissue rose
from below 1 during pregnancy to around 1 5 by mud lactation  These high R Q
values suggest fat synthests from the oxygen nch substrates glucose and acetate
added to the medium

Fic 6—Gas exhange of rat -
mammary gland shices during late £
pregnancy lactationandafterwean ¥
g The ponts at the ends of the e
dotted lines refer to groups of rats r

3
o

weaned at the twentieth day of
lactation RQ=QCO0,/QO; (Folley
and French (1949b) by courtesy of
the Editor Biochem J)

R 1
—20 24 6 810 121416 18 20 22
Tim aft ¢ p rey tion (day )

Further studies in which labelled substrates (*C glucose C acetate and *H acetate)
were added to the medium and measurement made of the activity of the fatty acrds
wolated from the shces at the end of the mcubation period showed that the high R Q
of lactating mammary gland slices was accompanied by incorporation of the carbon
of these labelled substrates into the fat  For rats glucose was necessary to promote
incorporation of acetate carbon but with sheep acetate alone could be utilized for fatty
acid synthests (Balman ef al  1954)

Asa consequence of therr high R Q  lactating mammary gland slices when meubated
n bicarbonate saline solution In equilibnium with carbondioxide oxygen gas phase
give nise to a steady 1ncrease In net pressure that 1s the composite respiration curve
(CRC) has 2 positwve slope  Under the same conditions shices of tissue from pregnant
animals show a CRC which s 1f anything slightly negative 1n slope

Since profactin has been shown to have a direct action on the mammary epithelium
in yno 1t seemed possible that cubation of mammary gland slices from a pregnant
ammal with prolctm 1 3itro right induce respiration charactenistic of lactating tissue
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Invno changes

The changes of activity in the various enzyme systems of the mammary gland during
the phases of y I and lution after weaming have been mvestigated
by several workers  In such studies one of the problems s to find a basis on which to
express activity owing to the fact that mammary gland tissue during these phases
contatns large and vaniable amounts of milk  Folley and Greenbaum (1947) m studying
argtnase and alkaline phosphatase 1n rats expressed their results on moist weight
corrected for milk content as estimated by the lactose content of the tissue  More
recently Goto and Ugamu (1952) repeated the work on alkaline phosphatase and
compared corrected moist weight with deoxynbonucler. acid (DNA) as 2 basis for
expressing reselts  Both laboratories found that when acuvity was expressed on a
cotrected moist werght basis alkaline phosphatase activity increased markedly duning
and early | nd d high during the remander of lactation

‘When DNA was used as the basts essentially the same changes were observed although
the differences were smaller Arginase activity tncreased only slightly duning pregnancy
and early lactation but rapidly thereafter until wearung when 1t decreased with even
greater rapidity  Greenbaum and Greenwood (1954) found a similar pattern for

4

changes n gl deh and gl aspartic activites
On the other hand 8 gl dase activity during decreased
during lactation and then d d during i Catheptic activity

was also studied and found to increase steadlly dunng pregnancy lactation and
involution Glock and McLean (1954) showed that 1n rats glucose 6 phosphate and
6-phospho gluconate dehydrogenases enzymes of the carbohydrate direct oxidattve
pathway increase rapidly from parturition until involution when there 1s a rapid fall
i acttvity  Moore and Nelson (1952) found that the activity of succinic dehydrogenase
and cytochrome oxidase 1n pregnant and lactating rabbits aind guinea prgs increased
prior to partuntion the being Iactation  dechming
sharply after weaming  The pattern of increases during late pregnancy and lactanon

and rapid decrease to resting levels after weaning found for glutanuc dehydrogenase

succinic dehyd and h oxidase hondrial y enzymes

suggests increase i mitochondnial size or number during late pregnancy and lactation

Anmcrease in number 1s also indicated by the electron micrograph studies of Howe eza!

(1956) showing that whereas the transition from the resting to the secretory phase
involved an approxuimately twofold mncrease in the average area of alveolar cell cyto

plasm the average number of mitochandria per umt area rematned constant That
the enzymic constitution of the mitochondria may also change has been suggested by
the work of Tuba er al (1955) showing that the cytochrome oxidase actevity per mg N

of mutochondrial preparations from lactating rat mammary glind tissue 1s twice that
of preparations from non lactating t15sue

In vitro experiments

As regards m vitro experiments with mammary tissue perfusion of the 1solated
Iactating udder (for review see Silver 1952) has been of value 1 nvestigating the
precursors for milk synthesis wathin the gland but not the effects of hormones on
the metabolism of the tissue  However Peeters ef al (1953) reported experiments
1n which mnsultn was added to the blood perfusing a cow udder The tissue slice
technque has been of value in investigating the phases of mammary metabolism
The work of Folley and French (19492 b 1950) with rats confirmed by Hoover
and Turner (1954) with rats and by Smuth (1956) with guinea pigs showed that
the oxygen uptake of surviving mammary gland slices increased sharply soon after
parturition remained high during lactation and then decreased rapidiy on weantng
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ingections of STH given 1n the prepartal period resulted 1 enhanced mulk yield
1n the subsequent lactation period 1s of especial interest  This work has been
repeated by Brumby (1956) and by Hutton (unpublished observations) both of
whom failed to confirm this carry over effect

Brumby however thinks that injections of STH earlier 1n pregnancy mught be worth
trying as some recent work of Flux (1957) indicates that STH and thyroxine may cause
1acreased mammary duct growth in hypophysectomized rmce

Attempts 1o detect an i wtro STH effect on lactating mammary gland shces
have been made by the present wrter (McNaught quoted by Folley 1955b)
These expetiments show that growth hormone added to the incubation mediem
causes small but demonstrable increases in RQ oxygen uptake and glucose
utilization an effect which mlghl well be mt:rpreled as galaclopoxenc It 1s
qualitatively similar to the d by msulin 1n ry
tissue (see below) Ottoway (1953) also found an i wtro subin hike effect when
rat diaphragm was incubated 1 the presence of growth hormone which he attre
‘buted to liberation of msulin from the tissue  For more detal the reader 15 referred
to the article by Folley (1955b) and the enswing discusston at the International
Symposium on Hypophyseal Growth Hormone Nature and Actions

Prolactin

Prolactin was shown by the early studies of Folley and Young (for reviews see
Young 1947 Folley and Young 1952) to have very hittle galactopoietic activity
a finding confirmed by other workers However 1n recent expertments with rats
hypophysectomized early in lactation Cowie (see review by Cowre and Folley
1955) has shown that although profactin alone has virtually no lactation mamtain
1ng effect prolactin plus ACTH has some replacement value suggesting that the
two hormones are components of an anterior pitustary galactopotetic complex
Balmain and Folley (1952) and Dr T R Bradley working in the same laboratory
on the i iitro effect of prolactin on mammary tissue slices from fully lactating
rats also detected very little effect whereas in early lactation before the gland 15
fully active considerable sumulatton was observed as already mentioned Recently
Read and Moore (1956) have observed rapid increases in Co A activity when pre
lactin 1s injected in ssfiinto eaﬂy lactating guinea pig mammary glands supgesting
that the 1nd of Yy activity 1n the m vitro experiments 1f
ndeed it 15 due to prolactin and not to a contaminant (see above) may have therr
counterpart i w0 There seems no doubt that prolactin does not have anv
dramatic effect on fully lactating mammary tissue i1 vitro

The 1dentification of growth hormone as the main galactopoietic factor of the
anterior pituitary does to some extent offer an explatation of the disappointing
results of the use of prolactin mthe of hy \! n partunent
women (a subject reviewed by Voss 1n 1941—see also Robinson 1947)

Adrenal cortex
The numerous studies by Cowse and others at the National Institute for Research
m Dmrymg (for review see Folley 1953) have clcarly demonstrated that n rats

after the of at parturition interferes
with subsequent lactation an effect which may be overcome by treatment with
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Balmain and Folley (1952) however found that the add:tion of punfied prolactin to
the incubation medium had no effect on the slope of the CRC of mammary gland
slices from pregnant rats whereas with tissue from rats 1n early lactation the slope of
the curve was increased  Working 1n the same laboratory Dr T R Bradley has
confirmed this of early . tissue with prol Further tigat
showed however that the concentration of prolactin required was high and that some
preparations of STH and ACTH gave a similar effect It seemed possible therefore
thata of the prol mught be ble and inacollabora
tive study (Bradley ef a/ 1954) intermedin was indrcated as a possible contaminant

It could of course be argued that f mammary gland tissue 1s rendered refractory
to prolactin i w10 by the action of oestrogen and progesterone 1t 1s not surprsing
that prolacttn added i vifro to tissue from a pregnant animal does not regularly give
aneffect Indeed, Sgouns and Meites (1953) have shown that homogenates of mammary
ussue taken from rats 4 days post partum inactivate prolactin 8 times faster than a
similar preparation of tissue from rats in mid pregnancy This finding they mterpret
as confirming their views that mammary gland 1s refractory to the action of profactin
durning pregnancy

MAINTENANCE OF LACTATION GALACTOPOIESIS

Studies on the st of dl (gal ) have been made
by many workers with the object of throwing light on the maintenance of lactation
as 1t seems likely that the hormonal mechamisms are closely related  Such studtes
were mitated 1 many cases with a view to increasing mulk production from
domestic ammals but they may also be of value 1 indiciting possible treatment of
hypogalactia 1n women

Somatotrophun

The early studies of Folley and Young with unfractionated extracts of anteriof
pituttary in which pronounced galactopoiesis 1n cows was observed suggested
that the galactopoietic activity was closely correlated with the diabetogenic activity
of the extracts (see Teviews by Young 1947 and Folley 1947b) Subsequent
studies have attributed the diabetogenic activity to STH (Cotes ef al 19490
Accordingly purtfied STH was tested as a galactopotetic agent in cows by smgle
ngection tests and shown to be active (Cotes e a/ 1949a) Confirmation of this
galactopoietic effect was provided by Donker and Petersen (1951 1952) Chung
et al (1953) Wrenn and Sykes (1953) Brumby and Hancock (1955) and Shaw ef
al (1955) for cows and Jordan and ShafThausen (1954) for sheep

Recently Mr J B Hutton (unpublished observation) working at the Natonal
Institute for Research m Darying found 2 Imear relationship between the
log of dose of STH from 6 25 to 200 milligrams given as stngle myections and milk

yield m cows

Brumby and Hancock (1955) and Chung (1955) demonstrated that the effect of
STH was not due to contamination by thyrotrophin (TSH)  Further they observed
galactoporetic effects 1n early lactavon and no temporary depression of expected
milk yield on cessation of treatment with STH further indications that thyroid
actine matersals differ from STH in their effect on the mammary gland  The
observation of Shaw (1955) (see also Chung 1955) working with twin heifers that
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Eundocrine pancreas

Since lactating mammary gland uses glucose both to provide energy and carbon
for synthesss of milk solids 1t was thought that msulin might affect Jactation
through 1ts control of the blood sugar and the various pathways of glucose
uthzation  As already mentioned lactating mammary gland slices from rats
actively synthesized fat from small molecules glucose or glucose plus acetate
but not from acetate alone (Folley and French 1950 Balmain es @/ 1954) The
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Ftg 7 —Effect of various concentrations of insulin on the
tesprratory metabolism of slices of rat mammary glands
{Balman Cox Folley and McNaught (1954) b courtesy of
the Editor J Endocrin’)

addition of nsulin to the mcubation medium very markedly increases the R Q
and glucose uptake of the tissue shices and experiments with 1sotopes show that
the rate of fat synthes:s 15 mncreased (Balmam et al 1952) Asa consequence of
the 1ncreased R Q the slope of the CRC ts increased an effect which has been
used 1n developing an 1 vitro bioassay for insulin (Balmam er af  1954) These
nsubn effects were observed with mammary gland slices from lactating rats but
not from rats 1n late pregnancy or after weaning

In this work an interesting species difference was also found  Whereas glucose alone
but not acetate alone was utihized for fat synthesis by rat mammary gland shices acetate
alone but not glucose alone was used by sheep udder slices (Folley and French 1950)
an interesting observation n view of the fict that in rummnants the blood sugar level
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cortisone and deoxycorticosterone  Later Cowse and Tindal (1955) compared
the abilsty of aldosterone cortisol 9« flucrohydrocortisone and 9« chlorohydro
cortisone to maintam lactation tn such rats and found that chlorohvdrocortisone
(100 mucrograms daily) gave virtually complete maintenance whereas 100 micro
grams fluorohydrocortisone 100 micrograms hydrocortisone or 50 micrograms
aldosterone were much less effective

Mammary gland tissee was taken from the ansmats at the end of this expenment and
the y actvity d in vitro (N gt blished) Tissue from the
chlorohydrocortisone treated animals showed similar respiratory activity to the sham
operated control group whereas that of the other groups was significantly Jower This
finding would seem to indicate that resprratory activity measured m vitro 15 2 faurly
reliable index of the functional activity of the gland m wno

The effect of chlorchydrocartisone and fluorohydrocortisone on the survnal
and growth of adrenalectomized rats was also studied by Llaurado (19552) He
found that the halogenated corticords were comparable to aldosterene acuvity
Liaurado (1955b) extended his stuches to determine whether these synthetc corh
coids would allow pregnancy and subsequent lactation to proceed normally 1
adrenalectomized rats  His experiments cleatly showed that chlorohydrocortisone
was effective 1n this respect  Unfortunately bt fl ydrocortisone was
available to complete the work

The effect of various adrenal steroids on lipogenesis 1n lactating mammary
giand shces has been studied by McNaught er al (1955) Antagonism was found
between nsulin on the one hand and deoxycorticosterone corticosteront and
cortisone on the other nsultn stmulating and the corticds mhibiting These
results 1ifustrate agan the metabohe antagomsm between insulin and the adrenal
corticords which i o 18 exp d by the diat action of msulin
and the diabetogenie action of the glucocorticords  The mhibition of activity of
mammary tissue by added steroids may to some extent explamn the finding of
Cotes et al (1949a) later confirmed by other workers that ACTH depresses the
mulk yield of cows

Thyrod

The well known galactoporetic effect of thyroid active matertals 1 farm ammals
fas been reviewed by Blaxter ef al (1949) Folley (1950) Blaxter (1952) and Leech
and Bailey (1953) ~ The search for the peripherally active thyrord compounds
(see Chapter 1) has brought to Iight several active substances of which truodo
thyronine has been tested for galactoporetic activity 1n cows {Bartlett ef al 1954)
and found to mcrease milk yield when injected subcutancously but not when given
orally so preciuding is use on the farm

Clinically the use of thyroid compounds n the treatment of hypogalactia int
women does not seem to have made much progress Robinson (1947) found some
ymprovement 1n women treated orally with { thyroxine and doed thyroid  Lelong
ef al (1950) and Giraud and Coignet (1953) admimistered jodoprotein orally and
found Inttle effect on mulk yield during the first 15 days of lactation but thereafter
a substantial 1ncrease ook place  Thus the treatment was useful 1 prolonging
secretion but of no value n treating primary hypogalactia
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factor) causing contraction of an effector mechamism 1n the mammary alveol
leading to increase m intramammary pressure shortly after the start of milking
or suckling which expels milk from the alveoli

The milk-ejection reflex 15 known to occur in a wide variety of species and probably
occurs throughout the Mammalia  Like all reflexes 1t can be conditioned the classical
example being in the cow i which 1t becomes conditioned to the auditory tactile and
visual stimul assoctated with the milking routine ‘Waller (1938) recorded an example of
conditioning 10 a lactating woman  Newton and Newton (19502 1951) considered
that this reflex was an important factor in successful buman lactation and that breast
engorgement was caused by retentton of milk m the alveolt due to the reflex failing
Isbister (1954) considered that in women the reflex was essential for successful lactatron
and that over 95 per cent of the women studied by her with established lactation
were consctous of the reflex  Like other conditioned reflexes it can be inhibited by
emotionally disturbing stimuli as has been shown experimentally in the cow by Ely and
Petersen (1941) and Whattlestone (1951) by Newton and Newton (1948) m woman
and by Cross (1955b) 1n the rabbit  Not only are disturbing sttmult and embarrassment
tighly undesirable 1n the lactating woman but the state of mind and general mental
approach of the mother to breast feeding 1s most important (Newton and Newton
1950b)

Evidence for the neuro endocrine nature of the nulk ejection reflex

There 15 considerable evidence that the termmal link 1n the milk ejection reflex
involves the action of oxytocn At the National Institute for Research tn Dary
ing Macaulay (aited by Folley 1952b) carried out expeniments to find whether
milking depleted the oxytocin content of the neurohypophysis of goats She
could not detect any effect of milking on the concentration of either the pressor

d or oxytoc les in the goat neurohypoph nor any diff¢

between the mean values for lactating and non lactating goats Whittlestone
et al (1952) found 1n the cow no evidence of depletion after milking  In smaller
amimals (rat guinea pigand cat) Dicker and Tyler (1953) demonstrated less oxytocic
activity n the postenior pituitary m lactating than in non lactating ammals and
this was confirmed n the dog by Van Dyke et al (1955) The negatwe results
obtained i the cow and the goat are not surprising since as a result of recent
work we know that the amounts of oxytocin which evoke milk ejection are
extremely small

Cowie (cited by Folley 1952b) obtained definite evidence in the anaesthetized goat
of milk ejection with intravenous doses of oxytocin as low as § millunits (mU) although
1 unit was required to give a response cornparable 1n duration with that obtained during
normal milking  Andersson (1951¢) reported a simular minimum dose for the goat
Denamur and Martinet (1953) obtained mulk-ejects n the h
goat with as hitle as I mU oxytocin  In anaesthetized lactating rabbuts definite mitlk
ejection responses were obtamed by Cross and Harns (1952) after an intravenous
njection of 5-200 mU posterior pituitary extract n the anaesthetized lactating rat
hungry pups were able to obtan milk after the nursing rat had been given a stngle
mtraperitoneal injection of 250 mU oxytocin (Cowte wited by Folley 1952b) Cowie
was also able to rear the young of two  neurchypophysectorized rats at almost
the normal rate by giving the mother 2n intraperitoneal myection of 500 mU oxytocin
3tures daily thus giving the young three suckling periods  without this treatment the
young could obtain no milk and soon died  In later work (Benson ind Cowie 1956)
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ssrelatively low and velatile fatty actd levelishigh  Further 1t has been shown (Balmam
et al 1954) that sheep tissue 1s not responsive to insulin 1 sitre  In this connection
preliminary experiments by McCormick and Young quoted by Randle (1955b)
suggest that small doses of insulin given to a cow are galactopotetic  If these results
are confirmed the lack of response 1n sheep sltces i viro may repay further msestigation

Ovanan hormones

In discussing the hormonal factors mvolved mn the mtiation of lactatton the
theories of Meites and Turner 1n casting oestrogen 1n the role of lactation stimulator
through the anterior prtuttary and of Nelson who saw 1t as an inhibitor have been
described  Reports of oestrogen as lator and as whbitor o blished
1 have been d dma ' ¢ review by Mayer and Rlem
(1949) and also by Folley (1947b) Folley and Malpress (1948b) and Cowie and
Folley (1955) To account for the apparent paradox of oestrogen acting both as
galactoporetic and inhibitory agent Folley and Malpress (1948b) put forward the

double threshold  theory

Interest 1n the action of oestrogens on the lactating mammary gland has centred
mainly on their use in preventing or terminating lactation 1n parturient women
a subject reviewed by Barnes (1947) Since then much conflicting evidence has
accumulated on the efficacy of both natural and synthetic oestrogens m this field
The question at 1ssue 15 whether oestrogens given to parturient women are true

hit or whether ter of 1 15 due to removal of the suckling
stimulus provided by the baby the undoubted beneficral effects of gen being
due to their action in preventing painful engorgement during this pertod  Of recent
years emphasis has been laid on the synergism between oestrogen and progesterone
m mnhibiting lactation in expenimental ammals (Fauvet 1941 Barsantini and
Masson 1947 Cowie ef a/ 1952 Meites and Sgouris 1953) It would seem
therefore that combined treatment with oestrogen and progesterone might be
more efficactous than oestrogen alone 1n mhibiting lactation m the puerpenum
Indeed Romam: and Recht (1948) found that concurrent administration of
hexoestrol dipropronate and progesterone gave more effecttve mhibition of lactation
m women than oestrogen lone

THE PHYSIOLOGY OF SUCKLING AND MILKING

The milk ejectron reflex
The correct fi of the milk withdrawal mect 1s just as important
as mulk secretion by the cells of the alveolt as wrthout 1t the end result would be
the same as 1f secretton 1tself had ceased  The milk ¢jection reflex (a term recom
mended by Cowie ef al  1951) known in some circles as the let down (a term
severely cnticized by Folley 1947c) and in medical circles as  the draught
has been long recogmzed It mamfests itself by a sudden rise in the mulk pressure
1n the gland from stimulation of the sensory nerve endings 1n the mpple by the
suckhing or milking stimulus  Cathcart ef al (1948) considered the human female
mipple to be one of the most highly innervated tissues of the body  The reflex was
onigmnally thought to be purely neural but it was later shown that a neuro endocrmj
arc was probably imolved (Ely and Petersen 1941) The termunal Tink was behteve:
to mvolve secretion of a principle by the neurohypophysis (probably the oxytocic
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factor) causing contraction of an effector mechamsm n the mammary alveolt
leading to mncrease 1n intramammary pressure shortly after the start of mitking
or suckling which expels milk from the alveoli

The mulk egection reflex 1s known to occur 1n a wide vaniety of species and probably
occurs throughout the Mammahia  Like all reflexes it can be conditioned the classical
example being 1n the cow 1n which 1t becomes condittoned to the auditory tactile and
visual stimuli associated with the milking routine Waller (1938) recorded an example of
conditioning in a lactating woman Newton and Newton (19502 1951) considered
that thes reflex was an important factor in successful human lactation and that breast
engorgement was caused by retention of mulk in the alveolt due to the reflex failing
Isbister (1953) considered that in women the reflex was essential for successful lactation
and that over 95 per cent of the women studied by her with established lactation
wete conscious of the reflex Like other conditioned reflexes 1t can be inhubited by
emotionally disturbing sumuli as has been shown experimentally in the cow by Ely and
Petersen (1941) and Whttlestone (1951) by Newton and Newton (1948) 1n woman
and by Cross (1955b) 1n the rabbit  Not only are disturbing stimuli and embarrassment
highly undesirable in the lactating woman but the state of mund and general mental
approach of the mother to breast feeding 1s most tmportant (Newton and Newton
1950b)

Evidence for the neuro endocrine nature of the nulk ejection reflex

There 15 considerable evidence that the terminal link :n the mulk ejection reflex
1nvolves the action of oxytoctn At the National Institute for Research i Darry
ng Macaulay (cited by Folley 1952b) carried out experiments to find whether
mulking depleted the oxytocn content of the neurohypophysis of goats She
could not detect any effect of milking on the concentration of exther the pressor
antidturetic or oxytoctc principles 1n the goat neurohypoph nor any diffe
between the mean values for lactating and non lactating goats Whattlestone
et al (1952) found 1n the cow no evidence of depletion after milking  In smaller
ammals (rat gumea pigand cat) Dicker and Tyler (1953) demonstrated less oxytocic
activity 1n the posterior pituitary n lactating than m non lactating antmals and
this was confirmed in the dog by Van Dyke ef a/ (1955) The negative results
obtamed 1n the cow and the goat are not surprismg since as a result of recent
work we know that the amounts of oxytocin which evoke mulk ejection are
extremely small

Cowe (cited by Folley 1952b) obtatned definite evidence 1n the anaesthetized goat
of milk ejection with intravenous doses of oxytocin as low as 5 milliunits (mU) although
1 unit was required to give a response comparable 1n duration with that obtamed during
normal mulking  Andersson (1951c) reported a siular msmum dose for the goat
Denamur and Martinet (1953) obtamed rmilk ejection responses 1n the anaesthetized
goat with as Little as 1 mU oxytocin  In anaesthetized lactating rabbits definte mlk
ejection responses were obtamned by Cross and Hamms (1952) after an ntravenous
mnyection of 5-200 mU posterior pituitary extract 1n the anaesthetezed lactating rat
bungry pups were able to obtain milk after the nurstng vat had been given a single
intrapenitoneal mjection of 250 mU oxytocin (Cowie cited by Folley 1952b) Cowie
was also able to rear the young of two neurchypophysectormzed  rats at almost
the normal rate by giving the mother an intraperitoneal ingection of 500 mU oxytocin
3 tires dauly thus giving the young three suckling periods  without this ireatment the
young could obtain no milk and soon died In later work (Benson and Cowie 1956)
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750 mU oxytocmn was njected twice and sometimes 3 times datly after posterior
lobectomy 1n the lactating rat

In an investigation of women who were unable to feed their babres but who were
suffering fromheavy pains n breasts overloaded with nulk Haeger and Jacobsohn (1953)
observed that duning 10 minutes suckling after an 1mjection of 2 1u oxytocin 1nto
the mother the child obtained 3 times more mulk than during the 5 minute period
prior to injectton This effect of oxytocin was regular i the primiparae and in 5 of
12 muluparae  Four muluparae were relieved of subjective symptoms although
milk yield remained low 1n 3 multiparae the myection had no effect  Haeger and
Jacobsohn concluded that milk ejection had been absent 1n most of these cases from
a deficient final link n the neurohormonal reflex which was replaced by myections of
oxytocn

Several workers have provided further evidence that the milk gjection reflex
mnvolves activation of the posterior pituitary  An antidiuretic effect 1n water loaded
lactating subjects has been observed shortly after application of the milking
stimulus 1n the rabbit (Cross 1951) in the bitch (Kalliala et al 1952) 1n the cow
(Peeters and Coussens 1950) and 1 woman (Kallizla and Karvonen 1951)
However Cross (1951) concluded that the release of ADH vasopressin which
occurs 1n suckled female rabbits 1s insufficient to exert any effect on milk gjection

Recently the posterior pitmitary hypothesis has been dircctly confirmed by
electrical stimulation of the supra optico hypophysial system ~ Andersson (19512
1951b) obtained mulk ejection responses 1n the lactating sheep and goat by electrical
stimulation of hypothalamic areas adjacent to the supra optic nucler and responses
were obtained in denervated udder halves and during sacral anaesthesia pomting
to a termial hormonal component of the reflex In the anaesthetized lactating
rabbit electrical stimulation of the pitwitary stalk region resulted i ejection of milk
similar to that after intravenous wnjection of 50-200 mU posterior pitustary extract
(Crossand Harnis 1951) and similar results were obtaned by electrical stimulation of
the supra optico hypophysial tract (Cross and Harris 1952) Itis mteresting that the
tme lag 1n response to stimulation was typical of humorally mediated effects
Cross and Harnis (1952) also showed that electrolytic lesions could be placed 1n
the supra optico hypophysial tract in such a way as to prevent sucklmg young
from obtaining mitk and to nterfere with the response to stalk stimulation
presumably after degeneration of the tract had occurred The young however
could obtain mulk after the mjection of posterior pituitary exteact On the other
hand 1n those rabbats 1n which there was no disturbance of milk ejection following
placement of lesions electrical stalk stimulatton stll evoked the mulk ejectron
response  Further evidence for the role of oxytocin in the milk ejection reflex
has been obtained from studies on the mechamsm of mhubition of the reflex
Cross (1955b) 1vestigating the emotional factor and disturbance of milk gjection
1n rabbits suckled while under forcible restraint found that in 35 of 42 expeniments
the milk yreld obtamed by the young was reduced by 20-100 per cent and that
there was a correlation between the size of the reflex response and amount of milk
withdrawn

Normal mulk removal was associated with a reflex response corresponding to about

005 1u nyected oxytocm  half the normal yield with a response equnvalent to 0 005~

001 1u of oxytocin and less than 15 per cent of the milk yteld with complete 1bsence

of any reflex milk ejection Fmottonal mhibition of oxytocin release was tccompanied
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1n a few cases by 2 peripheral inhibitory effect 1n the mammary glands as shown by
the fatlure of an injection of 0-05 1 u of oxytocm to restore normal milk removal In
such cases the recorded milk-gjection response to the injected oxytocin was reduced in

size by an amount similar to that by an dose of 1 of
adrenaline given yust before 0 05 1u of oxytocin It seems highly probable that the
block n th nvolved 2 mammary vasoconstriction due to
adrenal path from the hy {Cross 1953
1955a)

Cross concluded that while activation of the sympathetico adrenal system can
occur the main factor 1n the emotronal disturbance of the mulk ejection reflex was
a partial or complete 1nhibitron of oxytocin release from the posterior pituttary
gland

The nature of the muilk ejection hormone

The brilhant work of du Vigneaud who 1solated the punified oxytocic and
ADH vasopressin peptides of the neurohypophysis and finally synthesized them
(for review see du Vigneaud 1956) and the biological assays carned out by Cross
and Van Dyke (1953} and Van Dyke et al (1955) leave no doubt that the endocrme
Iink 1n the mulk ejection reflex 15 oxytocm and m an mvestigation of the milk
ejecting activity of natural and synthetic oxytocin in women Nickerson ef al (1954)
found that both synthetic and natural oxytocin were of equal potency  Supporting
evidence was provided by Peeters and Coussens (1950) who observed that in the
cow mild fright duning milking inhibited the d p without inter
fering wath the milk ejection reflex

After destruction of posterior lobe function or removal of the lobe 1n lactating
rats the mulk ejection reflex was abolished and the pups could only be reared if
the mothers were injected with oxytocin (Harrs and Jacobsohn 1952 Cowe
cted by Folley 1952b) However when posterior lobectomized rats became
pregnant a second time parturition was normal and the mulk ejection reflex was
sufficiently restored to enable the rats to rear their hitters without the administration
of exogenous oxytocmn (Benson and Cowie 1956) In these animals an ncrease
in size of the neural stalk had occurred (also observed by Stutinsky 1952 and
Bullenstein and Leveque 1955 after hypophysectomy in the rat) The results are
1n agreement with recent theories that the posterior lobe hormones are secreted 1n
the hypothalamus and are carned down the axones of the hypothalamo hypo
phystal tract into the neural lobe (Scharrer and Scharrer 1954)

The contractile effector tissue of the mammary gland

In the past there has been uncertanty as to what effector contractile tissue was
responsible for mulk ejection  Richardson (1947 1949a) found no evidence of
smooth muscle fibres 1n close assocration with the mammary alveoli However
the presence of myoepithelial cells { basket cells ) has been recogntzed for a
long time  In the mature mammary gland these cells represent the denvation of
the outer of the two epithelial Jayers iming the ducts 1n the immature gland
Richardson (1949 1949b) was able to demonstrate them clearly for the first tme
m the goat and i man (Richardson 1951) as flattened stellate cells lymg on the
outside of the alveoli between the hel and the b and
with their processes enveloping the alveolar surface so justifying the term  basket
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750 mU oxytocin was njected twice and sometunes 3 tumes dady after posterior
lobectomy n the lactating rat

In an mnvestigation of women who were unable to feed their babtes but who were
suffering fromheavy pains 1n breasts overloaded with milk Haeger and Jacobsohn(1953)
observed that during 10 munutes suckling after an imyection of 2 1u oxytocn mto
the mother the child obtained 3 times more mik than durng the 5 minute period
prior to smjection  This effect of oxytocin was regulfar 1n the primuparae and in 5 of
12 multiparae  Four multiparae were relieved of subjective symptoms although
milk yield remamned low m 3 multiparae the injection had no effect Haeger and
Jacobsohn concluded that milk ejection had been absent i most of these cases from
a deficient final link m the neurohormonal reflex which was replaced by injections of
oxytocin

Several workers have provided further evidence that the mulk ejection reflex
snvolves activation of the posterror pitustary - An antidiuretic effect 1n water loaded
lactating subjects has been observed shortly after application of the mitking
stimulus 1n the rabbit (Cross 1951) in the bitch (halliala ef @/ 1952) 1n the cow
(Pecters and Coussens 1950) and in woman (kalliala and karvonen 1951)
However Cross (1951) concluded that the release of ADH vasopressin which
occurs 1n suckled female rabbits 1s insufficient to exert any effect on milk ejection

Recently the posterior pituitary hypothesis has been directly confirmed by
electrical stimulation of the supra optico hypophysial system  Andersson (19512
1951b) obtained milk ejection responses n the lactating sheep and goat by electrical
stimulation of hypothalamic areas adjacent to the supra optic nucler and responses
were obtained in denervated udder halves and during sacral anaesthesia pointing
to a terminal hormonal component of the reflex In the anaesthetized lactating
rabbit electrical stimulation of the piturtary stalk region resulted m ejection of milk
similar to that after intravenous injection of 50-200 mU posteror piturtary extract
(Cross and Harris 1951) and simifar results were obtamed by electrical stumulation of
the supra optico hypophysial tract (Cross and Harnis 1952) Tt1s mteresting that the
time lag 1n_response to stmulation was typieal of humorally mediated effects
Cross and Harnis (1952) also showed that electrolytic lesions could be placed 1.
the supra optico hypophysial tract 1n such a way as to prevent suckling young
from obtaimng milk and to interfere with the response to stalk stimulation
presumably after degeneration of the tract had occurred The young however
could obtain mulk after the injection of posterior ptuitary extract On the other
hand n those rabbts in which there was no disturbance of mulk ejection following
placement of lesions electrical stalk strmulation still evoked the mulk ejection
response  Further evidence for the role of oxytocin in the milk ejection seflex
has been obtamed from studies on the mechamsm of mhubitton of the reflex
Cross (1955b) mvestigating the emotional factor and disturbance of milk gjection
1n rabbuts suckled while under forcible restramt found that 1n 35 of 42 experiments
the milk yield obtamed by the young was reduced by 20-100 per cent and that
there was a correlation between the size of the reflex response and amount of mitk
withdrawn

Normat milk removal was associated with a reflex response corresponding to about

005 1u mgected oxytocin  half the normal yield with a response equivalent to 0 £05-

001 1u of oxytocin and less than 15 per cent of the mulk yield with complete absem:;

of any reflex milk egection  Emottonal nhibition of oxytocin release was accompanie
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gland and may beinterpreted as harmonizing with the view that oxytocin stimulates
prolactin secretion  Direct vascular connections from the posterior to the anterior
lobe of the pituitary have been demonstrated 1n the rat (Landsmeer 1951 Daniel
and Prichard 1956) so 1t seems possible that the anterior lobe may receive blood
highly charged with oxytocin before any dilution of the hormone can occur with
blood from other parts of the body If further work confirms that this interesting
effect of oxytocin 18 medsated by the release of prolactin by the antertor pituttary
then we have here a means by which two of the main phases of lactation—
milk and milk eject d (for ter logy of scheme see
Cowie et al 1951)
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cell  This was confirmed by Linzell (1952) Richardson considers that the histo

fogical appearance of these cells before and after milking agrees with the view

that they contract actively during milking and Linzell (1955) has shown by direct

microscopic examination of the living mymmary gland of the mouse that oxytocmn

:{opxcally applied can cause contraction of the alveolr forcing mulk 1ato the larger
ucts

FiG § —Tangential sections of alveoh showing myoepithelial cells closely adherent
to the mammary epithelum with the intervening stroma almost completely un
stained (Bv courtesy of K C Richardson }

Neurohypophysis and the of

In addition to the role of oxytocin as the hormonal agent of the milk gjection
reflex evidence has recently been obtained that the posterior prtuitary may also
play a part in the maintenance of lactation It 1s known that the suckling stimulus
can maintan lactation and prevent involution of the mammary gland (Selye 1934)
presumably because 1t causes release of prolactin from the anterior lobe of the
pitwtary Benson and Folley (1956) greatly retarded mammary imvolution by

d ng OXy 0 1 rats whose litters had been removed at the
fourth day of lactation In later work (Benson and Folley 1957) these findings
were confirmed and a stmilar response was obtained both wath a natural preparation
of oxytocmn free from preservative and with synthetic oxytocin ADH vaso
pressin only had a slight effect n preventing mammary involution  In rats which
were hypophysectomized at the same time as the ltters were removed oxytocin
d1d not prevent involution of the mammary gland but sham operated controls
responded 1o oxytocin to the same extent as in the earier expenments These
results rule out the possibility of oxytocin having a direct action on the mammary
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gland and may be mterpreted as harmonizing with the view that oxytoan stimulates
prolacun secretion  Direct vascular connections from the posterior to the anteror
lobe of the pitwtary have been d d in the vat (Land: 1951 Damet
and Prichard 1956) 50 1t seems possible that the anterior fobe may recesse blood
tughly charged with ovytomn before any difution of the hormone can oceur with
blood from other parts of the body  ¥f further work confirms that this interestng
effect of oxytocin 18 mediated by the release of profacnn by the antenor pituntary

then we hase here a means by whech two of the mun phases of lactation—
milk secretion and milk ggection—are integrated (for termmology of scheme see
Cowte er al 1951}
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CHAPTER 17

ENDOCRINE FACTORS IN THE AETIOLOGY AND TREATMENT
OF CANCER OF THE BREAST AND PROSTATE

BasiL A StoLL

INTRODUCTION

AN IMPORTANT development 1n recent research was the suggestion that the mnitiation
and growth maintenance of some tumours may be partly under endocrine control
As early as 1889 Schinzinger suggested castration n treating young females with
breast cancer and White mn 1893 suggested castration for benign prostatic
hypertrophy  The mvestigation of the hormonal relationships of these tumours
received a new impetus followng the dramatic benefit achieved i carcimoma of
the prostate by castration (Huggins and Stevens 1940) and later by the use of
stilboestrol  In the treatment of cancer hormones have the advantage of not
nducing local tissue destruction unlike some of the other modalitres used so that
even 1f of no benefit they will do no great harm to the patient The outstanding
difference tn therr mode of action 1s that they atm to modify the internal environ
ment of the host and so increase the reststance of the patient to his tumour Asa
result cancer could come under control whatever the degree of its dissermmatront

It will be shown later that certain tumours particularly cancer of the breast
and prostate can be regarded as hormonal in origin ~ When malignancy 1§ estab
lished the tumour although possessed of a certain degree of autonomy may still
retaint some senstttvity to hormones and therefore 1s called  hormone dependent
The pioneer observations of Huggins on prostatic carcthoma were possible because
in the case of the prostate the normal hormone control1s not complex  Androgens
stimulate both normal and cancerous prostatic tissue to grow, whether the source
of the androgen 1s the testis or the adrenal cortex and modification of this control
18 relatively simple

There 1s however great difficulty 1n modifymng the hormonal control of the
breast because of the complexity of 1ts hormonal relatjonships The organ 13
known to be mfluenced not only by two hormones from the ovary and by the
adrenal corfex but also by at feast ftwo hormones from the preurtary and by the
thyroid gland mn the normal female Associated with multiple hormonal control
1s the tend for d m tion of one hormone to lead to over secretion
of another the pitwitary gonadal relationship being compared by Huggins to 2
closed cycle feedback system Thus it is well established that deficiency of the
ovanan hormone due erther to the menopause or castratton may lead to over
secretion of prtuitary follicle sumulating hormone ~ Conversely 1f one establishes
an excess of ovaran hormone by therapeutic admnstration depresston of piturtary
secretion may result

It follows therefore—and this 15 a most important factor from the pomt of view
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taal.

of cancer therapy—that of hormones act ¢ by what method will
yield only temporary results  As will be seen later this 1s the case so far 1n both
carcinoma of the prostate and carcinoma of the breast when contralled by hor

monal methods

CARCINOGENIC ACTION OF STEROIDS

The sterods of the body are based on cholesterol and st 15 known that the related
compound deoxychohc acid ean be transformed 1n the laboratory tato methyl
chotanthrene  The hydrocarbons of the polycyclic aromatic group which are
capable of induaing carcinoma in experimental ammals include dibenzanthracene
and krene It s posaibie therefore that carcsmogenie
hydrocarbons mmay anse from steroids 1 the human body and in tius connexion
mention should be made of the work of Dobriner ef of (1947) whe showed that
adrenocortical activity 18 frequently disturbed m cancer patients
Lipschutz (1950} stressed that experimental oestrogenie tumours which can be
mduced m ammals (such as utenine ﬁbroxds endometrial ndcnomas and pitwitary

turnours) develop only when and at a
hyperphysiologreal level  In most of these ammals on the other hand the
physiol 1 of 15 at a low level and is shythmuc m
character varying with the sex cycle  As d oestrogen

allows tisstes o return 1o therr normal condition at rest Lipschutz suggested
that mn these experuments the tissues have no hereditary abnormality  but only
because of abnormal concentration and tuming of cestrogens do these benign
tumours anse  Gardner n 1941 observed that a very high dose of vestrogen may
even inhibit the growth of breast tissue although small doses are stimulant

Does oestrogen tumorngenes:s act via the gonadoiropic or corticotropie secretion
of the antenor mtwitary? Cana tugh oestrogen fevelin the body Jead to the secretion
of abnormal sterosds noted by Dabrmer” 1s there a body defence against cestrogen
tumonigenests? These remain to be d and with regard to the
last 1t 1s well known that the Itver plays an important part in the tnactivation of
oestrogens i the body Damage to the hver esther by vitamin B deficiency
or protein deficency reduces us ability to snactivate endogenous or exogenously
admmstered oestrogen  The chrmcat sigmficance of this fact may be reflected in
the mgh & of 1t Bantu males 1n Afnca where 1t 15
posstbly associated with a deﬁctent diet  In additton Biskind in 1944 suggested
that cystic mastitis and vtetine myomas may be with vitamun B defi
and s 1947 Ayre noted thiamme defictency 1n a high proportien of s cases of
carcinoma of the cervx uten i Canada

HORMONAL INFLUENCES IN SPONTANEOUS MAMMARY
CANCER IN MICE
Much of the knowledge of hormcn.nl control of cancer 15 based on experiments on
:!mcc‘carrymg " ditary Y 1415 possible to nfluence the

y tumours 1 muce by the folfowing methods
(1) changing the genetic factor @ hormonal changes for example castration
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aestrogen or ation  hypop! Yy nd of hypo
thyroidism adrenalectomy (3) avoiding the ik factor transmitted in the
mother s milk (Bittner 1936) and (4) dietary restriction for example restricted
protein or calorie tntake or restriction of certain amino acids or members of the
vitamin B complex i the diet

Only the first two factors are discussed 1n this chapter

Genetic factor and the influence of castration oestrogens and testosterone

Certain strains of mice can be bred to carry almost a 100 per cent likelihood of
all the females developing sp y cancer and other stramns bred
to carry a mummal likehhood

1In 1932 Lacassagne was able to induce breast cancer in male mice by admmis
tration of oestrogens and thus oestrogens were the first compounds origmating
1n the body which could be shown to cause cancer In stramns where the susceptt
bility 1s high mammary cancer develops spontaneously in the female when exposed
to physiological doses of oestrogens Ovariectomy or the administration of
testosterone before full female development delays or reduces the incidence of
cancer 1n these strains but in 1918 Lathrop and Loeb showed thus does not apply
1f the animals are castrated at an older age  The mammary gland having then been
exposed 1o a certain number of oestrous cycles

Hypophysectomy

Hypophysectomy reduces the rate of growth of mammary tumour transplants
stated Korteweg and Thomas in 1939 and of spontaneous mammary cancer
according to Gardner in 1942 Smuth er a/ (1954) have shown that the adminis
tration of pitwtary somatotropin to C3H mice beaning transplanted mammary
adenocarcioma leads to an increase in tumour grow th not related to the increase
in ammal weights  Schulman and Greenberg {1949) were however unable to
observe simular results in A strain mrce

Stimulation to breast cancer n susceptible mice by oestrogens probably
requires the presence of pituitary function Lacassagne and Chamorro (1939)
showed that oestrogens alone could not effect the development of breast
cancer 1n hypophysectomized male mice  In this respect mention should be made
of the recent work of Lyons (1956) who showed that full growth of the breast in

d d and hypoph d male mice requires a refately high

concentration of prolactin and a low concentration of oestrogens  The addition
of growth hormone and cortisone can even mduce lactation  Although most
authornities find the antertor prtustary biol ly inert when transplanted Muhlbock
{1954) has ynduced MamImaTy CATTIMOM2 3N Tte n the absence of both the ralk
factor and of extraneous oestrogens by the implantation of fresh antertor prtwitary
gland  Ths effect may be a result of its prolactin content

Hypothyroidism
Both thiouracil ratton and thyroid y reduce the d of
1n mice of the C3H stramn (Morrs et af  1946)

y
There 15 of course an associated anoestrus and decreased output of ocstrogens
from the ovary and these changes may be ble for the d m y
carcinoma noted
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Long d thy pn ad reduces the mnad f
Mammary cancer i muce of the RUM1 stram at the same time snhibiting thetr
ferulity (Cramer and Hormng 1938} It ss possible that both thyrotropm and
t 1 d cancer develop partly as a result of

nutritional depression

Adrenalectomy

It 1s well known that if amimals are ovanectomzed at birth the adrenat cortex
can take over the hormonal function of the ovary n the development of the breast
and the uterus  Adrenalectomy will impar the effect of oestrogens in mducing
breast cancer m susceptible strans of muce (Cramer and Horning 1939} and wil}
decrease its mncidence

Theh 1 control of sy
graphwally s Fig 9 s seen that
wdrenalectomy hypophysectomy and snduced hypothyrowdism depress the growth
while oestrogen or antenor pitudary admmstration stimulate the growth of

P Y

$4 10 TUCE ¥ i
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Depress é secrat on ot
AT o7
?(‘ Pratget n
x5 and{sTH
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&
[y
Adrenaiiont x
Androgene and /E und oderrant
2 stragen oeStrogen ¢ CompourKt oor nal t ssue
OVARY ADRENAL
BREAST
Fic 9 control 11 £xp ammals with mammary cancer

HUMAN MAMMARY CARCINOMA
Endocrine relationstups of human nrammary carcinoma
Age mcidence—The madence of breast carctnoma ih females reaches a peak
at the age of 45 years tzu! when allowance 15 made for age distubution n the

popuk; s shownthat the nisk of developng breastcancer increases
proportionally with advancing age Leucutia stated m 1944 the poorest prog
ROSIS 18 M cases occurnng between 50 and 59 years although according 1o
Clemmesen m 1948 and 10 Anderson m 1950 there 1s a decrease m the meidence
noted 1n this age group  These obsenations are shown graphecally 1 Fig 10
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oestrogen or testosterone admimnistration  hypophysectomy nduction of hypo
thyroidism adrenalectomy (3) avoiding the mulk factor transmitted m the
mother s milk (Bittner 1936} and (4) dietary restriction for example restricted
protein or calorie intake or restriction of certain amino acids or members of the
vitatmin B complex 1n the diet

Only the first two factors are discussed 1 this chapter

Genetic factor and the mnfluence of castration, oestrogens and testosterone

Certain stramns of mice can be bred to carry almost a 100 per cent Iikelthood of
all the females developing spontaneous mammary cancer and other strains bred
to carry a mimmal likehhood

In 1932 Lacassagne was able to induce breast cancer 1n male mice by adminis
tration of oestrogens and thus oestrogens were the first compounds origmating
1n the body which could be shown to cause cancer In strains where the susceptt
biltty 1s ligh mammary cancer develops spontaneously in the female when exposed
to physiological doses of ocestrogens Ovartectomy or the admumstration of
testosterone before full female development delays or reduces the madence of
cancer 1n these strains but m 1918 Lathrop and Loeb showed this does not apply
1f the amumals are castrated at an older age  The mammary gland having then been
exposed to a certain number of oestrous cycles

Hypophysectomy

Hypophysectomy reduces the rate of growth of mammary tumour transplants
stated korteweg and Thomas 1 1939 and of spontaneots mammary cancer
according to Gardner in 1942 Smth er @/ (1954) have shown that the adminis
tration of pituitary somatotropin to C3H mice bearing transplanted mammary
adenocarcinoma leads to an increase m tumour growth not related to the increase
m ammal weights  Schulman and Greenberg (1949) were however unable to
observe stmular results in A stramn mrce

Stimulation to breast cancer m susceptible mice by oestrogens probably
requires the presence of pitwitary function Lacassagne and Chamorro (1939)
showed that oestrogens alone could not effect the development of breast
cancer 1n hypophysectomized male mice  In this respect mention should be made
of the recent work of Lyons (1956) who showed that full growth of the breast in
gonad, d and hypoph; d male mice requires a relatively high
concentration of prolactin and a low concentration of oestrogens The addition
of growth hormone and cortisone can even mduce lactatron Although moil
authorities find the anterior pitwmtary brol My mert when d Muhlt
(1954) has induced mammary carcinoma n mice 1 the absence of both the mik
tactor and of extraneous oestrogens by the implantation of fresh antertor prtuitary
gland  This effect may be a result of 1ts prolactin content

Hypothyroidism

Both thiouracil ad ration and thyroid y reduce the d of
y 1n muce of the C3H strain (Morns ef al  1946)
Trhere 15 of course an associated anoestrus and decreased output of oestrogens
from the ovary and these changes may be responsible for the decrease 1n mammary

carcinoma noted
214



HUMAN MAMMARY CARCINOMVA

found 10 53 per cent of patients with breast cancer compared with 28 per cent of
the normal population  Delayed menopause means & longer exposure to oestrogen
concentration

The adverse effect of pregnancy on carcinoma of the breast probably depends
more on vascular changes than on the or p
fncomplete lactation 13 said Adair in 1934 often associated with development of
carctnoma of the breast fater  In these cases obstruction or irntation of the lacteals
may predispose to mahgnancy and the habst of prolonged lactation may be re
sponsble for the low madence of the disease in Japan~—about one fifth of that in
Western countries

Hypothyraud state —The sdea that patents with breast carctnoma are more
Iikely to be m 2 hypothyrawd state and th beaefit from thyrowd hormone
adrumstration was revived by Loeser m 1954 Spencer (1954) suggested that a
fugh thyrouse Jevel i the blood can suppress pitustary activity in the same way as
do oestrogens  The experimental evid s confusing A dmg to Chu and
You {1944) small doses of thyrowd exiract experimentally reinforce the action of
ocstrogens while large doses completely inhubit avanan acuvity

Scheme of hormone therapy 11 breast cancer

The following methods of hormone control are practised i the treatment of
advanced breast cancer esch method beng tried for at least 2 months before beng
abandoned for the nexton thelist  Radiotherapy is generally utilized for the control
of the early localized manfestations hormone control bemg reserved il the
disease 1s widespread  With hormone therapy the aserage survisal followsng the
first recurrence 15 19 months compared with only & months for untreated cases
{Peters 1956}

Ptemenapau:a[ cases

(1) Surgical cophorectomy can induce 2 long remission mn hormone dependent
cases that s i about 40-30 per cent of the total  Varous authors quote rehef
1 30~55 per cent of cases following radiation menopause but its effects are more
delayed and less complete  Relief lasts for a pentod varymng from 6 to 24 months
{averaging 9 months) the best resuits besng noted n the case of bone metastases
Poor results are generally obtained m patients with lung liver node or cerebral
metastases

{2) Androgens can be used if relapse occurs leading to a further remission m
the dependent types  Dosage of at feast 200 milligrams testosterone propronate
weekly for at least 8 weeks leads to control of metastatic bone pawmn n about 50
per cent of cases and control of soft tissue growth m about 35 per cent of cases
{Stolt 1930) for an aserage of 12 months

(3) H the tumour 15 non hormone dependent as shown by there bang no selief
from (1) or (2) cortisone 200-400 mulhgrams daly 1s tried  Thus may lead to
temporary relief of symptoms for about 3 months only but 1t can also be used
1o select cases for adranalectomy

{4} Adrenalectomy may lead to a further renussion 1 40--50 per cent for an
average of 9 months usually i cases responding to cortisone  If there has been
no rehef from cophorectomy there s unhked 1o be relief from adrenalectomy and
thus alse gives an indication for selection of cases
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Average age at mencpause

Decreased incidence but z
50 55 6

45 0
pocrprogrors |

Fic 10

If we assume that the average age at the menopause 15 46 years the poorest
prognosts would appear to occur from 3 to 13 years after the menopause At the
cessation of the menses 1t takes several years for oestrogenic hormones to disappear
from the blood and urine and endometral biopstes show contiuation of oestrogen
function (Novak and Richardson 1941) which may originate partly in the adrenal
cortex  The gradual disappearance of oestrogenic hormones from the circulation
after the menopause appears to influence the growth of carcmoma of the breast

Role of pintary secretion —Reciprocal mhibition between the gonadal and
hypophyseal secretion 15 accepted Meyer mn 1932 noted that large doses of
oestrogens lead to decrease 1n the gonadotropin content of the pitwitary in rats
although Lane tn 1934 observed that small doses or short term admimistration
sttmulate the release of gonadotropin  Since 1t 1s well established clinieally that
oestrogen or androgen adminustration n high dosage at or after the menopause
can decrease the high level of gonadotropin excretion and since these hormones
give benefit mn postmenopausal cases of breast carcinoma 1n this age group the
tumour 15 regarded as gonadotropn dependent However a high dosage of
oestrogens also mhibits the secretion of somatotropin prolactin and thyrotropin
and stimulates the secretion of corticotroptn (Tepperman ef al  1943) It must be
remembered that whereas the effect of gonadotropin on the breast must be medrated
via the gonads (or extragonadal sources of oestrogen) somatotropin and prolactit
can act directly on breast tissue

In premenopausal cases breast carcinoma 1s thought to be oestrogen depcndent
On this basis castration by depressing the production of oestrogens should Jead
to chnical improvement and the admunistration of oestrogens might be expected
to lead to clinical actnation of the neoplasm  This has been found to be correct
1n a proportion of cases as will be seen later

Oestrogens —Many authorrties have stressed the danger of the recent increase n
the therapeutic use of oestrogens  Several cases of carcinoma of the breast closely
following intensive oestrogen therapy have been reported in the literature smce

9

that of Allaben and Owen 1n 1939 It was sug; by Auchmloss and
1n 1940 that 1n such cases oestrogens act through the piturtary n causing breast
The 1ncr of 15 by no means absolute but

publication of the cases has led to therr less indiscriminate use  Occasional associa
tion of breast carcinoma with a high oestrogen concentration from granulosa cell
carctnoma has also been noted

Relationship 1o pregnancy —The higher 1ncidence of carcinoma of the breast in
nulliparae 15 well established (Lane Claypon 1926) ~Such women are probably
not exposed to the fluctuations . hormonal concentrattons to which the parous
are liable and such hormonal vanations may be of protective value It has also
been noted (Olch 1937) that menopause delayed beyond the age of 50 years 1s
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oestrogens or androgens may possibly be due to the adrenal cortex altening its
secretiont to support the growth of the neoplasm
Unfortunately the basic assumption that ¥ €arcinoma 1s B

dependent 15 unable to explam satisfactonily the regression under oestrogen therapy
seen i p cases and D {1952} showed that masstve doses
of stitboestrol could snduce a chmeal even in pausal women
In addstion there are chnucal observations that a change from androgen 1o oestro
gen admimstration of even sudden of androgen ad may lead
to further tumour repression i a carcmoma showing reactivation and that
androgen may accelerate the growth wn some cases (Myers ez o 1955)  These
facts cannot be clearly exp! d by the d rogen d & and the
only satisfying explanation 1s 1o our mund that once established mammary
carcinoma is pitiatary dependent  Thus hormone therapy whether by oestrogens
or androgens and whatever the age group 1s dependent on suppression of specific
pitwstary hon probabl and dotropin  but posaibly also
adrenotropin or somatotropin  Such a mode of control 13 shown graphcaily m
Fiz 11 Inhbition of oestrogens 1s probably only of secondary importance 1o the

contral of breast cancer
anr émr

Hypophysectomy w ruvaom
retords growtn )
Yestostercna srH Thyro dectomy
decreases stimulotes o~ ENIOUPTE {
ne dente growth ducreases inc dence
O Castrol n decreases nc dence
Gestrogen horeases e dent Gecreds 5 ne Genee A
avARY ADREVAL
" BREAST

Fig 1t —Hormone control in mammary cancer

Pinusrary dependent nature of breast carcinoma

The temporary nature of sueh hormone control is due to the piturtary eventually
compensating for the swing of hormonal balance and control of the pruitary
factorss therefore the key to the problem of hormonal control of breast carcinoma
Evidence s favour of the prtuitary dependent nature of breast carcinoma 15 as
follows

(I3 Both and 2 d whibat prtuntary secretion
whether 1n young or ofd patents Androgens can 1n any case be partly converted
to cestrogens 1n the body

(2) Afier hypophysectomy for breast cancer the admmistration of somatotropin
has been shown to cause wnerease in osteolysis suggesting an important role for




CANCER OF THE BREAST AND PROSTATE

(5) Hypophysectomy may lead to a further remussion if relapse after adrenal
ectomy occurs and many authorities now advise this operation 1n preference to
adrenalectomy Improvement in anaemia with cessation of osteolysis and
remussion of symptoms may last for 6-12 months or more

Postmenopausal cases

(1) Oophorectomy alone rarely leads to remission but 1f oestrogens persst m
the unine or a vaginal smear shows cormification after the P P »
worth while

{2) Ocstrogens lead to a remission 1n 20-30 per cent of cases with bone metastases
and 1n 50-60 per cent of cases with soft tissue metastases for an average of 9 months
even 1f lung metastases are present (Stoll and Ellis 1953) Patients should be at
least 3 years postmenopausal otherwise oestrogens are dangerous and may lead
to activation of the disease

(3) Androgens usually give better rehef than oestrogens 1 the presence of bone
metastases about 60-70 per cent of cases being relieved for up to 12 months

(4) Cortisone administration is followed inr ding cases by adr

(5) Combined oophorectomy and adrenalectomy leads to relief 1n S0 per cent
of cases the better results being obtamed 1n the presence of bone metastases

Rationale of hormone therapy in breast cancer

Little attempt has been made in the literature to correlate all observed expert
mental and clinal facts  On the basis that the disease 15 oestrogenic iz ongun 1t
has been d that the blished hods of hormone control may act as
follows 1n the hormone dependent cases

(1) Removal of the source of the maintaining hormone for example by cas
tration or by adrenalectomy

(2) Intibition of mamtaimng hormone  for instance androgens may inhtbit
oestrogens at the *irget site 1n breast carcinoma 1n premenopausal cases (Just as
oestrogens may inhibrt androgens i prostatic carcinomay

3) Inlib of the 1l for ple oestrogens or and may
antagonize the antertor pituitary hormones m postmenopausal cases of breast
carcmoma  On a simlar basts 15 the use of hypophysectomy m later cases

Huggins and Dao (1954) suggested that carcinoma of the breast 1s either 0sar)
dependent ot adrenal dependent  Qestrogens from the ovary and similac compounds
from the adrenals may sustam breast carcinoma  Since one cannot determne the
type b d both ooph and adr y are carned out simul
taneously although prolonged benefit from pophorectomy alone 1n some cases
suggests ovary dependence The benefit derived from oestrogen or androgen
administration 1s considered on this basis to be due to depresston of gonadotropic
secretion

Pearson et al (1954) suggested that carcinoma of the breast 1s esther oestrogen
dependent or non oestrogen dependent  In the former reactivation after oophorec
tomy may be due to the adrenal cortex taking over oestrogen secretion

West et al (1952) stress Dobriner s findings that abnormal sterords onginating
\n the adrenal are found in the unine of breast cancer cases They sungest tha:_
one resistance developing after castrauon or after the admimstration o
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complete pamn relief in metastases was maintained for up to 5 years  Oestrogen
therapy as reporled by ]\cnncdy and Nathanson 1n 1953 docs not appear to be
as effective  Prop has been

n male breast cancer butis not recommended  Later in the disease adrenalectomy
and hypophysectomy are as useful 2s in female mammary carcinoma

PROSTATIC CARCINOMA

Endocrine zetiology of prostatic carcinoma

It 1s more than 150 years since John Hunter noted atrophy of the prostate follow
Jng castration but the observation appeass to have been forgotten until Whate
1n 1893 suggested orchudectomy m the trea!ment of benign hypertrophy of the
prostate  In 1940 Huggins and Stevens 1n the of
prostatic carcinoma and 1941 Huggms and Hodges reported the benefits of
oestrogen therapy 1 this disease  The prostate1s normally acted upon by oestrogens
and androgens which originate i the patient s testis or adrenal cortex  Huggins
noted that the admimistration of oestrogens (or the operation of orchidectomy)
depressed the prostatic secreton while androgens stimulated st and these same
hormones were noted to have a simular depressive or stimulating effect on prostatic
cancer

Evperimental obseriations

It can be shown 11 almost all animals that oestrogen admrnistration mn excess
of the normal supply causes atrophy of the prostatic eprthelium followed by
metaplasta to squamous epithehum In addition there 1s a conconutant increase
in the fibromuscular stroma It 1 mteresting to note that smaller doses of oestro
gens cause more rapid changes 1n the prostate than do larger doses (Chamorro
1950) Bemign hypertrophy of the prostate however can rarely be induced by
oestrogens except i dogs and there 1s only one case m the literature by Burrows
and kennaway where ocstmgen therapy n an ammal led to metaplasia of
the prostatic epath

On the other hand 1t has been noted that successful grafting of prostatic adeno
carcinoma requires an adequate androgen level  Horming i 1949 noted tumour
regresston 1 such a graft when 1t was transferred to castrated mice although with
repeated transplantation the tumour becomes more and more mdependent of
hormonal control (Thts 1s unhke mammary cancer where in the hereditary
adenocarcinoma of muce all three factors—heredity oestrogens and the mulk
factor—are essential for 1ts spontneous development  Once established however
the tumour can be easily transplanted and 1s md:pendent of hormonal conirol)

The therapeutic effect of oestragens or of
thought to depend on th: mcdmnon of the prtwitary gl:md Scott (1953) notcd
that v hypop Ihe prostatic to androgens
but the ad of prolactin d the y and 15 pr
favourable to prostatic growth  This observation should be considered 1n relation
to the fact that oestrogens can inhibit the release of prolactin from the prtuitary

Chlimcal observattons

Tt 1s well known that bensgn hypertrophy of the prostate 1n men occurs marnly
21
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thts hormone (Pearson er af 1954) There1s however no expenimental evidence
that growth hormone secretion can be suppressed by hormone therapy other than
hypophysectomy and growth hormone 1s probably only a co factor mn carcino
genesis

(3) Climcal regression of growth after adrenalectomy often occurs without
sigmificant changes 1n the output of gonadotropin or oestrogens although these
changes are often seen (Scowen and Hadfield 1955) The clinical response of
breast carcinoma to admimistration of corticotropin 1n some cases (West ef al
1952 Segalofferal 1954a) cannot be explained onthe oestrogen dependent basts

(4) A much lugher proportion of relief 1s achieved by lete hypopt
than by adrenalectomy possibly due to removal of prolactin or somatropi
Hypophysectomy 15 just as effective whether previous adrenalectomy and oophorec
tomy has or has not been carried out (Luft and Olinecrona 1955)

(5) As has been seen in the previous section breast carcinoma cannot be induced
by oestrogens 1n the absence of the hypophysis It has been suggested that the
action of oestrogens 1n mammary growth stimulation 1s merely one of increasing
the vasculanity of the mammary stroma so that access of other hormones such as
prolactn 15 facinated (Mixner and Turner 1942) and this may apply also to
carcinogenests

(6) Muhlbock (1954) was able to induce mammary carcinoma m mce by
mmplantation of the antenior pituttary gland without the admnistration of
extraneous oestrogens Smith ef al {1954) increased the growth of mammary

1n mice by ad ation of growth hormone
There may 1naddition be penpheral effects from both oestrogens and androgens
Thus and have a ¢ 2] I on calcrum metabolism and this

may account for 1ts better control of bone metastases Comversely regression of
soft tissue metastases with concomutant progression of bone metastases under
oestrogen therapy suggests that the local tissue reaction may be influenced Itis
established that oestrogens tend to cause proliferation of fibroblasts with tendency
to sclerosis and this may decrease the blood supply to malignant cells (Maximow
and Bloom 1952)

Mammary carcinoma 1n the male

The 1ncidence of breast cancer 1n males 1s approvimately 1-2 per cent of that
infemales The low incidence may result from the fact that 1n males 1t 1s 2 vestigtal
structure and therefore not subject to the cyclic hormonal changes of the female
There 15 no evid that gy 1a1s rous and heredity appears to
play Iuttle part i the incidence of male breast carcinoma  Lacassaghe showed
mammary carcinom= to develop 1n male mice exposed to oestrogeme stimulation
and clinically there have been several cases of mammary carcinoma developing in
males following prolonged sulboestrol therapy for prostatic cancer since the first
report of Abramson and Warshawski m 1948 It s posstble that spontancous
breast carcinoma 1n males 15 due to the effect of oestrogen over secretion from the
Sertoli cells of the testis or from the adrenal cortex A high oestrogen level in
the blood may also follow the presence of liver disease (such as that following
vitamin B complex deficiency) which interferes with snactivation of oestrogens

In the case of advanced mammary carcinoma m‘thc male Farrow and Adair
(1942) reported ficial results foll g or y and in some cases
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and hypophysectomy removes the controlling hormone which may activate extra
gonadal sousces of androgen

Androgen control

The action of oestrogens 1n this disease has been explained as (1) depression
of the gonadotropic secretion of the prtuitary and (2) antagonism to peripheral
androgens (Murray 1937) at the target site leading to a local effect on the prostatic
tissue

With regard to the latter 1t has been postulated that oestrogens may
have a specific depressant action on the growth of carcinoma cells  Thus supposition
15 hard to reconcile with the success of surgical castration and adrenalectomy
Nevertheless 1t 15 possible that oestrogens lead to an increase 1 the fibrous tissue
of the prostate following stimulation of the reticulo endothehal system (Maximow
and Bloom 1948) a similar effect may be achieved by orchidectomy

gen Cort sone  Progesterone
tlargedose)

Depress secretion of
ANT air

Profactin
and|$TH

O O Adrenai cortex
Androgen Androgentc compounds and aberrant
TESTES phres

adrenal trssue
tLeyd g cells? PROSTATE NAL

Fi6 12 —Hormone control 11 prostatic cancer

After castration for prostatic carctnoma there 1s a fall 1n the urmary 17 keto
steroids but when relapse occurs there 1s a sudden nise 1n the level according to
Huggins presumably due to hypersecretion of androgens by the adrenals  After
adrenalectomy agam there 15 usually a rapid fall in the 17 ketosteroids There 15
an merease m the excietion of pitumary gonadotropin in the unmne both after

and after ad pituitary release from the inhtbition
of the gonadal or cortical hormone On the other hand followmng oestrogen
therapy there 1s a decrease 1n the of pituitary g pmn 1n the urine

These observations make the explanation of androgen control difficult In
addition later work showed that prostatic carcinoma could be accelerated by the
administration of growth hormone (hennedy 1956) and climcally conteolled by
testosterone admunustration (Brendler ef a/ 1950) by progesterone admnistration
(Trunnel er a/ 1951} and by cortisone admistration (Hayward 1953) Some
recent experimental observations may help to unify all these apparently conflictmg
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in the median lobe of the gland It has been suggested on experimental grounds
that this portion of the gland 1s the one sensitive to oestrogen and androgen
wnfluence and therefore that benign enlargement of the gland 1 man 1s due to
relative excess of one hormone  On the other hand 1t must be noted that prostatic
carcinoma anses in the posterior lobe 1n the majority of cases ~ Terfum (1950) has
demonstrated the relative predominance of hpotds 1n the oestrogen producing
Sertolt cells of the testts in men over the age of 60 years and decrease in Itpoids i
the androgen producing Leydig cells It 1s therefore suggested that oestrogen
over production may be d with the devel of p tumours
Excess oestrogens have however never been demonstrated 1n the unine of patients
with benign or malignant prostatic enlargement It 15 probable therefore that
prostatic neoplasia 1s caused by a shift 1n the oestrogen-androgen ratto rather than
by actual excess of either hormone bearing 1n mund that prostatic carcinoma may
reflect an endocrinological status existing 10-20 years before the climcal onset of
the disease

To summarize oestrogens when relatively 1n excess of androgens may cause
epithehal hyperplasia (which may possibly progress to cancer of the prostate) or
may cause hyperplasia of the fibrous stroma (which may progress to bemgn
prostatic enlargement) Both conditions may co exist just as oestrogen induced
uterine fibromy and end nal may co exist

Rationale of hormane therapy of prostatic cancer

Whatever the hormonal factors leading to its development the continued growth
of prostatic cancer once established depends on the presence of androgens  Their
withdrawal by castration or antagonization by oestropens causes regression of
growth  After a certain time however prostatic cancer develops autonomy and
no longer responds chimically to hormone therapy Although chimcally some
cases of prostatic cancer never show hormone sensitivity from the beginmng 1t 1s
possible that there 1s a phase 1n the life hustory of every prostatic cancer (and also
of every breast cancer) when 1t 1s hormone dependent although this phase may be
only transitory

Castration or oestrogen administration lead to atrophy of malignant prostatic
tissue with diminution 1n the blood supply Histological changes include dis
appearance of mitotic figures and lation of the pl: A ding to
Moore (1947) 1rradiation of the testes of patients with prostatic cancer also leads
to atrophy of the tubules and nterstial cells decrease 1n the unnary androgens
and relief of clinical symptoms although not as strking as that following orchidec
tomy Later work has shown that when the tumour escapes from the control of
oestrogens or of castration 1t can be fa bly infl d by adrenal y or
by hypophysectomy

To assess the benefits of androgen control therapy the results of Staubitz
et al (1954) are quoted They noted 63 8 per cent of § year survavals for treated
prostatic cancer without metastases and 45 5 per cent for those with metastases
compared with 10 8 per cent for untreated cases

Huggins classifies prostatic as esther androgen dependent or androgen
independent  Based on the conception of the tumour being stimulated by a high
androgen level he secks to eliminate or antagomize all sources of androgen mn the
body Castration removes the main source adrenalectomy removes a second
222




RECENT ADVANCES IN HORMONE CONTROL

steroids from the reticular zone of the adrenal cortex Hyperplasia of the adrenal
cortex 18 known to occur after orchid and after therapy (Stupley
and Meyer) and this may explan why approumately 50 per cent of relapses
1n these cases are benefited by adrenalectomy

The acid phosphatase secretion of the tumour and its metastases 1s to a certain
extent an indicator of the activity of lhe malignant cells Nevcrlhcless the control
of oestrogen dosage levels by acid h levels 1s not g ly considered
reliable The serum acid phosphatasc Tevel falls 1n the majonty of cases following
castration or oestrogen therapy but not so commonly after adrenalectomy

In comparnng the effect of orchidectomy and oestrogens Nesbit and Baum
(1950) 1n an analysis of ! 818 cases noted 53 4 per cent 3 year survivals for
orchidectomy 49 7 per cent 3 year survivals for oestrogen therapy and 66 per
cent 3 year survivals for combined therapy

RECENT ADVANCES IN HORMONE CONTROL

Cortisone therapy
Sprague ef al (1950) suggested that as cortisone admimistration leads to depression
of corticotropin secretion and atrophy of the adrenal cortex effects simlar to those
of adrenalectomy mught be achieved by 1ts use 1n hormone sensitive cancers  This
has been climeally confirmed and cortisone has the advantage that it simulates the
appetite and seems to wmprove haemopowests  Valk and Owen (1954) reported
clinical benefit 1n prostatic carcinoma from cortisone admumistration with a rise
1n the unnary gonadotropin level and a reduction 1n the serum acid phosphatase
level 1n the myjonty of cases They noted better results 1n the case of a well
differentiated prostatic carcinoma  The dose of cortisone suggested 1s from 200 to
400 milligrams daily for 2 weeks

Subjective benefit from cortisone including relief of bone pain can be expected
1n the majority of cases although ot signs of or
bone metastases are rare Long contmued admlmstrauon may even Iead to osteo
porosss It 15 used for re]apse of sy

P

or Ithough relief of p & y lasts for a few months
only and 15 not as plete as that fol y Nevertheless 1t 1s
useful for patients who are senously 11l and cannot stand a severe nperauve pm
cedure  Pearson ef ol (1954) mnd the of

carcmoma note that cortisone may be useful also for non oestrogen dependem
tumours where adrenalectomy has failed Corucotropm admimstration may also
be beneficial thus West ef a/ (1952) showed that corticotropin therapy given in
the presence of bone from may lead to relief of
symptoms and Segaloff (1954) reported that comcctmpm or cortisone admmimstra
tion led to cleaning of lung infiltration 1n 2 cases

It has been suggested that as cortisone can suppress adrenal secretion as
effectively as adrenalectomy a tnal of cortisone therapy is mdicated before
adrenalectomy 1s considered  Pearson s observation of the fall in uninary caleum
excretion after hormone therapy 1n the presence of osseous metastases has been
expanded 1nto a test for hormone dependency by Emerson and Jessiman (1956)
(see below)
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reports Reifi et al (1945) d rated a decrease n the uninary 17 keto
steroids following ad ration of methyl one Based upon expertmental
evidence they suggested that this decrease resulted from reduction of luteinizing
fhormone (LH) output and that androgen production both by the adrenal and
testss was under the influence of LH  Based upon this hypothesis Fig 12 represents
the possible interaction of endocrine controliers 1n prostatic carcinoma

It should be noted that the presence of prolactin 1s known to increase the
prostatic response to testosterone (Scott 1953) and Fiort et al have shown
that relatively low doses of prolactin stimulate the secretion of testosterone n rats
Scott showed that oestrogens inhibit the release of prolactin from the pitwitary and
the fact that prolactin 1s 1dentical with luteotropin mn the rat was suggested by
Evans ef al (1941) nd confirmed Ly many reports smmce  The evidence in the
human ss not so clear

If one assumes that androgen secretion and therefore relapse of symptoms 1n
prostatic carcinoma 1s controlled by the LH of the hypophysis the following
rationalizations are possible

(1) Relapse after long continued oestrogen therapy is due to eventual escape of
LH secretion and increased androgen secretion will follow

(2) Reactivation after castration 1s due to adrenotropin stimulating increased
androgen secretion by the adrenal and relapse after adrenalectomy 1s due 1o the
presence of aberrant accessory adrenal tissue

(3) Response to cortisone androgen or progesterone 1s due to suppresston of
LH  Cortisone may also have a direct effect on the mlignant cells apart from
possible suppression of prolactin or of somatotropin

Here again as 1n breast carcinoma_the pituitary secretion holds the hey to control
of the growth as the presence of prolactin appears to favour the prostatic response
to androgen and the luteinizing hormone of the pituitary may control androgen
secrehion from whatever source  Patustary somatotropin may exert « separate and
direct influence on the prostate

Oestrogen therapy and castratson

Following d 10 prostatic cancer there ts often spectacular
relief of symptoms pain from bone metastases sometumes being relieved after 24
hours  The daily dosage of stilboestrol recommended varies from 1 to 100 mill
grams and 1n 1953 Ferguson considered the higher dose level more efficacious when
the tumour b Ethunyloestradiol given at f5—'s of the dose of stil
boestrol causes less gynaecomastia and nausea (Stoll 1955) The use of TACE
(tr1 p amisylchloroethylene) has been recommended as having an oestrogenic effect
wathout any effect on the adrenals or the pitwitary Its proponents claim that 1t
avoids gynaecomastia and 1s longer acting than stilboestrol

Only about one third of cases fail to respond chinically to oestrogen admmstra
tion these cases having manly anaplastic carcinomas  Spread of the neoplasm
can be inhibited by oestrogens for up to }0 years i1n about 20 per cent of cases
although relapse occurs 1n the majonty after 2~3 years .

Ferguson and Franks 1n 1953 showed regresston of prostatic cancer on oestrog;n'
with ted logical evid of cell destruction It 1s possible thal
reactivation of neoplasm 15 partly due to the development of independence fm;ﬂr
androgens of the cancer cell but it may also result from increased secretion
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of radhoactine gold seeds snto the prtwstary via the nose and sphenordal sinus  In
30 cases there was no moriality or complicaltons resulting

Surgical hypophysectomy for hormone dependent cancer was introduced by
Perravtt 1n 1952 in the treavment of relapses after adrenalectomy  Most m\csn
gators report that hypophysectomy is a fesssevere p dure with Tess p P

discomalors and easier b than sfter adrenak Thc
operation not onh suppresses gonadal and adrenaf function with 'mophy of
accessory adrenal ussue but also removes the i of p

and somatotropmn  There s an dsate fall m the gonadotropin and p prot

ievelsinthe unine and chinscal thyrowd deficiency with a fall 1n serum protein bound
iodine Cortisone 50 mulligrams and somettmes thyrod 120 mulhigrams daidy
are gnen as replacement therapy  Chmeal manifestations of the disease regress
a tugh proportion of cases but improvement has been short Ined 1n the majorty
H)poph)stctomy 1s followed b) a regmssion 10 about half the cases recening a

Pearson c.' al (1954) rcponcd 1mprmemm¢ wn anzempa and cessation of osteo-
Yysis fol hypoph: w ad 4 breast cancer with bore metastases
Thesc authors make the mteresing observatton that an one case when beef pituitary
growth hormone was admunstered after the operation there was a temporary
increase i ostealysis sugeesting that prurtary somatotropn 1s an mmportant factor
Luft and Olnecrona (1935} reported improsement xn 17 out of 30 cases of breast
cancer following hypophysectomy with wtact ovary and adrenal gland  Andersson
(1956) reported that of 20 patients with advanced breast carctnoma treated by hypo-
physectomy pasn was completely relieved in 9 and the growth of metastases
retarded It 1 sugpested that faifure of relwef from hypophysectomy 15 due to
mcompleteness of the operation and only rarely to pituntary independence (Hadfeld
1956} as expenments show that prtwtary function rs re-established guickly if even
a tny portion of the gland 1s feft after operanon I the piutary dependence of

and cancer 1§ pted then no benefit from oestrogen or
androgen therapy would be expected after complere hypophysectomy and this is
the case 1n the few obsenauons noted so far  Theoretically too hypophysectomy
should yreld a summation of the benefits of castration and adrenalectomy as the

1s followed by yirtually lete atrophy of the genads and adrenal
comcal tissue but it 15 too early to establish this pomnt chmeally

Selective medical hypophysectomy bas been suggested as a possthility m the
case of breast carcinoma  Although both oestrogens and androgens have the
power to mnhibit antenor pituntary secretion both these hormones may have
unpleasant side-effects—pausea vomting and vienne biceding m the case of the
former and vinkzatton and flud retention m the case of the fatter  Therefore
2 search 15 proceeding for a material which will induce prtantary tatubition without
the undesirable cestrogenic effects so that it can be uscd akso m the younger azc
group without danger of actnating breast na report
the use of parahydroxypropiophenone for this purporsc {Stoll 1956) (hz results
hase been encouraping

FUTURE PLANNING OF HORMONE CONTROL
A planned 3 of b control in h Sensitive WWEToUrs requires
ledge of the end and bioct status of the patents including
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Adrenalectomy

The mtroduction of cortisone replacement therapy enabled Huggins and
Bergenstal in 1951 to report the results of bilateral adrenalectomy i the treatment
of advanced breast and prostatic cancer In cases of carcinoma of the prostate
adrenalectomy leads 1n the majonty to dramatic relief of bone pains but mn spite
of this radiographically the skeletal metastases usually continue to spread  The
operation 1s followed by a sharp fall in the 17 ketosteroid level and mcrease 1n the
urinary gonadotropin level but not always by a fall i the acid phosphatase level
It has been suggested that pain relief following adrenalectomy may be a result of
altering the entire endocrine response to stress and painful stimuli (Fischer Willlams
1956) as the pain reaction depends physiologically on an ntact sympatho adrenal
system It 1s of interest thit 1n some cases of advanced prostatic or breast cancer
showing temporary spo T necropsy has shown
metastatic replacement of the adrenal glands

It1s generally advised that adrenalectomy be performed 1n breast carcinoma after
failure of response to previous castration androgen or oestrogen therapy Huggins
and Dao (1953) stated that previous failure of these measures does not preclude
the hikelihood of response to adrenalectomy and this view ts supported by Taylor
et al (1953) On the other hand from their experience West ef al (1952) and
Pearson et al (1954) believe that cases not responding to oophorectomy or
testosterone admimistration do not respond to adrenalectomy

The operation 1s generdlly carried out concurrently with oophorectomy (if this
has not already been done) and even 1n the best hands 15 associated with a mortality
of about 5 per cent (Huggins and Dao 1954) It s followed by subjective reltef of
symptoms 1 about 50 per cent of cases but objective improvement in skin gland
wisceral or bone metastases 15 seen 1n only about half of these cases Reltef of
symptoms occurs from 1 to 3 weeks after operation the results are often dramatie
Relief may last up to 3 years but 12-18 months 1s more usual Whereas Cade
(1955) and Huggins and Dao (1953) observed that the results are better i well
differentiated mammary adenocarcinoma Galante ef af (1954) found that the
results are as good 1 the case of anaplastic carcinoma  In addition Huggins
found that the results are better i premenopausal patients and regards hot flushes
after adrenalectomy as a good prognostic sign ndicating over action of the
pitustary  In this respect Huggins and Dao (1954) noted that a high titre of oestro
gens m the urme before operation and a hgh level of gonadotropm following
adrenalectomy 1ndicated a good prognosis

The presence of accessory adrenal tissue which may be activated after adrenalec
tomy 1s suggested 1n the cases of Pearson ef a: (1954) some of whom required no
cortisone therapy after adr

Hypophysectomy

In 1945 Herbst and Saver suggested irradiation of the pttwitary gland in the
treatment of cancer but Kelly in 1951 reported that pitutary function cannot
be measurably reduced chmcally or biologically even by high doses of radio
therapy to the hypophysis Nevertheless implantation of radon seeds mto the
pitmtary and tne iyection of collordal radioactive phosphorus (Rothenberg et a/
1955) have been tried 1n some cases and relief of pain from bone metastases 11t
advanced carcmoma has been claimed  Greening (1956) reported on the mserion
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of radioactive gold seeds mnto the pituntary via the nose and sphenordl sinus  In
50 cases there was no mortaluy or complications resulting

Surgical hypophysectomy for hormone dependent cancer was ntroduced by
Perrault 1n 1952 1n the treatment of relapses after adrenalectomy Most invests
gators report that hypopt y 15 a Jess severe procedure with less post operative
discomfort and easier hormone than after adrenal The
operation not only suppresses gonadal and adrenal function with strophy of
accessory adrenal ttssve but also removes the controlling influence of prolactin
and somatotropin  There is an immednte fall i the gonadotropin and prolactin
levels in the urine and chnical thyroid defictency with a fall m serum protein bound
1odine  Cortisone 50 mulligrams and sometimes thyrosd 120 milligrams daily
are given as replacement therapy Climcal mamifestations of the disease regress in
a hlgh proportion of cases but ymprovement has been short lived i1n the majonty
Hypop y 1s followed by a r in about half the cases receiving a
remission from previous adrenalectomy

Pearson et aI (1954) reported 1mpmvemenl 1n anaemia and cessation of osteo

lysis g m ad d breast cancer with bone metastases
Thesc authors make the mteres\mg observation that in one case when beef pituitary
growth hormone was ed after the there was a

Y
1ncrease 1n osteolysis suggesting that piturtary somatotropin ts an important factor
Luft and Olivecrona (1955) reported improvement 1n 17 out of 30 cases of breast
cancer following hypophysectomy with mfact ovary and adrenal gland  Andersson
(1956) reported 1hat of20 patients with advanced breast carcinoma treated by hypo

pain relieved 1n 9 and the growth of metastases
retarded It 1s suggestcd that failure of relief from hypophysectomy 1s due to
ncompleteness of the operttion and only rarely to pituitary independence (Hadfield
1956) as experiments show that pituitary function s re established quickly if even
a tiny portion of the gland s left after operation If the pituutary dependence of
y and cancer 1s d then no benefit from oestrogen or
androgen therapy would be expected after complere hypophysectomy and this 15
the case in the few observations noted so far  Theoretically too hypophysectomy
should yreld a summation of the benefits of castratton and adrenalectomy as the
operatton 1s followed by virtually complete atrophy of the gonads and adrenal
cortical tissue but 1t 1s too early to establish thrs point chinically
Selective medical hypoph has been dasa bility 1n the
case of breast carcitnoma  Although both oestrogens and androgens have the
power to mhibit antersor pituttary secretton both these hormones may have
unpleasant side effects—nausea vomuting and uterine bleeding 1n the case of the
former and vinhzation and flud retention in the case of the latter Therefore
a search 15 proceeding for & matertal which will induce pituttary mhibition without
the undestrable oestrogenic effects so that 1t can be wsed also 1n the younger age
group without danger of activating breast carcinoma  In a prelimunary report on
the use of parahydroxypropiophenone for this purpose (Stoll 1956) the results
have been encouraging

FUTURE PLANNING OF HORMONE CONTROL

A planned mvestigation of hormone control in hormone sensitive tumours requires
knowledge of the endocrine and brochemical status of the patients ncluding
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Ocstrogenie androgemie status

The oestrogenic-androgenic status of patients with advanced mammary or pro-
static cancer should be determined as a prelimmary to institution of hormone
therapy  Both broassay and chemical analysis of urine should be made and cor
related both with the rate of cancer growth and also with the chmcal effect of
different types of hormone therapy such as sterord admmistration castratron
adrenalectomy and hypophysectomy

In 1931 Pincus and Griubard showed higher uniniry ocstrogen fesels 1 post
menopaus st patients with breast cancer than in normal patients of the same as
group  Smuth and Emerson (1954) confirmed this finding and noted that cortisone
admimistration or surgical castration lowered these levels to normal  Struthers
(1956) on the other hand by assay of saginal cormification suegested that there is
no greaer ocstrogen production i patients with breast carcinoma after the
menopause

Esnmanen of urinar) excretion of prtutory hormones

E: of urinary dotropin prolactin or somatotroptn excretion should
be carned out and may be related 1o the hormone dependency of breast cancer
In this respect Hadfield (1956) uwsing a new method of unne extraction has
imvestigated a mammotropic factor (present sn human premenopausal vrine
and in the urine of 50 per cent of postmenopausal women) which has no oestroeenic
actinity and disappears after hypophysectomy It 1s demonstrable by 1ts sumu
lating effect on the mammary duct system in mice and 1ts presence according 10
Hadfield indicates a putwitary dependent tumour  Scowen and Hadficld (1955)
found that although may 1nfl tumour r ted with
fall 1n the oestrogen or gonadotropin levels there 1s often no chanee 1 ocstrogen
or gonadotropin levels in the unne following adrenalectomy  Therefore some
other pitwtary hormone such as prolactin may be of greater importance  Secalofl
et al {1954b) showed that 1 good prognosis from equinelene adminnstration in
mammary cancer was associated with 1 fall in uninary prolactin excretion and a
bad prognosis with a nise

Andersson {1956} tn his report on 20 cases of hypophysectomy for breast cancer
suggested that somatotropin is essential for the growth of metastases  Actnation
of lysis by the ad; auon of opin after hy pophysectomy (Pearson
et al  1954) mertts fucther i estication

Calewun metabolism

Spontancous hypercalcaema 1s often noted 1n the presence of bone metastases
1n these tumours and may be increased by androgen or oestrogen admurustration
A mise 1n the serum alkaline phosphatase and a fall in the serum phosphorus has
been noted with successful hormone therapy (Pincus 1956}  The report of Emerson
and Jessiman (1956) that chinges tn the unnary calcium exeretion can be wed to
determine the hormone dependency of mammary or prostatic cancer in the
presence of bone metasiases has given a method of predicting 1n advance the
response to operation such as adrenalectomy

Retosterord and ketogeme steroid excretion
Investigation of ketosteroid and ketogentc sterotd excretion before and after
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CHAPTER 18
ENDOCRINE TREATMENT OF
GYNAECOLOGICAL DISORDERS
P M F Bisuor

INTRODUCTION

Fok soME years now thete has been no major advance o the endoctine treatment of
gynaccological disorders and 1t scems unltkely that there wall be unul the mechan
1sm of ovulanon and its control in the human being ss better understood and untl

such 1 knowledge can be fated into practical therapestics
Nevertheless there are some solid achicvements 1n lhlS field Three examples are
the p tion of d by the arrest of metro-
pathic bleeding and the p of future des by wnd

prog

withdrawal bleedings and “the rehef of menopausal symptoms Thouph the

chmeian may have been batren of new ideas the pharmaceutical chemist has tn

contrast been most acuve S)ncc 1950 a conniderable number of new oestrogensc
ds have been

CHOICE OF OESTROGENS

Synthetsc compounds with munsmal side-effects

Such a compound has recently been mtroduced and reported upon by Sturnick
and Gargll (1952) it 15 methoxy naphthyl dimethylpentanme acid and s referred
toas walfestn] It 1s a desivative of allenolyic acid one of the group of carb-
osyho acid compounds  The dose required about4 5 mithigrams daly for controt
of menopausal symptoms 15 greater than that of other synthetic oestrogens but the
compound 35 clammed to be singularly free of side effects and no patent 1 the
authors sertes has expenienced oestrogen withdrawal bleeding on discontinmng
treatment  One patient complamed of nausea when taking 7 5 mulhigrams daily

Potent natural oestrogens

Attention was first directed to unnary extracts by Marnan (1930) who had
already 1solated oestrol from thus sousce  Oestriol gly curomde veas one of the earlsest
oestrogens to be given a chimeal tnal and other water soluble conjugated oestrogens
were sought ln the unne of pregnant mares  One of these sodum oestrone sulphare
was y by and K {1939) A muxture of
these eguine consugared oPSIrOan: {Premarin) was put on the market 10 Canada
and eventually disinbuted in Great Brtasn - However the demand was so great
m the North Amenican contisent that supplies became unavalable 1n the Unsted
Kingdom  the preparation has only recently been remntroduced here It s a
Inghly potent oral natural oestrogen and was found by the present author and hss
colleagues 1o be half as zctive as stilboestrol
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Further studies have been made with compounds similar to equine conjugated
oestrogens  Synthetic sodium ocstrone sulphate and piperazine ocstrone sulphate
huve been studied in 58 menopausal women by Perlofl (1951) who found them
hlg!ﬂy cflective an aserage daly doses of about 2 milligrams with fow incidence of

ble side-eflects  Perlofl dered that sodium oestrone sulphate has an
acuvity similar to equine conjugated oestrogen and suggested that 1t 18 the actne
agent of the comjugated compound  Kupperman ef af (1953} howeser found
equine conjugated ocstrogens to be considerably more potent than sodium or
piperazine oestrone sulphate  Reich ef af (1952) studied the effect of piperanns
Iphate on 100 P 1 women and found that dulv doses of from
075 to 6 75 milligrams were required depending on the seventy of the symptoms
In 2 patents profuse withdrawal bleeding occurred despite the fact that intenvals
were allowed to elapse between successive courses  No siemificant adiantage was
seen when piy oestrone sulphate was combtned with an androgen  Some
patients are offended by the odour of the niturally occurring equine comugated
gens and pig oestrone sulphate is sard to be odourless  Anadvantaze
of these water soluble oestrogens 1s that they are most effectively absorbed when
admimistered topically for instance as alotion or cream apphied 1o the shin in cases
of acne  Furthermore they can be tnjected intravenously which considerably
accelerates therr haemostatic effect in cases of alarming bleeding 1n metropathia
haemorthagica

Long acting ocstrogens

For some ttime there has been a vogue especially in the United States of America
for long acting steroid preparations  Pellet implantation has gone out of fashion
though 1t would seem to the author to be the most economtcal and cffictent form
of long-continued substitution therapy  He would agree that there are few 1f any

d for 1t 1n gy logy Pr d ad of oestrogens will
usually induce P bleed and prolonged androgen therapy hirsutism
or voice changes  Furthermore 1n the case of oestrogens where there are com
pounds which are effective when given by mouth there seems to be no particular
advantage 1n submitting the patient to intramuscular 1njection merely to achicve
aprolonged effect  For this an appropriate ester must be found and a considerable
number of such esters are on the market  Another method 15 to 1nyect a crystalline
aqueous suspension of the hormone  In Great Britamn at the present ime ocstradiol
cyclopentylpropionate oestradiol valenanate and oestradiol undecylate are avail
able for cinical use

Robinson (1953) has reported on the use of oestradiol cyclopentyipropionate on 253
menopausal patients followed for more than a year It was usually admmstered

n with Top Single of the
oestrogen 1n doses of 1-3 milhgrams brought relief for 3-6 weeks and were not
d by any side-effects or withd 1 or break through bleedings when

Y
given tn combnation with the androgen  The majonity of the women were recewving
i ) of

of promonate and 1
cyclopentylpropionate once every 4 weeks This caused hirsutism 1n some cases
Schwartz and Soule (1955) studied the effects on the vaginal smear the menopausal
symptoms and the duration of onset of oestrogen withdrawal bleedng after a single
njection  From this they that 25 of diol
propionate rematned effective for from 30 to 36 days and
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bleeding and tenderness and swelling of the breasts i about half the 21 cases treated
A dose of 5§ miligrams remained effective for 24 days but produced no symptomatic
relief and caused withdrawal bleeding 1n 1 out of 9 cases  In comparison the duration
of response to 5 milligrams of oestradiol benzoate or diproptonate was 17 days and
only a weak response was achieved  Studying the effect on vaginal smears 1n the meno-
pausal patient Wied (1954) claimed that 10 mull diol valerianate

effecttve for about 3 weeks

A fat soluble oestrogen

The synth dtrip Ichl hylene (chlorotriamisene or TACE)
15 a pro oestrogen which 15 stored mn the body fat and converted by the hiver into a
potent oestrogen  Because of 1ts storage in the fat depots 1t 1s claimed that 1t s
teleased pradually and constantly to the nissues thus providing a smooth and
prolonged effect and that 1ts release 1s 1n gradually dimumshing concentrations
so that 1t imutates the waning of ovarian function at the climacteric and 1t lessens
the tendency to oestrogen withdrawal bleeding

Rothchild and Keys (1952) found that 4 daily doses of 6-12 milligrams of TACE
produced complete cornification of the vaginal mucosa but that |hcse doses were no
more lasting 1n effect than when other oral such as eth 1 were
given  Benson and Garetz (1953) who described this compound asan  oral implant
found that doses of less than 24 mulligrams datly do not produce a pro]onged effect
In the lower doses they thd I bleeding was ¢ d 1n some cases
Gillam et al (1954) studted the effect of TACE on 53 menopausal patients in doses of
24 milligrams daily for 2 weeks followed by 12 mulligrams datly for another 2 weeks
Hot flushes were relieved tn 49 out of 51 cases In 14 cases hot flushes returned
within 743 days after the end of the course so that a second course was required
Side effects were uncommon but 1 2 cases heavy withdrawal bleeding requining
curettage was experienced Woodhull (1954) studied the effect of this compound 1n
87 menopausa) cases with hot flushes  The usuat dose was 12-24 mithgrams daily by
mouth for 1-2 months and symptomatic relief was obtained 1n 91 per cent of the cases
The duration of effectiveness was varable being longer the less sevese the symptoms
the average dusation of relief was 3 months  In 39 per cent of the patients symptoms
did not return suffictently severely to require a further course of treatment duning the
pertod of observation which was from 3 to 14 months Out of 71 patients with a
natural (as opposcd to artificial) menopause there were only 3 instances of withdrawal

he

bleeding Woodh d on the h of action of the compound and
the patient s sense of well betng whlch was grezter than that obtained with other
The author s s that or break through bleeding

15 the rule rather than the exception and n 2 cases has necessttated admission curettage
and transfusion

Prturtary stimulant with mimmal oestrogeme actmty

Werthessen and Gargll (1945) having found that certain ethers of stilboestro!
and 1n particular the monobenzyl ether showed a marked prtuitary potentiating
capacity 1 rabbits undertook clinical trials with this compound (Werthessen and
Gargill 1952) 1n 10 menopausal women and 1 case of ovarian agenests used as
controls stilboestrol had prekusly suppressed symptoms comlﬁed the vaginal
mucosa and lowered urinary g phin levels The b 1 ether how
ever 1n the doses given showed no oestrogenic effect according to these criterra
The experimental group consisted of 18 patients with secondary amenorrhoea of
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at fewst a year s durition who were anvious to become pregnant  Several had
recenned simulng doses of deep X rays to the piuttary ovanes or both  Each
patient was given an anjection of | milhgram thrice weekly for 3 weeks  Nane
patients recenved one course only 1nd faled to menstruate  The rematning 9
menstruted after a second or third course 5 of these resumed cycheal menstruation
and 3 bee sme pregnant  An additional panent treated with the monobenzyl ether
1n duly doses of 4 S milligrams for 20 days cach month ovulated after the fourth
month 1nd becam~ pregnant a month later Jungek and Brown (1953) deny th

absence of acstrogenic efect and found that 3 milligrams of the monobenzyl ether
given by mowh for 10 days produced cffects on the saginal smear of menopausal
women simir to those obtained by 1 milligram stilboestrot

NEW PROGELSTOGENIC COMPOUNDS

Tt w15 commonly behieved that progesterone 1s effectine only when admimstered
by ntramuscular injection and indeed the P d 17-a cthim]

sanously nown 1s anhydrohydrovy progesterone preencnunolone  cthinyltesto-
sterone or ethisterone s 1t 1s referred to by the Briush Pharmacopoen (1949) 1
commonly employed when an oral pr ts requured which p pro-
gestogenic properites  Greenblatt ef af (1990) however have studied the effect of
£ning progesterone by mouth i doses of 80-100 mulligrams daily for 5 days 1o
amenorrhocic women some of whom had been previously primed wath oestrozen
Withdrawal bleeding occurred follow ing 90 per cent of the courses gen thougha
tot! of 400-500 milligrims over 1 period of 3-5 days was nsufficient to induce
secretory changes in the endometrium 1n one case  Greenblatt (1956) howeser
subscquently pomted out that oral progesterone was only 1 third to a fifth as
effective as cthisterone and that ethisterone was only a fifth as effective as parenteral
progesterone A new orally actine compound 17-a ethiny! 19 nortestosterone
(noretlusterone) has now been introduced and Greenblatt (1956) found that it
would produce withdrawal blecding with as small a dose as 50 mullizrams over &
period of § days and would tnduce secretory endometrial changes with a total
dose of 170 milligeams over a period of 12 days  He estimated that this compound
w1s about twice as active s ethisterone and about half as effective as parentertl
progesteronc  Ferin (1956) has reported on an even more potent oral—or rather
sublingual—progestogen 17 methy! 19 nartestosterone (17 « methyl 17 B hydroty

1

3 keto oestr 4 ene h lone or methyinortestosterone)  The cniterion
used was the production of subnuclear vacuolation tn the epithela! cells of the
d 1l glands an ind of a massive glycogen load wiuch ts present

only 1n a progestational endometrium  Ferin claims that methylnortestosterone
15 150 times as active as ethisterone when given by the sublingual route and about
10 times as active as progesterone by njection

‘The vogue for depot therapy affected the progestogens as well as other steroids and
aqueous suspenstons of mucrocrystals of progesterone were claimed to be more effectve
than an intramuscular injection of an oily solution because the depot effect of the
crystals led to better utilization as the result of slower absorption over longer periods
Masters ef al (1952) compared the effect of these two preparations in producing with
drawal bleeding and end 11l changes in 1l women primed with oestrogen
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and concluded that the oty solution was at Jeast 4 times as effective and produced a
more advanced luteal effect on the endometnium

1t has been pointed out that one method of prolonging the effectiveness of these
sterosd hormones 1s to estendy them  Progesicrone contains no hydroyyl groups and
therefore cansiot be estenfied 17 hydroxyprogesterone has no p it activity
however when it 1s estertfied with acetic or caprose acid striking progestogere effects
ate produced  Dawis and Wied (1955) compared the resuits produced by a single
mjection of 350 of 17 a hy proate with lhosc of pure
P maol 3 trated women p ty primed with
The was 4] d d with the p W 1 bleeding
occurred from 14 to 19 days after admamsiration cfrhe ester and only a week after the
pure and the was fully secretosy when the ester was given
and practically non secretory when the pure compound was used

ANDROGENIC PREPARATIONS

Thc two original androgens m usc were tcs(ost:mne propionate a parenterally
ester with a iy p ged effect {1y are given thrice
teace or even once weekly) and mclhylttstosterone which 15 orally effective
Modern trends have been concerned with the elaboration of long acting androgens
and of those without vinhzing side effects A number of Jong aching androgens
are now on the market Great Bmam among these are tesmstcwnc phenyl

prop testoSteron: and
1estosterone hemhvdrobenzoate
According to Lloyd and {1951)
projongs the duration of effectivencss to 28 days ormore Ott ez al (1952) compared
the of with that of testosterone

propionate and found that the former was much more active and with an androgenmc
effect several imes more prolonged
Since it became recognized that androgens were capable of causing nitrogen retention
& search has beess made for compounds whlch arc pxedommam!y pmlcm anabohc
with relatively feeble propertes  Methyl
by Runcka ef of {1935) and was found 1m ammal studics o be a nlanvcly feeble
androgen though its anabohe properties were established m ammals by Gordan er af
{1950} They stated that 1t caused wesght gam and mirogen reteation in human subgects
(Gordan er of 1951) Hall {1951) reported on the treatment of 53 women with
methylandrostenediol  He found no signs of virthism o ucsutism such as would be
expected to dcvdnp n at Jeast a few of the patients if they had been treated with
1 patient totaiof2 £00:
m2 mnmhs] Panndgc eraf (1953} performed careful miroget potassmm and phos
vhotus balance studies as well as chnscal observations en a small group of patieats
and concluded that a dose of 200 mulligrams or more daily by mouth was required to
induce sigaificant anabolic effects and that 1n such doses androgenc mantfestations
would be the same as those to be cxp:ctcd with comparable doses of testosterone
They dered that offered no clinical advantages
oves (cstosm‘onc prcpamxons Foss (1956) using methylandrosteoediol i doses of
60 dasly 1 the of panents with of the breast
found it almost as virthzing as testosterone propumaty or methylestosterone m
comparable doses
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ENDOCRINE TREATMINT OF GYNALCO! GGIC AL DISORDERS
FUNCTIONAL UTERINE BLEEDING

The theripeutic objects to be achicved 1n this condition are to stop a prolonged
bout of heavy bleeding in cases where ovulation 1s not taking place and to prevent
1ts recurrence and to modify the excessine bleeding (menorshagta) which some
umes charactenizes ovulatory cycles

Ocstrogen ** haemostasis *

One method of arresting the bleeding of a hacmorrhagic episode 1s to admmuster
oestrogen intensively over a short period of time  This method was iatroduced by
Karnaky (1940) who recommended from 10 to 25 millicrams stlboestrol esery
15 minutes unti! the biceding stops usually within 4 6 hours  The régime has been
modified by a number of workers and the author now gives 0 2 milhieram ethiny!
oestradiol every 2 waking hours until the bleeding 1s appreciably cheched  This
1s usually within 1648 hours  Greenblatt and Barfield (1951) reported on the
use of the water soluble equine conjupated oestrogen grven mtravenously 1n doses
of 20 milligrams (as standardized 1n terms of sodium ocsirone sulphate) every
6-12 hours for 2-4 doses  Later (Greenblatt and Barfield 1952} they recom
mended that the injections should be ginen every 4-6 hours  The withdrawal
bleeding which would be expected to follow this treatment was prevented the
majority of cases from occurning by givang equine conjugated oestrogen by mouth
in diminsshing doses from § 10 1 25 milligrams daily for the next 25 days Bleedine
was arrested or reduced by the intrasenous therapy n 84 2 per cent of 57 courses
given 1n cases of functional utenine bleeding  Greenblatt and Barfield (1952) also

suggested another method which tn their hands was even more satisfactory An

1 of a bination of 1 66 milhg oestradiol benzoate
25 mll prop and 25 mlhg progesterone was given
daly for 5 days  Blecding was usually arrested withm 6-48 hours  If the bleeding
was very severe the dose was doubled The authors clumed that this reatme

controlled nearly 90 per cent of all functional bleeding

Progesterone withdrawal bleeding

It scems well established that natural menstrual bleeding results from the
withdrawal of the influence of oestrogen and progesterone Provided that the
endometrium 1s primed with oestrogen sut d) 1on of T
should lead to withdrawal bleeding a few days after 1t 1s discontinued Albnght
(1938) described this procedure asa  medical curettage In the author s hands
this has proved a most satisfactory method of indefinitely postponint the next
metropathic bleeding episode 1n metropathia haemorrhagica A course of datly
snjection of progesterone 25 mulligrams 1s given for 4 days once every 28 days
In the majonity of cases a withdrawal bleedine usually resembhing a normal penod
follows 2 or 3 days after each course The same effect can often be obtained by a
course of ethisterone in daily oral doses of 50 milligrams for 10 days

McArthur (1953) stressed the value of examining vaginal smears in selecting the cases
which should be expected to respond to this regime  So long as a good cornification
index 1s present 1t can be assumed that the endometrium has been adequately primed
by endogenous oestrogen in which case withdrawal bleeding should take place follovgng
the administration of progesterone alone If the vaginil smear shows poorly cornifies

236




FUNCTIONAL UTERINE BLEEDING

cells endogenous oestrogen priming may be inadequate 1n which case the events of the
normal ovanan cycle should be imitated by giving ocstrogen and following this by

o and
Holmstrom (1954) advocated adoption of the principle of progesterone withdrawal
bleeding 1n the treatment of anovulatory cycles  He aduised a single tjection of either
25 or 50 rithirams progesterone which he clarmed converts a proliferative endometrium
mto a sceretory type with shedding about 4 days Jater  The single ingection of pro
gesterone 1s then repeated on either the twenty fourth or the thirtieth day of subsequent

cycles until there 1s evidence that 15 ly Few perhaps
would agree that the progesterone inttiates the senal reactton which results 1n sub
sequent spontaneous ovulatory cycles  In fact of

haemorrhagica 1n the absence of treatment 1s 3 common expertence

Cyclical hormone therapy
This consists of ad of small physiol 1 doses of

for the first 2 or 3 weeks of the cycle followed by progesterone during the lhud
week  There 1s no standard dosage but the objective 1s to imutate the events of the
normal ovarian cycle 1n cases i which it 1s believed that the ovary 1s producing
too Iittle oestrogen  The author sees litile advantage 1n the preliminary oestrogen
unless the endometrium 1s so atrophic that it 1s unlikely to shed following pro

gesterone administrahion

Oestrogen therapy to prevent bleeding
This 1s what 1s referred to by many Amencan authors s oestrogen haemo
stasis  though in Great Britain the term 1s used for the intenstve oestrogen therapy
already described and designed to stop bleeding (Bishop 1951)  Its object 1s to
raise the eﬁ'ectlve oestrogen level above the bleeding threshold  and here 1t
bl le of the as practised mn Great Britarn
Its further DbjcCt 1s to suppress gonadotrophin release by the pituitary preventing
stimulation of the ovary and so producing as Allen (1951) believes a temporary
castration effect It 15 usual to ad the 1n relatively high doses—
about 5 milligrams stilboestrol or 1ts equivalent—daily for the first 3 weeks of
each cycle a withdrawal bleeding occurning a few days later It 15 wise to allow
2 week to elapse between successtve courses

Androgen therapy
Huffman (1953) suggests that androgens drmimish pituitary activiry and thus

halt the ovanan and end 1al cycles It 1s doubtful whether they act in this
way n the small doses usually employed and they may have a direct effect on the
endometrium or its vessels The author ad oral methyl ne in

daily doses of 10 milligrams for 2 months allowng at least a month to elapse
between successive courses It 1s often unnecessary to repeat the course for several
months Androgen therapy seems to be especially useful 1 cases of menorrhagia
with ovulatory cycles

SWYer (1956) found that he obmmed better results by giving a combrnation of 10
and 30

daily
for a week before the expccled onset of the period until the third day of bleeding
than when he gave 10 mulligrams methyltestosterone alone The author has found
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t difticult to get the correct tining with such & régime because the cycles are often
shorter than expected  He believes that a more effectnse diminution of menstrual loss
can be ob g by givang androg fy for 2 months and that with this plan
the loss remans tolerable for a number of sutsequent cycles

ANOVULATORY BLEEDING AND THE
INADEQUATE ENDOMETRIUM

It 15 the opinion of those with much experience of tretting amenorrhoea and
anovulation that 11 s hardly worth while except an an altempt 1o orvercom
mvoluntary inferthity  Nevertheless  papers claiming successful results do
occisionally appear but few in which the disappomting results are stressed
Individual therapeutic regimes vary considerably

Oestrogen therapy

The commonest method of using oestrogen 1s to employ just sufficient to nduce
withdrawal bleeding tn the hope 1hat 1t witl release pituitary gonadotrophn as
indicated by the studies of Brown ef af (1953) This may be achtesed with about
1 miligram stilboestrol or its equnalent darly for 2 or 3 weeks It s uspal to
give about 3 courses and determine whether ovulatory cycles oceur subsequently
Some authors advocate  hooster  oestrogen therapy to snduce or  Improve
ovulition

Paschhis ef al (1954) mention doses of 0 1-0 25 mulligram stlboestrol for 3 days
before the expected ime of ovulation to release luteimzing hormone and induce
ovulation 1n patients with  slow nising  basal temperature cunves  Metr er af (1959)
gave 1 gradually increasing dose (for example from 1 25 to 2 § milligrams equine
conjugated ocstrogen) from 2 to § days ending on the tenth or cleventh day of the
cycle 10 producea  more normal  ovulation  Another device has been to adminster
alarge dose from S to 10 milligrams stilboestrol on about the erghth dav of the cycle
to suppress and sub: Iy release T asa rebound cffect and in
order to induce ovulation

Oestrogen progesteronc therapy

This consists 10 grving oestrogen first and then oestrogen and progesterone 10
mtate the events of the normal ovanan cycle  Siegler (1952) treated 36 panients
complaiming of wferulity and anovulatory cycles with ethinyloestradiol 0 15
milhgram daily for 20 days and from 20 to 60 mulligrams of oral progesterone
from the fourteenth to the twenty fourth day of the cycle with the result that 12
patients ovulated and 2 became pregnant  Paschhis ef af (1954) added for the
last 10 days 20-50 mmiligrams ethisterone to their 21 day stilboestrol regime
on the basis that progesterone makes the ovary more responsive to gonadotrophic
stimulation Combinations of oestrogen 1nd progesterone are on the market both
1n oral and parenteral form These are to be given for 3-5 days each month 1n
amenorrhoea to induce withdrawal bleedings or commencing on the twenty
second day of an anovulatory or nadequate cycle with the ulttmate object of
inducing normal ovulatory cycles

Progesterone therapy
The belief 1s held that progesterone 1s more effective than oestrogen in stimulatuing
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subsequent ovulatory cycles  In amenorshoea of not more than 6 months
standing 25 or 50 mithgrams progesterone may be injected daly for 3 days at
monthly mtenals or from 30 to 50 milhigrams ethisterone given daty by mouth
for 10 days commencing 2 weeks before the expected onset of the penod i anovu
fatory cycles  hambrough and Isract (1950) adwised injecting 50 muthigrams
progesterone on the tenth twelfth fourteenth and sivteenth days of the cycle in
cases of anovulatory bleeding and repeating the course for 3 successnve months

Gonadotrophin therapy

Though most authonties agree that gonadotrophms are disappownting in the
treatment of ovulatory falure thete are 2 number of reports in which success has
been clamed A course of follicle simulating hormone 1s followed by chortome
gonadotrophm 1n low dosage such as 400-500 tu (mternational umts) of an
mract of pregnant mares serum for about S mections folloned by 5001 u of

on days for 3-5 injections

Alternatively gonadotrophin therapy can be gwven tn relatively fugh doses according
to the Rydberg techmque (Rydberg and Madsen 1948) rx whuch 30005 u of pregnant
mare serurn dady for 5 igections are followed by 1 500 1u on alternate days for 3
ngecons  This may be repeated at monthly sntervals  About 50 per cent of the
women with secondary amenorrhoea o thar gronp became pregnam withun & months
of such treatment

These high doses occasionally induce intense activation of the ovanes which can
become considerably enlarged owing to the formation of numerous corpora haemor
rhagwa From these doses bleeding imo the penitoneal cavity may occur producing
an acute abdorinal emergency 3 thus should happen every effort must be made to
presesve as much ovanan fissue as possible 1 the hope that «t may subsequently
function normatly

Kaullander (1952) treated 67 wornen vath secondary amenorrhoea with total doses of
from 5000 to 10000 v u of pregnant mare serum and from 2000 to 500 v of
chorionx. gonadotrophin with the result that 30 subsequently had ovulatory cycles
and 12 became pregaant It showld be noted however that of S untreated patients
2 subsequently ovalated and 1 became pregnant

3t 15 smportant to estimate the unnary gonadotrophuns before embarking upon

gonadotrophun therapy for it should be applied only to cases m winch they are
low or absent

Cortisone therapy

Based on the observations of Wilkins ez af (1952 that m congemital adrenat
hyperplasia cortisone therapy femimigs the pauents and induces normnl ov\xlamrj,
cycles the wdea has been apphed to the and d
wosmen with simple larsutism - Yones ez 2l (1953) trcated 8 patients with folhcuhx
phase defects  abnormalsties of the prolferative phase and of ovulation or both
with 50 miltsgrams cortisone daily for a man\h and 25 mxlhgrams dally thercaner
These patients were suff from
steniity and were moderately obese some had acne  Therr 17 Lemsteroxd lcwls
were at the upper hmits of normal or shghtly rased  In every case ovulatory
cycles resuited and the 17 ketosterord level fell  In 2 cases the remssion was
permanent and 3 of the 5 martied women became pregnant

239




ENDOCRINE TREATMENT OF GYNAECOLOGICAL DISORDERS

1t difficult to get the correct timing with such a regime because the cycles are often
shorter than cxpected  He belieses that a more effectine diminution of menstrual loss
can be ob by gving and, ly for 2 months and that with this plan
the loss remains tolerable for a number of subsequent cycles

ANOVULATORY BLEEDING AND THE
INADEQUATE ENDOMETRIUM

It 15 the opinton of those with much experience of treating amenorrhoea and
anovulation that 1t 1s hardly worth while except 1n an attempt to overcome
voluntary infertility  Nevertheless papers claiming successful results do
occasionally appear but few in which the disappointing results are stressed
Indwvidual therapeutic regimes vary considerably

Oestrogen therapy

The commonest method of using oestrogen 1s to employ just suffictent to induce
withdrawal bleeding 1n the hope that 1t will release pituitary gonadotrophin as
indicated by the studtes of Brown e af (1953) This may be achieved with about
I mihigram stilboestrol or 1ts equivalent daily for 2 or 3 weeks It 15 usval to
give about 3 courses and determine whether ovulatory cycles occur subsequently
Some authors advocate  booster oestrogen therapy to induce or  1mprove
ovulation

Paschkis er al (1954) mention doses of 0 [-0 25 milligram stilboestrol for 4 days
before the expected time of ovulation to release Iuteinizing hormone and induce
ovulation in patients with  slow rising  basal temperature curves  Werr ef af (1954
gave a gradually increasing dose (for example from 125 to 2 5 milligrams equine
conjugated oestrogen) from 2 to 5 days ending on the tenth or eleventh day of the
cycle to producea  more normal  ovulation Another device has been to administer
alarge dose from 5 to 10 milligrams stilboestrol on about the eighth day of the cycle
to suppress and sub: ly release as a rebound effect and n
order to induce ovulation

Qestrogen progesterone therapy

Thts consists 1n giving oestrogen first and then oestrogen and progesterone 10
imutate the events of the normal ovarian cycle  Siegler (1952) treated 36 patients
complaming of ifertihty and anowvulatory cycles with ethinyloestradiol 0 15
mulligram datly for 20 days and from 20 to 60 mulligrams of oral progesterone
from the fourteenth to the twenty fourth day of the cycle with the result that 12
patients ovulated and 2 became pregnant  Paschkis er af {1954) added for the
last 10 days 20-50 mulhigrams ethuisterone to their 21 dav stilboestrol regime
on the basis that progesterone makes the ovary more responsive to gonadotrophic
stimulation  Combinattons of oestrogen and progesterone are on the market both
1n oral and parenteral form  These are to be given for 3-5 days each month 1n
amenorrhoea to tnduce withdrawal bleedings or commencing on the twenty
second day of an anovulatory or madequate cycle with the ultimate object of
inducing normal ovulatory cycles

Progesterone therapy
The belief 15 held that progesterone 15 more eflective than cestrogen in stimulating
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been the author s experience nos that the treatment if prolonged causes any
permanent damage to the mechamsm of the pitwstary control of the ovary

Other methods have been supgested  Filler (3951) advocated 30 mulligrams
methyliestosterone dmly dunng the 6 daya befote ovulation and was successful in
aff of 34 cases  Hughes (1959} has used androgen therapy duning the ovulatory
phase but prefers oestrogen suppression of ovulation  hupperman and Goodman
{1933) reported on aadrogen therapy dunng the ovulatory pertod gtving 30 muil
grams methyltestosterone or S0 miulligrams methylandrostenediol for 6 or 8 days
starting on the exghth 1o tenth day of the cycle with excellent results 15 43 of

49 pattemis  Owvut was not inhibited and the h of the therapy was
not clear
ENDOMETRIOSIS
Androgen therapy
The first reports of the endocrine of end: were fined to

the use of andragens  Hirst (1943} summanized the literature up ta that tune and
advocated this type of treatment sn advanced cases 1n which radical surgery was
contra ndicated  In 1947 he recommended injectrons of from 150 o 225 mulh
grams of testosterone propionate over a pertod of 2-3 wecks followed by oral
miethyliestosterone i darly doses of 10 mthgrams For up to 3 or 4 years  Green
blate (1952) preferred peliet mmplantation 1n the form of thres 75 mudligram pellets
of tstosterope and recommended keeping the patient under the mfluence of
androgens for up 1o 2} years despite the appeatance of lorsutism acne eniarge
ment of the chiors and deepeming of the voice It s claimed that thus freatment
reduces the pam and tendemess and the actu:xl size of large cystic avarian endo

metriomas It s knowa that and ation wilt fead to
mmphy of the normal endometrium and presumably that 1s how it brings about
the in size of the late cysts 1t should be emphasized however

that this atrophy 15 anly temporary and that endometrial growlh wilk recur when
therapy 1s discontmued  The vinfization which acec
therapy 15 clearty a serious disadvantage

Oestragen therapy

Recently oestrogen therapy has been a more popultar alternative and with large
doses of stidboestrol as advocated by Karnaky (1948) The rationale for such
trearmentas not clear though some workers claim that by sts suppression of gonado
trophin release from the pitwitary ovaran stimulation ceases the ovary atrophies
the endometrsem 15 deprived of the fluence of ovaian hormones and conse
quantly ot notrmal a0 ettopit endoretnal tssue shrinks away  Some winers
say that this effect 1s permanent and that oestrogen therapy can cure endometriosts
if 50 large doses are unnecessary 2 mulligrams stilboestrot daily 1a the first half
of the cycle would suffice  Others believe that the benefictal effects of oestrogens
or for that matter androgens are merely due to mmhibitton of avulation and
prevention of dysmenorrhoea which s a classical though by no means constant
feature of endomeiniosss ¥ has aho been pomnted out that the dysmenorthoea
dyspareunta and pclwc pam which accompany end may be
due 1o the Jop of adh: n wtus case 1t would be d!ogn;al
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Greenblatt (1953) treated 27 hirsute patients with or without menstrual rregulanty
with 50 mill cortisone ly for from 2 to 18 months Thirteen had
phases of amenorrhoea and there was marked 1mprovement in the frequency of ovulatory
menstruation in 6 2 of whom became pregnant  Six had rregular menstruation which
eventually became more regular in 4

At present there are few reports of the treatment of simple hirsutism and anovu
latory mnfertility with cortisone and 1t would be dangerous to draw too close an
analogy between this picture and that of congenital adrenal hyperplasta  In the
latter there 1s evidence of gross disturbance 1n the biosynthesis of adrenocortical
steroids with inadequate production of glucocorticords so that cortisone therapy
1s rational  In stmple hursutism hittle 1f any abnormality of steroid metabolism
has so far been discovered and cortisone therapy must be regarded as empirical

Deep radiotherapy

Though 1t 1s not strictly within the terms of reference of this chapter a word
must be said concerning low dosage radiotherapy to the pituitary and to the
ovaries or (0 both to induce ovulation  The general impresston 1s that this method
of approach 1s more promising than endocrine therapy  Most authors however
would agree that 1t should be employed only as a last resort because of the
possibility of imducing permanent amenorrhoea mutation of genes or congenital
abnormalities 10 succeeding generations of patients so treated  So far there is no
evidence of congemtal abnormalities having resulted even though some of the
early patients treated are now grandmothers

TREATMENT OF SPASMODIC DYSMENORRHOEA

It 1s tmportant to distinguish between primary spasmodic dysmenorrhoea and the
dary ot congestive type d with pelvic lestons  There has been some
tendency to believe that sp dic d. thoea 1s a psych disorder
The studies of Schuck (1951) in the health records at New York Unuversity of
300 students with dysmenorrhoea and 300 students who experienced no menstrual
pain showed that there was no more d of psyct di m the
first than 1n the second group  The actual cause of the pain howeser 1s still i
doubt though there 1s some evidence to suggest that 1t 1s due to myometrial
angrospasm
It seems to be established that spasmodic dysmenorrhoea does not occur m
ovulatory cycles that 1s in the presence of progesterone and that suppression of
ovulation leads to painless menstruation in that cycle Therapeutically moderate
doses of oestrogen durmg the pre ovulatory phase will accomplish this  In the
author s experience 2 mulligrams stilboestrol daily or 5 mulligrams of equine
comugated oestrogen as a substitute 1f stilboestrol produces nausea 1s an adequate
dose Treatment should commence within the first 5 days of the cycle and be con
tinued for 14 days At least a week s interval should intervene between successive
courses and 1f menstruation does not occur within this week 1t should be awaited
before the next course 1s commenced  This treatment has been completely success
ful in 87 per cent of the cycles m which it has been employed (Bishop and Orti
1952) Crnticism has been levelled at the method on the grounds that 1t 1s only
effectne for a few cycles after which ovulation  breaks through  This has not
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well bone wiich canaot be obtaned from the oestrogen alone and that undessrable
side-efects are 1vouded because those from gen and

each other out  Thus f 15 claimed that there 15 fess tendency to u(ermc bleeding
and that the virdinng side effects of androgen are offset  Numerous reporis on
the efficacy of this hormone combination are avaable and three may be singled
out desenibing the results of bhind chimeal trals  da the first by Greenblatt ez af
{1950} four preparations were mmlabte ror i) mmopausaf wormen Thcy wese
e\cnlu:ﬂl) re\ealcd as Q2 0 1 with
5 5 mil methyl and a placebo

The combination of oestrozen and androgen produced the best effects though
wenne bleeding and signs of virdism occurred 1t some cases £ the second tnal
by Glass tnd Shapiro (1951) the of 5 mith th;

and 0 25 mudligram stilboestrot was preferred by 72 per cent of 92 mencpausal
patents 1o cach of the hormones gven scparaxelv in the third mal by de Watte

ville and Lunefeld (1953) the t of 0 01 rull diol and
§ muligrams methyltestosterone was morc cﬁecme than either hocmone gnen
separviely or than 25 if diot by uself  The authors

preference 18 for an oestrosen alone rather than for a combnation of oestrogen and
androzen  Hitsutism and acne have been problems m some of the cases he has
trented wth the cutrent preparitrons of combined hormones on the market
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to expect any alleviation from endocrine therapy  Novak has poited out on many
occastons that no endocrine therapy can be exp dto cure d 1081
and that in many cases where such cures have been claimed the diagnosis has not
been sub 1ated by actual palp of nodules of endometriomatous tissue but
has been assumed on account of the association of pelvic discomfort dysmenor
rhoea dyspareunta and some degree of adnexal fixation In his view dysmenor
rhoea 15 a rather rare p of end 10515

v wall be seen therefore that there 1s constderable difference of opinton as to the
value of endocrine therapy 1n endomeiriosts  The results 1n a few reported series
are as follows

Fallas (1951) found that 58 of 91 patients n his senies complamed of some type of
pamn other than menstrual and that just over a third suffered from severe dysmenor
rhoea He believed that in the majonity the discomfort was due to massive adhesions
for which hormone therapy could do no more 1n its advanced stages than possibly
arrest the process  Wallace (1951) analysing 45 proved cases found that the symptoms
could sometimes be controlled by the simple measures used 1 the treatment of dys
menorrhoea that androgen therapy 1s sometimes palliative but never curative and
that stilboestrol given in one case for 6 months caused complete fibrosis of the endo-
metnal implants  Hurxthal and Smuth (1952) believed that Jarge doses of stilboestrol
could by inhibition of the pituitary gonadotrophins cause ovanan atrophy and lead
to shrinkage of uterine fibrotds and endometriomas  They treated cases of endometriosis
with daily doses of from 5 to 50 milligrams of stilboestrol  Although relief of symptoms
was satisfactory in some cases the unpleasant side effects seriously detracted from this
treatment  Fintlly Haskins and Woolf (1955) by the fact that
undergoes rermission during pregnancy and that this remission may persist for a long
time attempted to imutate the endocrine of by giving stilb 1m
ncreasing doses until 100 milligrams daily was bemg admimistered  This dose was
mantained for 3 months and then decreased by about 6 milligrams daily until st was
finally withdrawn ~ The subjective and objective responses were simular to those of
pregnancy The endometriotic lesions became softer and less tender but did not change
1 size the remusston might last for 18 months or more

THE MENOPAUSAL SYNDROME

The trends during the last few years have been to treat fewer menopausal women
with hormone preparations to use smaller doses of oestrogen and to employ
combinations of oestrogen and androgen  Buxton (1951) used daily doses of 0 1
mulligram stilboestrol increasing up to 0 5 mlligram if the hot flushes were not
controlled The author has for many years not exceeded 1 mulligram stilboestrol
(or 1ts equivalent) daily and has usually found that 0 1 milligram twice or three
times daily 15 the optimal dose The use of these small doses 1s not only more
effective but it usually avoids the unpleasant side effects It has been the author s
rule not to administer oestrogen constantly for long periods but to discontrue
treatment every 3 to 6 weeks for a week or 10 days If this 1s not done the endo
metrium tends to become hyperplastic and uterine haemorrhage to occur when
1t will be necessary to perform a diagnostic curettage to exclude carcinoma

The use of combinations of oestrogen and androgen 1nstead of oestrogen alone
has been the most marked change in menopAusal treatment over the last 6 years
1t 1s considered that the anabolic properties of the androgen induce a feeltng of
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well being which cannot be obtaitied from the oestrogen alone and that undestrable
side effects are avoided because those from oestrogen and androgen neucrahze
each other out Thus st 1s claimed that there 1s less tendency to utersne bleeding
and that the vinlizing side effects of androgen are offset Numerous reports on
the efficacy of this hormone combination are available and three may be singled
out describing the results of blind clinical trials  In the first by Greenblatt er al
(1950) four preparations were available for 102 menopausal women They were
eventually revealed as 0 25 mul It ol 025 milh stilboestrol with
5 milligrams methyltestosterone 5 miligrams methyltestosterone and a placebo

The combmation of oestrogen and androgen produced the best effects though
uterine bleeding and signs of virihsm occurred in some cases  In the second trial
by Glass and Shapiro (1951) the combination of 5 milhigrams methyltestosterone
and 0 25 milligram stilboestrol was preferred by 72 per cent of 92 menopausal
patients to each of the hormones given separately In the third trral by de Watte

wille and Lunefeld (1953) the 10n of 0 01 mull ethinyl diol and
5 mithgrams methyltestosteron¢ was more effective than either hormone gtven
ly or than 25 land diol by rtself The authors

preference 1s for an oestrogen alone rather than for a combination of oestrogen and
androgen Hirsutism and acne have been problems in some of the cases he has
treated with the current preparations of combined hormones on the market
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CHAPTER 19

THE ROLE OF ENDOCRINE FACTORS IN
INFERTILITY IN THE FEMALE

KENNETH Bowes

GENERAL CONSIDERATIONS

IN view of advances 1n the knowledge of reproductive physiology and of the
mumate connection between the gemtal and endocrine systems 1t may seem
paradoxical that in the clintcal approach to infertthity there is such a small group
of women 11 whom endocrine treatment 1s beneficial But the Iimuted help gatned
from such treatment 15 merely an example of the mefficacy of treatment of in
fertility 1n general at the present time

Several important papers by Sharman (1947 1952) Stallworthy (1948) Jeffcoate
(1951 1954) Bender (1952) and Buxton and Southam (1955) dealing with general
constderations should first be mentioned Bender for example m a follow up
study of 700 cases of primary nfertility considered that only about one half of the
pregnanctes which followed 1nvestigation could be ttributed to treatment  Buxton
and Southam were able to follow up 1 213 couples out of a total of 1 607  Of those
1n whom no obvious cause could be found on phystcal examinatton 37 3 per cent
became pregnant as compared with 35 9 per cent of those with some demonstrable
physical abnormality In their series 244 women were deemed to have ovarian
dysfunction  Of 147 women recening treatment 31 3 per cent became pregnant
Of those untreated (97) 51 2 per cent became pregnant Sharman (1947) showed
that of 113 women witha normal uterus 66 6 per cent conceived as compared
with 70 5 per cent of 147 patients with a hypoplastic uterus

Various estimates have been made as to the proportion of female infertility
which can be assigned to endocrine causes These demonstrate themselves ether
as some disturbance of menstrual function or anovulation or less commonly as a
definte endocrine syndrome of pituitary ovariar or adrenal onigin  Mazer and
Israel (1941) found 24 6 per cent of infertility assoctated with menstrual distur
bances  Guerrero (1946) found a hormonal basts m 23 per cent Tyler (1949) 1n
20-25 per cent Johnson and Marshall (1950) 1n 20 9 per cent Buxton and Southam
(1955) 10 20 1 per cent and Simard (1954) 1n 13 1 per cent Turming 10 more
spectfic conditions Jeflcoate (1954) assessed persistent anovulation as being present
10 less than 4 per cent of cases and Uniegar and Guerrero (1947) 1n § 7 per cent
McGoogan (1954) surveyed several scries from the hterature and found bilateral
polycystic ovarian disease in only 25 cases out of 1 776 chuldless women (1 4 per
cent) In his own series of 1 032 patients he found endometriosis 1n 2 9 per cent
and polyeystic ovarian disease i O S8 per cent Turner ef af (1951) reported
23 cases of endometriosis in 500 cases  Frank (1950) noted 1 5 per cent of endo
metnosis and 1 5 per cent of polycystic ovanan disease in his senies  Thus tn
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chinical practice major endocnine causes of mfertility 1n the female are found 1o 2
very small fraction of cases and the group 1s probably no bigger than that due to
failure to consummate marnage through ignorance

Looking at 1t the other way round the percentage rate of infertility 1 certam
individual conditions 1s very high  Stein (1950) stated that 85 per cent of fus
patients with polycystic ovaries complained of sterihity as their first complant and
the infertility rate 1n endometriosts has been assessed at between 2066 per cent
(McGoogan 1954)  Rubin (1947) considered that functional stershty exssted m
94-96 per cent of cases of secondary amenorrhoea Day and Smith (1950) at the
Mayo Chinic examined the reproductnve histories of patients with ovarian dys
function and found that of 425 such women 55 8 per cent had been unable to con
ceive during a 6 year period

ALTERATION OF GENITAL FUNCTION

The physiological umit of the genital system consists of the uterus the ovaries and
the anterior part of the pituttary gland  Disorders or expression of disorder of an
endocrine nature may affect any of the three components and diagnostic investiga
tions are required to estimate at which level the disorder 1s occurring  In turn the
endocrine adjustments of the anterior piturtary and the ovarses are related to the
functioming of other endocrine glands notably the adrenal and the thyroid and
also to the functioning of the hypothalamus and the general metabolism of the
person  The uterus and ovaries are also pelvic organs and may themselves be
subject to pathological processes which affect their functioning

Observatsons on each of the three ways 1n which genutal function may be altered
will be relevant to the discussion of infertility

The essentral functional umt

During the past fifty years the co ordinated changes 1n the menstrual cycle have
been extensively studied and the general pattern of activity between pitustary
ovaries and uterus defined These need not be discussed here except to mention
that the ovarian steroids produce important bolic changes tn the um
besides the usually described cyclical cellular histological appearances  The changes
1 carbohydrate metabolism are important as glycogen 1s necessary to provide
early nutrition for the developing embryo Large amounts of glycogen are
normally present in the postovulatory secretory phase the source 1s glucose
synthesss to glycogen bemng accomplished from a hexose phosphate spht by a
phosphate sphitting enzyme (alkaline phosphatase) Atkinson and Engle (1947)
showed that the alkaline phosphatase acttvity 1s high 1n the oestrogen phase of the
cycle 1s reduced 1n the postovulation phase and disappears premenstrually This
enzyme 1s also concerned 1n the metabolism of nucleoprotein and protein synthesis
during the pertod of growth stimulation of the glands The significance of these
metabolic changes has been shown by Hughes (1945) who estimated the glycogen
and enzyme content 1 relation to the reproductive histories of patients and cor
related disturbances of metabolism with miscarriage

In general disturbances 1n the function of the essential functioning umt can be
considered as erther follcular or luteal phase defects These result in menstrual
symptoms and disorders or failure of ovulation which as Mazer and Israel (1941)
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remarked  merge imperceptibly  nto steriity  Besides these major vanations
others occur ponting to differences in the  qualty  of differing ovulatory and
menstrual cycles  Basal temperature records show that successive cycles varv in
the type and degree of temperature shift and Tompkins (1945) Ras noted that
conception 1s mote likely to take placesf there 1s an abrupt rise - Cooperman (1949)
has shown that during the first months aof the menarche in girls temperature curves
differ from those 1n the normal adult and 1n non ovulatory cycles Zuckerman
(1941) pointed out that tn the monkey the effect of an injection of oestrogen was
not confined to the next period only but affected the endometnal state for the
following period too  The implications of this i the human were pomted out by
Kaiser (1948)  Brewer and Jones (1947) 1n thetr studies on the histology of the
human corpus futeum and concomtant endometnal changes remarked on
vanations both in the tvpe of corpus luteum and endometrium

Follicular phase defects

Follicular phase defects may affect the rhythmic alteration in the secretions of
the cervix and so be a contributory cause of infertihity  Onginally deseribed by
Seguy and Vimeux (1933) and Seguy and Simmonet (1933) these changes have
received much attention  Though 1t 15 generally agreed (Wheeler and Danziger
1955) that cytological vamations in the cervical mucosa are nsignificant the
secreted  mucus alters considerably in amount wiscosity and reactton  The

secretion 1 strongly met and contains sub: utilizable by sperma
tozoa Without these substances the mobility of the spermatozoa s lost in a short
time P ually and uaily the mucus 1s tough and celtular but at

the mid cycle 1t 15 freer less::ellular translucent and of lower viscosity Rydberg
(1948) showed that durmg the pre ovular phase mucus taken from the cervix and
spread ona shde will crystallize giving a fern Iike pattern  This reaction increases
mantensity and reaches 11s hesght at ovulaton  The crystallization results from
sodim chloride 1 the mucus  Bergmann (1949) showed that at mud cycle the
mucus changes from gel to sol form the latter easilv penetrated bv spermatozoa
In the postovulation phase the erystatline pattern disappears owing to the infiuence
of progesterone

Inter ref. p between the hypott endocrine and gemital systems
7 e hypothalamus and the cerebral cortex

The mier reactions between the vanous endo.rine glands and their controt have
become mereasingly important and the correlation between the humoral endocrine
and autonomic nervous systems extensively studied as has the role of the hypo
thalamus in the imntegration of these systems Green and Harns (1947) and
Harrs (1949) have demonstrated hypophyseal portal vessels along the pituitary
stalk between hypothalamus and hypophysis and shown that the blood flow 15
from the former to the latter They suggested that the antenior pituitary msght be
influenced by the thalamus via these vascular channels Harris (1950) reviewing
€xperiments m regard to this ink deseribed how electnical stimulation of the
tub r cinereum 1n rabbuts leads to ovulation though this cannot be produced by
stmulation of the antenor pituttary  If the stal¥ 15 severed the oestrous cycle i
rats disappears  Harnis ef ol have also shown that 1n rabbits corticotrophin 15
seereted by stimul of the tuber
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Le Gros Clark and Meyer (1950) reviewed the anatomical connexions between
cerebral cortex and hypothalamus and pointed out that between the cortical and
autonomuc levels of the nervous system they are much more definite than had been
formerly realized They are both afferent and efferent in type the afferent areas
are 1n the thalamic nuclet and the efferent fibres from the frontal region of the
cortex They provide the neural refationship between the pnimitive emotional
level of thalamtc sensation and the higher cortical functions

Psychological factors and the genutal system

Anatomical and physiological support 1s thus being found for the often observed
psychol 1 fe m chaical gy 1 and 1t emph the ympor
tance of constdering the individual as a whole  The rhythm of the menstrual cycle
15 often affected by psychological factors and such disturbances of function may
contribute to or cause wnfertiity O Neil (1950) gave a general summary of the
psychologrcal meg and stressed therr frequency also that
there may be either primary or secondary factors and that often the psychological
treatment required 15 of an essentially simple nature depending mainly on sympathy
and guidance  Blarkley (1949) and Wrigley (1949) have both been tmpressed with
the psychological aspects of abnormal menstrual function  Loeser (1943) studied
cases of the sudden onset of amenorrhoea 1n women who had expenenced bombing
i London He found that the endometrium was of an arrested pre ovular type
sumilar to a 16-18 day phase although the interval had been 38 days Whitacre
and Barrera (1944) pointed out that the amenorrhoea experienced by 125 women
out of 1 042 adults of menstrual age who were interned in Mantla started abruptly
after the first bombing there and before nutritional factors could have had any
effect Fried ef al (1951) gave further evidence of psychologtcal factors affecting
the genttal system 1n an analysis of patients with pseudocyests and 1n whom luteal
acuvity of the ovaries was prolonged They considered that this finding was due
to psychologtcal factors acting through the hypothalamus and affecting the secretion
of luteotrophin

Kluver and Bartelmez (1951) have described a Rhesus monkey which had been

1 loh

the subject of various neurosurgical p d Tud| p Y
Some 4 years after surgery it died during menstruation and 1n necropsy pronounce
changes of abd 1 and pelvic end 10815 were found It had previously

shown other sex changes which were considered to have been secondary to hypo
thalamic damage from operation Previously disturbances in pregnancy and
labour had been noted 1n ammals following experimental thalamic lestons (Dey
et al 1941) and Theobald (1936) wrote of menstrual function 1n relation to the
hypothalamus ~ Reifenstein (1946) referred to hypothalamic disturbance as 2
common cause of amenorrhoea and Khnefelter Albright and Griswold comned
theterm hypothalamic amenorrhoea  for a syndrome in which latent or manifest
psychological trauma was thought to prevent the release of Iuteintzing hormone

from the pituitary

Psychological origm of mfertidity

The question anses as to the possibility of a psychological ongn of nfertility
and as a direct as opposed to a dary pt from alteration of the
menstrual cycle Dunbar (1946) suggested that over anxiety to conceive nmight
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result 1n a premature maturation of follicles and the discharge of ova not ready for
fertihzation  she referred to this in connexion with the well recognized phenomenon
of conception occurring 15-20 years alter marriage  She attributed such a result
to change 1 atiitude and d of 1 tenston  Kamman
{1946} has referred too to the efficacy of adoption as a method of induced con
ception 1 such cases of infertility  On the other hand Hanson and Rock (1950)
fully reviewed the hterature on this fascinating angle of the subject and concluded
that any beneficial aspects of adoption 1n refation to subsequent conception were

speculative and without proof  They followed up 202 couples who had adopted
children In 15 (8 per cent) a subsequent pregnancy followed a figure within the
posstbilittes of a spontaneous event and without adoption  In only 4 of the 1S
cases did the authors consider that pregnancy could undoubtedly be attributed to
vebef from emotional tone

Other endoerine glands

The normal functioning of the ovary and the pituttary may be considerably
affected by other endocrine glands parbicularly the thyroid adremals and the
pancreas  The mechantsm of damping down ot suppression of ovartan activity
1snot yet fully understood  Chinrcally menstrual abnormalittes are well recogmzed
1n cases of thyroid disease as is also the occurrence of nfertiity m both hyper
function and hypofunction of this gland  The relationship between thyrord and
ovary can theoretically be affected by an alteratron 1n the level of thyrotrophic
activty of the piturtary by the direct metabohc action of the thyroid hormone at
cellular level or by combined actron with the adrenal Chu (1944) showed that
ovulation did not occur 1n the rabbit following cottus 1f the thyrord had been
removed but did so if choromic or pituitary gonadotrophins were then given
In these thyrotdectomized animals follicle simulating hormone was produced mn
excess and the ovaries became studded with muluple follicles which disappeared
on therr betng given thysoid Engle (1944) noted 10 monkeys that thyroidectomy
ratsed the oestrogen threshold level for bleeding and that thyroid restored it to
normal  Beirwalter and Bishop (1954) found that ketosterord excretion was
decreased 1n myxoedema but could be restored to normal with thyroid so that
alieration in this adrenal function had occurred  The inter relation between
thyroid and adrenal 1n their effects on genutal function had also been demonstrated
by Gilbert and Gullman (1954) They found that oestrogen withdrawal bleeding
did not occur 1n the b ypoph d baboon although the uterus and sex skin
Were sensttive to oestrogens  They believed that active thyroid function as well
g?c ea‘;'lrcnal function were both necessary for the promouon of endometrial

ing

Intense research on the adrenogenital syndrome has drawn attention to the
;“Pr‘r:ssmn of ovarian activity which results from the adrenal androgene hormones
‘E \l;xs syndrome the retrcular zone ussue of the adrenal 1s hyperacuve whereas
lh: asciculate zone 1s defective  Several theories have been advanced to explain
oy effects on the ovary and the endometeum  Wilkins er af (1952) believed that

¢ excess androgens act via the anterior pitwitary to depress gonadotrophin
}:;gducnon with resulting ovanan failure  Thus theory has been the basts of corts
deee administration to patients with amenorrhoea hirsutism and infertility

med of adrenal origin  The cortisone 15 considered to act as a  chemical
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brake  (Wrkins} excess androgen secretion 15 damped down pituitary gonado
trophins are released and ovulation returns  Others however consider that
cortisone acts at end organ level by interfering dircctly with the circufating
androgens

PATHOLOGICAL CHANGES IN THE OVARIES

Ovanian function may be affected by disease processes mn the pelvis  Inflammatory
lesions may 1nvolve the ovaries and the function of ovulation be interfered with
by the resulting adhesions  Hyperplasia of the endometrium may then develop
secondanly

Endometriosis involving the ovaries 15 frequently accompamied by mpared
fertiity or stenlity This condition 15 dependent for 1ts continuance at least and
probably for its itation on the continued action of the ovaran hormones  The
accompanyng infertility rate 1s about 50 per cent

Effect on fertility of umilateral oophorectomy

The effect on fertiity of the removal of one ovary 1s a subject on which httle
literature 15 avatlable The general view 1s that umiateral removal 1s followed
by stumulation of the remaming ovary to increased function Roman (1947)
showed that thuis does occur 1n animals and Jeffcoate (1954) suggested that if on¢
fallopian tube has to be removed for some reason the corresponding ovary should
also be removed to ensure ovulation only from the remaining ovary whi h 1
nearats own tube  That the remaintng ovary functions satisfactorly in the majority
of cases 1s supported by the chimcal investigation of Whitelaw (1951) who studied
the occurrence of ovulation as judged by basal temperature records and endo
metrial biopsies 1n 42 patients under the age of 30 years who had been subjected
to umlateral oophorectomy He made ts study the more valuable by using 2
control series of women with 1ntact ovartes From the women operated on_164
out of 168 endometrial biopsies showed normal secretory endometrium  Three
women had mimimal ovulatory changes and only one failed to show ovulation
she developed menopausal symptoms within one year Of the controls 172
showed a normal secretory end um 2 showed no and 8§ an endo
metrium of mived pattern Compared with the normal figure of 5 per cent
for non ovulation Whitelaw s figures were only 0 96 per cent 1n hus unilateral
oophorectomy series

Such satisfactory results however do not justify the free sacrifice of ovares as
one never knows whether a second operation may have to be performed for
removal of the remaining ovary It 1s also difficult to forecast the ikehhood of
the menopause supervening  Caffier (1937) for example followed up 174 women
who had had one ovary removed The periods were altered 1 about two thirds
of the cases and only 35 2 per cent subsequently became pregnant though 88 5
per cent had been pregnant prior to removal of the ovaty Runge (1935) and
Schrmid Burgk (1938) have also studied ovanan function after operation

The Stein Leventhal syndrome
This condition of polycystic ovaran enlargement associated with amenorrhoea
and snfertlity deserves separate mention  As yet the aetiology has not been
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determined  Stein (1929) reported on the wedge resection of ovaries enlarged by
multiple small cysts and recorded that the result was a resumption of menstruation
Since Sten and Leventhal (1935) described the polycystic ovanian syndrome many
references have been made to the conditton  Bailey (1937) reported several cases
1n the United Kingdom but most interest seems to have been taken in the United
States of America  Stein ef al (1949) were able to report on 75 cases Meaker
{1950) on 65 Auer (1951) on 10 Leventhal and Cohen (1951) on 10 Siegler (1952)
on 10 and Haas and Ruley (1955) on 12 cases There have been other papers by
Leventhal (1941) Geist and Gaines (1942) Stetn (1945) Reycraft (1949) Ingersoll
and McDermott (1950) and Shippel (1955)

Diagnosis

The d 1s usually d dbya b of p and signs
not all of which may be present mn any individual case Classically there s
secondary amenorrhoea with infertibity 1f the woman is marnied frequently shght
husuism and on vaginal examuination one or both ovartes may be enlarged
though not grossly and they feel of cystic or rubbery consistency Laparotomy
confirms the enlargement of the ovarses to about two and a half times their normal
size the capsule 15 thickened with mottling from the underlying small cysts
{ oyster ovary ) Because of these appearances and the thecal hyperplasia the
term  hyperthecosts  has been coined  Microscoprcally follicles are found in all
stages of development and are surrounded by thecal hyperplasia the thecal cells
bemng futeimzed  Luteinized thecal cells may also be found in the ovanan stroma
The unnary 17 ketosteroids are erther at a normal level or shightly raised  Pitwstary
gonadotrophin and oestrogen excretion levels are normal

When a defimte diagnosis can be made the dectsion for laparotomy 1s easily
reached but there may be difficulties owing to the symptoms and signs not all
bemng present  Primary amenorrhoea or amenorrhoea followed by menorrhagta
or menorrhagiz may be the accompanying menstrual disorders rather than the
typical secondary amenorrhoea Sometimes hirsutism may not be present and
bilateral ovanian enlargement not detectable  Considerable care has to be taken
marriving at a diagnosss and some authorities employ accessory means of investiga
tion such as gy graphy or coel py 1n doubtful cases

Pututtary origin of condition

The Stein Leventhal syndrome sull lacks a satisfactory explanation of 1ts
actiology and the eventual solution should throw much light on ovarian functron
and endocrine relationships At the moment the view that the ovanian changes
are secondary to disordered action of the anterior pituitary holds the field The
antenior ptuitary 1s considered 1o sumulate the ovarian follicles and the thickened

capsule prevents their further d P (the h of
Leventhal (1941))  The hirsutism and menstrual changes are variously ascribed
to d bal: 1 f one orf to

i -4 0 P ol p

excessive production of piturtary lutesmizing hormone  Shtppel (1955) found
difficulty in accepting the pituitary origin of the condition and attempted to show
that the syndrome was an isolated part of a much bigger process He constdered
that the ovary was the source of the condition and that over growth or persistence
of the theea cells occurred either from factors inherent m the ovary or locally
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wntatne to 1t He views the syndrome as one in which the woman may hawe
varying menstrual symptoms over a courst of years and gradually become de
fermmzed The features which he regards as ymportant are persistent anovulation
from the tme of menarche of pregniacy conditions which stimulate the reticulo
endothelial system and local pelvic irntation

METHODS OF INVESTIGATION AND ASSESSMENT OF
GENITAL FUNCTION

The number of myestigations which theoretically can be employed in snfertiy
far exceeds their value in practice  In stmple routine dragnosis 1 15 necessacy to
combine the search for important common conditions with such tests as will show
whether or not ovulation has occurred the normahty of the endometnial response
to ovarian hormones and exclude any obvious endocrine disease  Thus 2 ull
history must be taken and physical exanunation made tubular nsufflation per
formed and an endometrial biopsy taken If necessary thyroid function should be
determmned and in some cases additional help can be obtained from examination of
ovarian function by vagmnal smears from radrologcal salpingography and from
postcortal examination of the cervical mucus

Unless there 15 need for a more detailed endocrine imvestigation there 1s much
to be said for not adding a muluplicrty of tests as he constant repetition may
increase any psychological tension present

Of the routine tests those directed to the occurrence of ovulation are important
The only absalute proof of this 1s the finding of an ovumt of 1§ fertilizanon  AS
yet we have no method of proving that true ovulatton as distinct from follwcular
nipening and rupture has occurred and all methods of himing ovulation ar¢
presumptive  Evidence can be obtamed from direct observaton of the ovaty
at laparotomy or coehoscopy mdirectly by the study of the secondary effects
presumptive of ovulation (biopsy of the endometrium vagnal cellular smears
basal temperature records cervical mucus tests biochemucal assays electnc
potentsal changes and biological tests of the Farns type on ovarsan hyperaemid
intherat) Ofthese endometrial biopsy and basal temperature records are segarded
as the most useful

Fndometrial biopsy

An endometrial biopsy 15 usually taken durmng the prcm:ns(rual week though
some prefer the first day of the period 1n spite of the accompanying autolytic
changes Rock (1941) studred 400 cases and placed ovulation as oCCUINING between
16-12 days before the onset of the next peniod  Sporadic anovulatory cycles ar¢
not uncommon so that the repetition of a biopsy 1s hecessary 12 several cycles 10
prove persistent anovulation warranting treatment The advantages of biopsy 7€
that good presumptive evidence of ovulation 1s obtamed and the 1nter Teactions
of the ovary and the endometrium can be assessed for as Hertig remarks post
ovulatory effects are regular and progressive Disease such as endometnial tuber
culosis can be excluded and the method may be used to evalyate the results or
endocrine of antituberculous treatment  Matkant and Chander (1954) summarized
the valug of this methad as the one gving more information than any other single
test and they divided endometnial responses into four categories hypo oestrogenic
pormal oestrogenic hyperoestrogenic and mature progestational changes
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Basal temperature records

Endometral biopsy gises better functional evidence than basal temperature
records though the latter are now accepted as a simple method of demonstrating
ovulation provided they are carefully taken and show the charactenstic tempera
ture shft from the Jower level tn the oestrogenic part of the cycle to the hugher level
w the latter half  Thus shult 1s agreed to be due to progesterone mfluence on
metabolism (Davis and Fugo 1948 Landauw er of 1955)  The interpretation of
other than typieal curses an vary widely and minor abnormalities should not be
used as an excuse for slf yudged therapy

The general trend today ss to use methods of teshng for ovulation as evidence
of 1ts occurrence rather than to try and estumate tts ttmung accurately or to forecast
s happening  Many workers have shown how difficult 1t 1s to relate accurately
the secondary phenomena of the menstrual cycle enher to themselves or to
ovulation  Sturgss (1952) considered that there was no way to judge the time of
ovulation withen 24 hours  There (s therefore a hmut to the use of temperature
records as an aid to conception  Hope deferred maketh the heart sich  and there
15 no potnt 1 reducing hope further in the infertde by constantly drawing attention
to function

The vagieal smear

The sagnal smear provides a simple test of oestrogente functton but the fact
that many samples of cells have to be exanuned over a course of weeks restncts its
use

Pl a of b

In cases 1 which amenorrhoea 1s the prormmnent sympiom the level at which
fault can be found ss P n h ad Tests are employed to
determine whether 1t 15 uterne ovanan or piwnary I the uferus is 21 fault
bleeding will not occur when oestrogens are gnen but if withdrawal bleeding does
result the defect 1s at a hugher level  Provided the ovanes are producing oestrogen

bleeding will result when progesterone ts given f 1t does not then erther the
ovanes are senously affected or they are not reacting to sumulation by the anterior
prtunary - Ths can be tested by estimation of the follicle sumulating hormone level

If this 13 fess than normal the defect anses from changes in the pituttary  1f 1t 15
normal the amenotrhoea (s probably ansing from some general condiion  if the
follrcle sumulating hormone level 15 ratsed 1t 15 evidence that the ovary 1s af fault
and the pituttary 1s trying meffectually to stimulate it

Endoctine assays

These ace needed 1 the smvestigauion of some cases of amenorrhoea and i the
dragnosis of hypogonadie function and of menstrual irregulanties assocrated with
igns of virtism or defeminization

Ganadotraphing
The value of urmary folircle d m diffe
ting between amenorrkoea of ovanian and puutary ongin has been mentioned
Oharian hormones
Ta mfertiity there has not been found much scope to date for the vestigation
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of the levels of these substances 1n body fluids Pregnanediol excretion has been
used as an index of corpus Juteum function but ns 1t represents only a fraction of
progesterone metabolism 1t has not proved of much practical value Newer
methods of blood oestrogen determination are being tried but as a review n the
British Medical Journal (1954) stated the time has not arrived for their chnical use

Urinary corticosterotds
The excretion of these substances has proved of able valuenthed

of adrenal conditions and clinically the test has been applied particularly to
patients suffering from amenorrhoea and infertility with associated signs of virihiza
tion  In general some degree of vinlization with normal or shghtly elevated
excretion of 17 ketosteroids (10-20 milligrams every 24 hours) 1s most likely to be
due to ovarian disorder 1f the ketosteroid level 1s moderately increased (20-50
milligrams) adrenal hyperplasia 1s probable or a rare ovarian tumour of the
Leydig hike cells in the ufum or an arrhenoblastoma  a high 17 ketosterond fevel
(50 muilligrams or above) ts likely to indicate an adrenal tumour

d,

Other diagnostic methods

The difficulties sometimes experienced 1n the diagnosis of small ovartan swellings
and of determmning whether 1n fact the ovary 1s enfarged or not or whether 1t has
an abnormal surface have led to the reintroduction of coelioscopy or as an alter
native culdoscopy and laparotomy The former method has the advantage that
no operation 1s performed though it should not be lightly undertaken as it can
have complications Moreover 1t 1s not always possible to visualize the pelvic
contents satisfactonly without making endoscopy an tneffictent laparotomy
Culd py has been developed by Decker and Sherry (1944) Decher (1952)

P!
and his followers Patmer (1954) 1n a paper read to the Society for the Study of
Fertility demonstrated the logical hmits of these methods which he has used
m over 2000 cases MacFadyen er al (1952) reviewed the vanous methods of
endoscopy used 1n 161 cases they prefer culdoscopy ~ OF therr patients & 8 per
cent had complications and 1n 13 per cent they failed to enter the perttoneal
cavity In a swiable case laparotomy has the great advantage of permutting a full
and considered exploration

Radsography should be mentioned as another method of invesugation which
can help in the diagnosts of ovarian pathology  Enther a pelvic pneumoperitoneum
can be produced or 1t can be combined with hysterography to produce contrast
By thuis method a very satisfactory visualization of the pelvic organs can be obtained

TREATMENT

The treatment of infertiity due to endocrine factors has up to the present proved
very disapponting  Admttedly we expect to gamn help in the worst cases for
munor alterations may be temporary and cure themselves The passage of time
an attitude of reasonable optimism provided no serious lesion 1s found and care
as to the general health will probably be as effective and less unsettling than
complicated schedules unless definite endocrine disease 1s present The eriticism
of the difficulty 1n assessing the effects of treatment must be emphasized hertii
Sharman (1947) observed that there was no difference n a treated and untreate
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sen~s of patients with utenne hypoplasia  Rabau (1945) simlacly noted that the
effects buted 10 thyrowd were not better than spon
taneous cure but these were presumably not true cases of thyroid d-ficrency

At the present nume observations on therapy can only be fragmentary as they
are rot capabls of umification into a logicat plan It 1s probably better to discuss
the use of avafable methods rather than the treatment of a condition which may
be du~ to so many different causes

Endocninie therapy
Tke gonadotropkins
These are of two vaneues  those demved from ammal prtuntary preparations
ard those of a chononic tvpe from human pregnancy unne or serum  Their use
would logically be for the induction of ovulation 1n panents who have been proved
to have persistent apovulation and i whom ovanan failure as a cause has been
etcludad
Probably no single endocrine factor in stenlity has been the targ~t of so much
well meant but empineal therapy as has anovulation  Ifthis condition 1s diagnosed
as a persistent state alf hods of are tor P
ovulation may occur apant from treatment and conception may reselt as s
exemplfi~d by the following case history
A pauent, ag=d 37 years, who had been marned for 11 years had had no penods
since her marmage and was anuous forachuld  Following rhyvthmic admnsstration of
oestregens and ethisterone she had three or four vterine losses and then tired of ber
pills. Theuterinelosses ceased  Four years later she was seenagamn this tume pregnant
haviag ed duning ber d
Ammal puwtary preparations have several disadvantages  Thev quickly enve
fise to anvhormones they are difficult to punfy and they have spectes differences
1015 now agreed (Sturgs 1955) that they seem to be of no use clinically  Chortomic
are chuefly P
The early topes engerdered by Davis ard hoff (1938) wko used pregnant mare s
serurt 1o sndoce ovelation have niot been fulfillxd ard Brewer ef af (1342) who
used controli=d groups of pauents and confirmed by laparotomv failed to induce
ovulatton  Many otter workers have tried both types of preparation erther
ormn combined form  Hall (1937) Hamblen eraf (1941)
Rydberg and Ped=rsen Brergzard (1943) Siegler ard Fem (1939) and riore
rcently Zord=k have all publshed encouragng results from the use of esther
human pregnarcy serum preparations or from the sequential adrunistranon of
bath follicl faung and e Formrones  Other authors such as Geist
et al (1941) 20d Erving ¢z af {15-0) have rot been ablz to confirm ovalation
after such treatriert Siegler (1952) tre2t~d 31 panents 4 had ovulaton oveles
aft"r treatmest ceased 2nd 1 pregrarcy resultied  Finkler (19+9) publsted
the resilts of 76 pauris suf>ning from secondary amenorrhoea treatzd by endo-
e~ th=rapv  goradotrophins were given by the Pydberg mathod ard 1f indicat~d
ovarLn stro ds were also gnen  Preznancy occusred 34 2 per cert of the cases
and the author adopt~d a rudd's view of the value of this rethod  The use of
these substunces 15 not without complicatiors as all*rgc reacuors can occur ard

ll‘;‘:;;ﬂn:i £33 become enfarged from the forration of lutmn tumours (Movin
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of the levels of these substances m body fluids  Pregnanediol excretion has been
used as an index of corpus luteum function but as it represents only a fraction of
progesterone metabolism 1t has not proved of much practical value Newer
methods of blood oestrogen determination are being tried but as a review m the
British Medical Journal (1954) stated the time has not arrived for therr clintcal use

Urinary corticosteroids
The excretton of these substances has proved of valuenthed

of adrenal conditions and clinically the test has been applied particularly to
patients suffering from amenorrhoea and infertihty with associated signs of viriliza
tion In general some degree of vinhzation with normal or slghtly elevated
excretion of 17 hetosterords (10-20 mulligrams every 24 hours) 1s most likely to be
due to ovanan disorder 1f the ketosteroid level 1s moderately increased (20-50
mulligrams) adrenal hyperplasia 15 probable or a rare ovaran tumour of the
Leydig like cells in the hilum or an arrhenoblastoma 2 high 17 ketosteroid level
(50 milligrams or above) 1s likely to irdictte an adrenal tumour

derahl,

Other duagnostic methods

The difficulties sometimes experienced 1n the diagnosis of small ovarian swellings
and of determining whether 1n fact the ovary 1s enlarged or not or whether 1t has
an abnormal surface have led to the rentroduction of coelioscopy or as an alter
native culdoscopy and laparotomy The former method has the advantage that
no operatton 1s performed though 1t should not be hightly undertaken as it can
have complications Moreover it is not always possible to visualize the pelvic
contents satisfactorily without making end py an i lap
Culdoscopy has been developed by Decker and Sherry (1944) Decker (1952)
and his followers Palmer (1954) 1n a paper read to the Socrety for the Study of
Fertility demonstrated the logical mits of these methods which he has used
in over 2000 cases MacFadyen ef al (1952) reviewed the various methods of
endoscopy used 1n 161 cases they prefer culdoscopy ~ Of their patients & 8 per
cent had complications and tn 13 per cent they fatled to enter the penitoneal
cavity Ina suitable case laparotomy has the great advantage of permitting a full
and considered exploration

Radiography should be mentioned as another method of investigation which
can help 1n the diagnosis of ovarian pathology  Either a pelvic pneumoperitoneumn
can be produced or 1t can be combined with hysterography to produce contrast
By this method a very satisfactory visualization of the pelvic organs can be obtained

TREATMENT

The treatment of infertility due to endocrine factors has up to the present proved
very disappointing  Admuttedly we expect to gam help in the worst cases for
munor alterations may be temporary and cure themselves The passage of time
an attitude of reasonable optimism provided no serious lesion ts found and care
as to the general health will probably be as effective and less unsetthng than
complicated schedules unless definite endocrine disease 15 present  The eriticism
of the difficulty m assessing the effects of treatment must be emphasized here
Sharman (1947) observed that there was no difference n 2 treated and untreated
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which appeared to have improved as judged by this test It was nterpreted as
improved corpus luteum function However as other methods of treatment were
being employed at the same time 1t 1s difficult to draw any sound conclusions
Criticasm of empirical thyroid therapy has been expressed by Rabau (1945)
Tyler (1949) and Swyer (1955) and a paper pertinent to this 1ssue by Buxton and
Herrman (1954) showed by a careful study of a control series that thyroid was only
of questionable value in these cases

The use of cortisone

Following the work of Wilkins et af (1952) who demonstrated the action of
cortisone 1n congenmital adrenal hyperplasia Jones e al (1953) and Jones and
Jones (1954) have shown that cortisone can be used to correct the effects of adrenal
hyperplasia n older patients and to restore menstrual function ovulation and as
anawd to conception  Suitable cases are those of postpuberty hursutism infertiity
and amenorrhoea or oligomenorrhoea both with and without elevation of 17
ketosteroid excretion level  Oral cortisone was used tn a dosage of 50 mulligrams
daily for a month and then 25 milligrams daily subsequently Of the 16 patients
who had a raised ketosteroid level all started to ovulate after treatment and 5 of
the 10 married patients concenved  Of the 15 patients with normal ketosteroid
excretion all ovulated and 7 of the 11 married patients concerved

It appears therefore that in selected patients thus form of treatment is valuable
Another possible use of cortisone may be 1n the treatment of the Stein Leventhal
syndrome as suggested by Benson Kolb and Traut (1955)

Irradiation of the pitmtary and ovanes

The indifferent and uncertain results of the treatment of protracted amenorrhoea
and nfertility by hormones have led some workers to rradiate the prtwitary
the ovanes or of both glands as an alternative method The mode of action
18 not clear Some consider that stmulation of function takes place by either
altening brochemucal factors or by hyperaemua though the latter has not been
observed at laparotomy Others attnbute results to destruction of some of the
follicles with the result that some of the remamder receive the gonadotrophic
influence and mature A fow kilovoltage 1s used and care 1s necessary as to
dosage details and shielding

The employment of this method has led to considerable controversy A farr
summary has been given by Collins (1950) who circularized 410 practisimg
gynaccologists 70 per cent stated that they would not use the method and 30
per cent replied that they did and had used 1t for a total of some 4 200 patients
and with no 1ll effects  In individual series there were nstances of complications

Irradiation as a method of producing ovulation was introduced by Beclere
(1926) and Rongy (1924) Rubin who since 1926 had had much experience of 1t
stated 1n 1954 that he was able to report that no less than 80 per cent of patients
resumed regular menstruation and 50 per cent concewved  he esttmated that only
6-10 per cent of untreated pauents with sinular difficulties would have become
pregnant spontaneously kaplan (1954) reported 660 patients treated 270 became
pregnant and had 347 normal children A considerable hterature has now grown
up on this subject bat not allss in favour of its use  Besides the authors mentioned
above Drips (1948) Edetken (1933) Finkler and Friedman (1938) Friedman and
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A possible usc of lutesmizing hormone has been suggested by Brown and Bradbury
(1947) They aimed at prolonging the action and hfe of the corpus luteum by
admimistering this hormone 1n the postovulatory phase

To sum up gonadotrophins appear to have httle clinical scope at the present
tme

The ovarian hormones

These substances may be used to influence either anterior pituttary action or the
functioning of the target organ or the uterus in tts endometrial myometrial or
cervical components

Since Hamblen e af {1941a) suggested that the cychical secretion of the gonado
trophins was influenced by ovanian hormones an alternate method of attempting
to induce ovulation has been tried  Bishop (1950) suggested a smaller dosage of
oestrogen than Hamblen with the idea of rmnimzing the nsk of whubiion of
ovulation Stulboestrol 0 5 milligram was given daily for 21 days and ethisterone
30 milligrams dasly, for the last 7 days of a three weeks course Segler (1952)
using a variant of this method treated 36 patients ovulatory cycles started in 12
and 2 pregnanctes resulted

10 view of Sharman s comparative findings of pregnancies in patients with notmal
or infantile uteri there seems little point in treating hypoplasia of the uterns unless
examination shows that there 1s d d of d ovaran function
Ifthe uterus s small and there 1s evidence of normal ovulation and ovarian function
3t will fail to respond to hormone treatment as there must be target end organ
failure

Ovanan steroids can be used if endometnial function 1s deficient as revealed by
bopstes  Such a diagnosis should not be made on an abnormaltty of the basal
temperature record alone Hughes er al (1950) showed the benefictal effects of
oestrogens 1n small dosage (0 1 mulligram stilboestrol for 12 days following the
end of the menstrual pertod) 1 cases in which the glucose metabolism of the
uterus was deficient

Ovarian hormone can also be used to influence the type of cervical secretion
The free watery flow of mucus at the time of ovulation may not occur and post
coital tests may show spermatozoa impeded tn their passage through visad pre
ovulation secretion  As this condition 1s probably more contributory than causal
i infertility oestrogens are best given for a few days only prior to ovulation
rather than throughout the pre ovular phase

The use of thyroid

Since 1ts first exhibition for myxoedema and cretimsm th,
a favoured therapeutic hustory for it 1s a potent and stmple substance to us¢ For
many years 1t has been employed empirically in certain cases of mferulity and
menstrual disorders and will probably continue to be so used 1n spute of the lack
of real evidence for 1ts efficacy 1n such conditions  If there1s proof of hypolhymld
function then its use1s essential but minor deviations of the basal metabolic rate
or an over weight patient are not sufficient reasons for its exhibition Johnson ang
Bradbury (1953) employed ¥ grain thyroid daily for protracted periods 1n selcc(cl
patients and achieved 10 pregnancies in 22 married women out of 38 effectively
followed up Of these 6 had pregnanediol assays made to assess ovarian function
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more optimistic and considered that possibly 68 per cent of patients may conceive
after operation  The benefit of operation may derive from several effects Dys

pareunia is relieved  operation in earher stages of the disease 1s more ltkely to be
beneficial and 1t 1s possible that the removal of the diseased tissue leads to more
normal functioning of the ovary

Wedge resection of the ovaries

There are now many reports of the use of a stmple wedge resection of the
ovaries 1n the Stein Leventhal syndrome  The mode of action of this simple
operation 1s unknown Some consider that by the removal of the tissue the few
follicles can be lated by follicle st hormones (Leventhal
1941)  others consider that incision of the ovarian capsule leads to an easier escape
oftheova Shippel (1955) 1s of the opimion that the removal of thecal tissue 1s the
rationale of benefit and that the ovaries can then react agam to gonadotrophins
Although wedge resection 1s usually performed an alternative method has been tried
by Bailey (1937) who bisected the ovary and then extroverted it This would seem
logical but 1t leads to adhestons

‘Whatever the expl of the mech of wedge 1 this syndrome
may be there seems no doubt that 1n properly selected cases the results are
fz ble both to the p of menstruation and possibilities of conception

The accompanying hirsutism 1s hittle relieved  Since the early papers by Stemn and
Leventhal (1935) and Bailey (1937) there have been other reports of the results of
such treatment  Stemn er al (1949) reported on 75 cases so treated of whom
40 complained of steriity  Of the latter 26 (65 per cent) conceived after operation
and 89 per cent had regular periods  Weinstein (1949) noted 11 pregnanctes m
17 patients and Leventhal and Cohen (1951) 5 pregnancies m 6 patients Auer
(1951 reported 7 out of 10 patients conceiving Stegler (1952) 6 out of 10 Meaker
(1950) 66 per cent of 53 infertile patients conceiving and Haasand Riley (1955)
that 4 out of 5 conceived within a few months  The last authors summarize the
cntenia for selection of cases There must be acyclic ovanan function normal
excretion levels of pitwitary dotrophins the should be
within normal imits and the ovanes should be questionably or defimtely enlarged
In favourable cases pregnancy follows soon after operation and patients should be
encouraged to try to conceive as soon as possible because as Auer remarks the
syndrome may recur

It 15 possible that 1n the future surgery will take a less emphatic place i the
treatment of this syndrome  Cortisone has already beentried As Shippel remarks

notwithstanding the excellent results obtained with wedge resection 1n the treat
ment of the hyperthecosis syndrome 1t 1s felt that the future therapy lies in the
direction of endocrinological depression of pituitary gonadotrophin preduction
for 4 sufficient length of time to allow for mvolution of the theca to occur without
at the same time Jeopardizing the recovery of the ovaries
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le;lcr (1942) Hanman (1947) Israel (1952) Mazer (1947) have published good
results

Possibilities of geneuc damage

There are several considerable disadvantages to the use of irradiation which
restrict its use and make imperative very careful investigation before employing it
The disadvantage which has recerved most attention s the possibility of genetic
damage with the nisk of danger to future generations  Anxiety has been expressed
about the effects of irradiation under modern Itving conditions (Medtcal Research
Council 1956 National Academy of Science 1956) Gene mutatton 1s increased
by radiation This damage 15 trreparable and may take several generations to
become mamifest so that published series of a few generations are not a sufficient
guide to the safety of the method Muller who since 1927 has been concerned with
the genetic effects of induced mutatrons mn the fruat fly considers the method unsafe
(Muller 1954) as do other scientists such as Russell and Russell (1952) Crainz
(1946) reviewed the hiterature of the subject from an experimental aspect  Plants
msects and small amimals all showed the possibility of recessive gene mutattons
Rugh (1954) pointed out that the method has a doubtful basis for 1ts action for
50000 r can be given to the anterior prtuttary without altering its function as
Judged by gonad stimulating effects It 1s difficult therefore to see why a thera
peutic dose of only 80 r can have more than a psychological effect

Thus all theoretical evidence 1s agamnst the use of this method of treatment
although 1t 15 not possible to exclude a specics difference n the human  Ingalls
et al (1955) summarize the matter succinctly when they remark that it may be
employed 1f one can philosophically justify what may be a genetically penlous
pursuit

If thus treatment 1s to be considered certamn contra indications should be borne
in mind  Irradiation should not be used 1n younger {under 20 years) or older
(over 35 years) patients for fear of inducing permanent amenorrhoea and for the
same reason a woman who has already had one ovary removed should not be
so treated Asherman (1952) noted that 50 per cent of women over 35 years of
age ceased to menstruate following iradtation  Great care too must be taken
that the patient 1s not pregnant for foetal abnormality has been shown to result

Surgical treatment

Exploration of the pelvis may be indicated 1 endometriosts and for wedge
resection of the ovaries 1n the Stein Leventhal syndrome  Occasionally the residua
of a pelvic infection may have to be treated by of ad} ped
ovarian function and to renew tubal patency Before laparotomy for any of these
conditions careful diagnosis of the state and its extent 1s necessary and particularly
if the Stein Leventhal syndrome 15 suspected In younger women endometriosis
should be dealt with by conservative methods if possible  Subsequent pregrancy
though not following as often as 1s desired occurs more frequently than mught be
expected from the usual state of disorganization of the pelvic tissues  kelly and
Schlademan (1949) reported 24 per cent of 38 patients with endometriosts who
became pregnant after conservative operations  Haas (1951) reported 40 per cent
with a simular condition compared with 8 6 per cent 1n untreated cases He has
given a useful review of the literature of this subject McGoogan (1954) was even
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CHAPTER 20
CARCINOID TUMOURS AND SEROTONIN
P J D Svow

INTRODUCTION

DurING THE last few years a new and curious syndrome has been recogmzed due
largely to the observations of a group of Swedish workers  Therr interest was first
aroused 1n 1951 when a boy of 19 years was admitted to the General Hosputal
Malmé with pulmonary stenosis and a cunous flushing of the skin  Autopsy
confirmed the pulmonary stenoss but 1t alse pectedly revealed a
carcinoid tumour (Bidrck ef ol 1952) A few months later Waldenstrém and
Lyungberg (1955) saw another patient with carctnord metastases and a simular type
of flushing  These patients were described by Waldenstrom at a meeting of the
Swedssh Society of Internal Medicine 1n 1952 and at the same time a further case
was contributed by the pathologists  Four more cases were subsequently recog
atzed tn Sweden by the peculiar flushung alone and Thorson ef af (1954) published
a full account of all these cases together with others they had collected from the
hiterature  They considered that the association of flushing diarrhoea and pul
monary stenosts with a metastasizing carcinord tumour in SO many cases was
unlikely to be fortuitous and that these features constituted a hitherto unrecogmized
syndrome
Meanwhile Isler and Hedinger (1953) of Zunich had also published reports of
3 patients with mal and pul 'y stenosts and had suggested
that these abnormalities might be related Several other case reports followed
these ptoneer descriptions and a review of the earlier literature brought several
more cases to light the earltest being Sir Maurice Cassidy s (1931) A particularly
of the synd was given by Millman (1943) but fus
:‘(penencc was limited to this one case and he regarded the association as fortuitous
However unlikely 1t may have seemed that such a curtous assortment of features
could have a Ity with such an apparently tert
tumour asa carcinord these collective case repons established a relationship beyond
doubt The discovery by Lembeck (1953) that ds secreted
a possible explanation for the symptoms and there can be little doubt that the
of the 3 ata tlme when the propemes of serotonin

were being y Inve d ly d the interest 1n both
subjects

SEROTONIN (5 HYDROXYTRYPTAMINE)

The of was first sug; d by the early observations that
defibrinated blood contained a substance which caused vasoconstriction and often
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brought perfusion experiments to an untimely end  This effect could be prevented
by prelmimnary perfusion through the lungs (Herrick and Markowitz 1929) an
observation of added significance at the present time  The numerous attempts to
1solate and identify this substance ended n failure untit Rapport er al (1947
1948a b) 1solated a crystalline compound which they called serotomn and which
subsequent investigation showed to be S hydroxytryptamne (5 HT) (Rapport
1949) 5 HT was subsequently synthesized first by Hamlin and Fischer (1951)
a(\;l;lsl‘;x)ler by Spester eral (1951) Asero efal (1952) and Harley Mason and Jackson

Meanwhile Erspimer ef a/ had been attempting to 1solate and identify the
factor tesp for the & t { properties of the enterochromaffin cells
of the alimentary tract Vialli and Erspamer (1933) described a series of colour
reactions and pharmacological efects for this substance which they called enfer
amine and 1ts indolic nature was first suggested by Erspamer as early as 1946
With the aid of paper chromatography Erspamer and Borett: (1951) were able to
separate enteramine from contaminants and 1t was identified as S HT by Erspamer
and Asero (1952)

Since carcinoids are derived from enterochromaffin cells 1t was logrcal o assume
that they might also be rich 1n $ HT  Feyrter and Unna (1937) isolated an
unidentified substance from a carcinord tumour but it remaimned for Lembeck
(1953) to confirm the presence of large quantities of 5 HT m a carcmord thus
vindicating Masson s (1928) prophetic msistence that carcinoids were endocrine
tumours It 1s not surprising therefore that Thorson ef al (1954) suggested that
an excess of circulating 5 HT mught be responsible for the syndrome they described
and confirmatron that 5 HT was indeed produced 1n excess in these patients was
provided by Pernow and Waldenstrom (1954) Page et al (1955) and Snow et al
(1955) To what extent this finding explains the symp will be d d later

Formation and metabolism

It has been shown that 5 HT 1s derived from dietary tryptophane by preimmary
hydroxylation to 5 hydroxytryptophane (Udenfriend er a/ 1953) which 1s then
decarboxylated to 5§ HT (Clark et al 1954) The enzyme responsible for catalysing
the first stage has been found 1n the Iiver and the kidney while the decarboxyiase
1s more widely distributed (Gaddum and Grarman 1956) More recently, Sjoerd
sma ez al (1956b) found 5 hydroxytryptophane decarboxylase but not tryptophane
hydroxylase 1n extracts of carcinoid tumour tissue  They pointed out that the
latter enzyme 1s difficult to demonstrate 1n any 1solated tissue and that faiture to
find 1t does not necessarily imply 1ts absence Smuth ef @/ (1957) have meanwhile
found 5 hydrosytryptophane as well as 5 HT 1n the vnne of a patient who had
a carcinod metastass m the kidney This had almost certainly been formed by
the tumour cells and 1t therefore seems likely that the whole synthesis of 5 HT
from tryptophane can be carried out m the tumour itself and presumably 1n nor
mal enterochromaffin cells too

5 HT 15 rapidly oxidized by amtne oxidase which 1s present 1n the lung {Bradley
etal 1950) the iver and the kidney (Blaschko and Philpot 1953) to 5 hydroxy
ndole acetic acid (5 HIAA) (Syoerdsma et al 1955) which s excreted 1n the unine
Other § hydroxymdoles are probably formed as well since Sjoerdsma et al (1956b)
only able to recover 80 per cent of 5 HT given to normal subjects as nrnary
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S-HIAA as many as 14 other indoles have been found in the unine of patients with
caremords (Macfarlane et a/  1956) A small proportion of the unnary 5§ HIAA
may not be derived from 5 HT (Blaschko and Hope 1955) but the enormous
amount found in patients with carcinoids 1s undoubtedly due to the excesstve
secretion of 5 HT and provides a t ind bly ndex of
5 HT production

Using this index Sjoerdsma e af (1956b) have shown that 1n normal individuals
only about 1 per cent of the dictary tryptophane 1s converted to 5 HT whereas
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this proportion may reach 60 per cent 1n patients with carcinoids  Correspondingly
less tryptophane 1s thus available for conversion to mcotinamide which may
explan the occasional occurrence of pellagra tn these patients (McNealy and Jones
1946 Currens er ol  1945)

Pharmacological effects

The pharmacological effects of 5 HT have been mtensively studied and full
accounts have been given by Erspamer (1954) Page (1954) and Robson and Keele
(1956)  Unfortunately many of the eflects vary with the preparation and ammal
used and results must be applied to man with caution Nevertheless some actions
2ppeat to be well established and help to explamn the pathogenesis of certain features
of the carcinord syndrome

The vascular responses to 5 HT are especially vanable under different conditions
and in different spectes Acting directly on vessels 1t causes vasoconstriction but
Page and McCubbin (1953) believed that inhubition of existing neurogenic vaso
constriction 15 a more 1mportant effect and that depending on the degree of neuro
genic control present the response may be pressor or depressor  They suggested
the term amphibanic to describe this variable response  One of the most pro
nounced effects of 5 HT 1s to increase alimentary perstalsis probably due to
stimulation of postganglionic cholinergic fibres 1n the intestine (Gaddum and
Hameed 1954) Injection of § HT intravenously or wto the night aurcle 1 cate
caused both by h tction and pul y 10n with a conse
quent rise in pulmonary artery pressure Injections nto the pulmonary veins
{Reid and Rand 1952) or left ventricle (Comroe et al 1953) on the other hand
were without effect  The renal effects of 5 HT have been studied by Erspamer
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(1954) who claimed that 1t infubited the diresis of water loaded rats probably
by afferent glomerular arteriolar constriction and beheved that 1t was 1dentical
with the stable antidwuretic substance of Ginsburg and Heller (1951)  Page (1954)
and Ius colleagues however were only able to produce ohigunia with hypotensne
doses of S HT

There have been very few observations on the effects of 5 HT in man possibly
dure to the unpleasant sensations which may be produced  On intravenous injection
the symptoms range from nothing at 1l to tingling or pricking of the skin difficulty
it breathing an urgent desire to empty bowels and bladder abdomnal pams
weakness nausea and a sensation of impending dissolution

The signs have included hyperpnoea and tachycardia The blood pressure
response 1s varable but usually only shght in esther direction (Page 1954) and
blushing was observed by Page and McCubbin (1953) 1n several hypertensive
patients who were gnenntravenous 5 HT

The distribution and functional sigmficance

5 HT has been 1dentified mn the alimentary tract blood spleen and bramn of
vertebrates (Erspamer 1954 Amun et a/ 1954) the salnary glwnds of octopods
the skin of amphibia (Erspamer 1954) the venom of wasps {but not of bees)
(faques and Schachter 1954) n the trichomes of the plant Mucuna prunens
(Bowden et al  1954) and 1n the sting of nettles (Collier and Chesher 1956)

Normally practically all the 5§ HT in the blood 1s present m the platelets
(Humphrey and Jaques 1954) and Udenfriend and Weissbach (1954) suggested
that the megakaryocytes may be the source of § HT However there 1s no evidence
to support this suggestion and as Humphrey and Toh (1954) have shown that
platelets avidly absorb 5 HT they suggested that the latter 1s formed in the entero
chromaffin cells or elsewhere and subsequently taken up by the platelets Toh
(1954) has produced evidence 1n support of this view  The source of 5§ HT m the
central nervous system 1s at present unknown

The wide distribution of 5 HT coupled with 1ts intense pharmacological actvity
suggests a role of considerable biological importance and Erspamer (1954)
considered 1t to be a true hormone At the present ime however there 15 no
definite evidence that 5 HT has a physiol | function althoush several have
been suggested  Correll er al (1952) suggested that by virtue of its vasoconstrictive
properties 1t may play a part 1n securing haemostasis but Erspamer (1954) has put
forward reasons for doubting this Page and McCubbin (1953) considered that
1t plays a part 1n the control of vasomotor tone but ths suggestion has also been
criticrzed by Erspamer (1954) who believed that 1ts most mmportant effect was ot
the kidney but this view has in turn been refuted by Abrahams and Pichford
(1956) A 1 to all these 1s the normal absence of
5 HT from the plasma

The presence 1n and probable formation of 5 HT by the enterochromaffin cells
suggests a possible action on wntestinal activity  Symilarly the presence of § .
sn the bramn and the mduction of schizophrenic states by 5 HT antagonists lei
Woolley and Shaw (1954) to suggest that 1t played an smportant part m nervs
metabolism  On the other hand Feldberg and Sherwood (1954) have 150“"
experimental evidence of behavioural effects from an excess of 5 HT in the brain
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but only one patient with the carcinoid syndrome has so far been reported to have
had a psychosts and even this was probably incidental (Sjoerdsma et al  1956b)

PATHOLOGY

The pathology of d tumours 1s ad 1y dealt with in standard text books
but there are a few points which seem to require special mention mn view of recent
developments

Demation

Carcinoids are tumours derved from the yellow Kultschitzky or enterochro
maffin cells of the alimentary tract These cells take up both silver and chrome
salts (hence the alternative names argentafli and cl ffi ) and are
widely distnbuted througt the y tract from h to rectum
they may also be found n the bile ducts and pancreas  Their onigin has never
been satisfactonly settled but Danisch (1923) suggested largely on the basis of
staining a devels 1 hip with the p gangha
and adrenal medulla  Staiming reactions alone are of course no proof of such
relahonshxp but the recently established secretory function of the chromaffin cells
of the alimentary tract does bring them more 1nto line with those of the adrenal
medulla and the clinical similarity between phaechromocytomas and carcinosds
1s 1mescapable

Only g ar Iy with hepatic dary
dcposlls—appear to be capable of causing the syndrome presumably because the
5 HT output of the primary tumour alone 1s wmsufficient to have any effect  Evel

extensive metastases do not necessanily cause symp and 1t has ding}
been suggested (Waldenstrom and 1 berg  1955) that ds may be
denved from more than one type of ffin cell with q dufTe m

the secretory activity of the tumour It 15 known that macroscopically some
carcinoids appear yellow and others white and Jacobson (1954) distinguishes
between argentaffimic  and argyrophilic  cellsonthe basis of staiming reactions
but there 15 no conclusive evidence that there 15 any difference between these cells
as regards the of SHT § 1 on the bility of two distinct
types of precursor cell may 1n fact be based on a fallacy for although not all
metast. 4 ds are d with the syndrome an increased secretion
of 5 HT has been demonstrated in all patients 1n whom this investigation has
been carned out whether symptoms were present or not

Other explanations must account for the failure of quite large quantities of § HT
to have any apparent effect yn some patients but unless further investigations show
that some carcinouds do not secrete 5 HT there appears to be no need to postulate
different types of tumour The admittedly wide variatton in the output of 5 HT
even of similar sized growths may have a simple explanation for 1t 1s only to be
expected that the secretory activity of different tumours will vary depending
pethaps on therr degree of differentiation

Although the argentaffin granules are thought to be due to the presence of 5 HT
orarelated matenal (Barter and Pearse 1953) no attempt seems to have been made
to correlate the secretory activity of the tumour with the histological appearances
and 1t may be significant that of two cases seen by the author these granules were
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numerous in the tumour cells of one patient with very severe symptoms and a high
output of S HT but practically absent 1n the other who had very mild symptoms
and only a shight increase in the 5 HT output
Malgnancy of carcinord tumours

Carctnoid tumours vary widely in their degree of malignancy even in those with
undoubted metastases While some patients run the rapidly downtull course of
most types of cancer others may live for 10 or 20 years with Iittle change and a
strtking absence of cachevia  Mallory (1940) for example described a patient in
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whom carcinoid metastases found at laparotomy were unchanged at autopsy
20 years later and one of Waldenstrom s patients was still alive 10 years after
metastases were first noted whilst another died 16 years after a laparotomy dis
closing metastases To account for this unusually slow progression 1n some
patients Waldenstrom and Ljungberg (1955) suggested that the tumour masses
anse from multiple hyperplasia of the enterochromaffin cells rather than from
true pl with a d for which they propose the term

carcinoidosis There 1s however no ewvidence to support this suggestion
although 1t 15 known that carcinouds are often multiple (Foreman 1952) Karsner
{1949) has stated that removal of the prrmary tumour may prevent progression of
metastases but this belief may have arisen from the very slow progresston of some
of these tumours whether the primary growth remains or not Nevertheless 1t
seems worth while to remove the latter whenever possible The most commton site
Is the lower ileum and not as mught be supposed n the appendix only about
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4 per cent of the well known diceal carcinoids (kang 1943

compared with 20 per cent of those [rom the 1leum (Cooke 1931) Other primary
sites include stomach jejenum Meckel s diverticulum colon rectum gall bladder
pancreas ovanan teratoma and testis

One of the most puzzling features of the syndrome 1s the occurrence of pul
monary and tricuspid valvular lesions  Chimically the pulmonarv valve appears
to be most commonly affected but lesions of the tricuspid have been found to be
equally common at autopsy  Fibrous thickening of the valve cusps and shortening
of the chordae tendincae are usually present but there 1s no mdication of how
these changes anise

CLINICAL FEATURES

The principal elimical features of the syndrome 1n the first reported cases included
flushing diarrhoea valvular Iesions of the night side of the heart enlargement of
the lver and occastonally bronchospasm At the ime of writing over 50 examples
of the syndrome hasve been recorded enabling the relative frequency of these
mamfestations to be assessed Over 80 per cent of these patients had flushing
75 per cent had diarrhoea or colic 65 per cent had valvular lesions 1n the heart and
IS per cent had  asthma The most constant feature of all however was
hepatomegaly present 1n over 90 per cent of cases  Since the symptoms apparently
depend on the presence of a large bulk of secreting tumour tissue of which the
Iiver 15 wsually the man site this almost P of 15
understandable  These clinical features will now be considered 1n detail

Cutaneous yascular Phenomena

Although the term flushing  has been used hitherto this 1s only one of several
types of skin change some of which are permanent and others paroxysmal

Telangrectasia

The permanent changes include telangiectasta—particularly of the bridge of the
nose—and pigmentation and scaling of the forearms and knees sometimes amount
1ng o frank pellagra  Some patients have a permanently flushed face (Plate I)
often with a cyanotic component whilst others have marked cyanosis of the hps
and cheeks independent of any cardiac farlure

Paroxysmal changes

The paroxysmal changes are even more charactenstic and in the most common
form the face and Jater the whole body flushes to a uniform and intense red
Sometimes the erythema may be blotchy and closely resemble the emotionally
conditioned flush of neck and chest so often seen at medical exammnations  Most
charactensue of all but the least common 1s the flush ongnally described by
Waldenstrom ef af and consisting of areas of erythema pallor and cyanosis all
intermingling 1n a rapidly ch kal pattern lly on the arms
orlegs An excellent tllustration of this type of flush was published by Walden
strom and Lyungberg (1955) Subjectively the patient may be unaware of milder
attaks but more often the hands and face prickle or feel hot or become

stff  or swollen and they may actually become oedematous With more
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severe attacks symptoms such as sweating palpitation dyspnoea weakness
nausea a sensation of pressure n the eprgastrium and a feeling of tenseness may
be present  Changes in the blood pressure and pulse are usually shight but i very
severe attacks as described by Snow et al (1955) and by Heimark and Parkin {1956)
hypotensive collapse can occur, with intense cyanosis of the extremtties and a
cold wet skin The main complaint during such episodes may be of ntense weakness
a sense of suffocation and epigastric pain ~ Although each flush may last only a
few seconds 5 or 6 minutes 1s more ustal but hypotenstve crises may last up to
12 hours  The haemodynamic changes during flushing have been studred in detail
by Thorson (1956)

Precipitating factors of flushing

Although many attacks of flushing may occur without apparent reason certain
precipitating factors may be recogmzed the most constant seem to be a meal or
a drink and n one patient (Blechen 1955} attacks occurred constantly withut 2
few minutes of eating a fatty meal 1n two others (Snow ef al 1955) invanably after
mnute quantities of alcohol To explain such phenomena 1t has been suggested
that 5 HT may be released from 1ts tumour depots 1n response to an intermediate
hormonal mechamism akmn to the action of secretin on the pancreas (Lancet 1955
Macfarlane et al 1956) Other but less constant precipitating factors may be
emotional upsets and standing (Waldenstrom and Ljungberg 1955) Daugherty
et al (1955) were able to induce flushing by palpation of a pelvic tumour deposit
and by intr: h but } had no effect 1n other patients and
pressure on the Itver (as opposed to direct pressure on a tumour mass) has not
been reported as causing a flush

Abdominal symptoms

Although various abdomunal symptoms have been described none of them s
specific  Watery diarrhoea 1s most common and sometimes occurs m bouts
comerding with attacks of flushing and associated with intestmal colic and bor
borygmi  Some patients complain of epigastric discomfort described as a

weight or pressure  durng flushing attacks Ot physical signs m the
abdomen ascites 15 fairly common and associated with enlargement of the lver
due to secondary deposits which 1s almost mvariable

Valvular lesions of the heart

Valvular lesions of the heart have been found n about two thirds of the p:ment‘s
Clinically pulmonary stenosis 1s most ly d d but pathol 1
the tricuspid valve 1s found to be almost equally affected It 1s rare that signs of
an aortic or mutral lesion or a combrnation of the two are present  These patients
not infrequently die of heart failure rather than of malignant cachexia

Muscellaneous features
Dyspnoea s common and in some patients will be due to cardiac decompensation
It may however occur during attacks of flushing and n ‘the absence of valvular
lesions or hypertension Bronch may be resp 1 some patrents 1n
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The permacent flush of a patient with a mahgnant carcinord
{8 coweesy of Gastroenterologra and Sando ¥ innted )






CLINICAL FEATURES

others there 1s no auscultatory evidence and there 1s a possible alternative explana
tion which will be discussed later

Other symptoms which have been reported mnciude dependent ocdema 1n the
absence of congestive heart fatllure and severe weakness sometimes accentuated
during episodes of flushung and out of proportion to the degree of cachexia which
1s often only shght Some or all of these featurcs may be present in the same
panent In keeping with the varying degree of mabgnancy of argentaffin tumours
the duration of symptoms may vary from a few months to 20 or 30 years (Fraser
1955 Snow ezal 1955) The composite clinscal prcture which may occur 1n this
condition 1s perhaps best illustrated by quoting two case histories

In the first patient a man aged 61 years facral flushing began 9 months before he
died Atfirst attacks were provoked by alcohol but they soon occurred spontaneously
and after 4 months his face was a permanent deep red colour (Plate I) by this time
tis hver was hard rrregular and greatly enlarged  Attacks conttnued about twice
datdy and tn them the whole body became bright red the facial colour even more
marked Each episode was associated with an urgent destre to defaecate and watery
drarthoea soon became troublesome  The patient progressively lost werght and
developed dependent oedema about 2 months before he died the flush began to fade
as cachexia increased

The second patient a2 woman aged 58 years began to have watery diarrhoea 2 years
before she died  Soon afterwards she started to lose weight and became progressively
more lethargic and breathless  After 18 months of diarrhoea she noticed attacks of
flushing of the hands and face 3 or 4 ttmes a day or usually after meals and assocrated
with palpitation  Usually there was a shght flush but on one occasion transient
blotches of pallor erythema and cyanosts were observed  Int addition to munor flushes
she also experienced several severe attacks of hypotensive circulatory collapse wath an
almost black cyanosis of the extremities  During such an attack which usually lasted
several hours breathing became difficult and a sense of pressure was felt in the ept
gastrum A large hard wuregular liver was noted about 5 months before her death
butit had presumably been present for considerably longer  She died after an unsuccess
ful attempt to resect the tumour

THE PATHOGENESIS OF THE CARCINQOID SYNDROME
There 15 no doubt that some and perhaps all carcinowds secrete S HT and certam
features of the syndrome may be explicable on thus basis
Drarrhoea

Duarthoea and other gastro intestinal symptoms are almost certamly due to
SHT and not as has been sugpested to any local effect of the tumour

Yahvular lesions

The difficulty in breatiung expenenced by some patents who have nerther
Yalvular lesions nor heart fatlure can be due 1n some cases to bronchoconstriction
bt i others the mechamsm 1s usknown though it may perhaps be due to pul
monary vasoconstriction which 1s 2 known effect of 5 HT

No convincing explanation of the valvular lesions has been put forward but
their virtual restrction to the right side of the heart 1s to be noted as 1s the lugh
::‘m';cemratmn of 5HT 1n venous and putmonary arterial blood compared with

S 10w concentration 1n arterial blood (Goble ef al  1955) owing to its mactivation
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by the lungs Mchusick s (1956) case 1s particularly instructive  all four valyes
were affected but an atrral septal defect was present presumably allowing 5 HT
to short crrcuit the lungs  Assuming that there 15 a relationshup 1t 1s still difficult
tosee how 5 HT whose only known effect on the lesser circuit 1s to cause pulmonary
hypertension could lead to gross scarring of the valves Syoerdsma et al (1956b)
suggested the possibility of a generalized effect of 5 HT on connective tissue as
some of their patients had arthnitis Asboe Hansen and Wegelius (1956) have put
forward evidence in support of this view

Flushing

Although runor degrees of flusting have been observed on intravenous mjection
of 5 HT (Page and McCubbin 1953) nothing comparable to the intense over all
flush or to the rarer cyanotic and erythematous mottling of the carcinoid patient
has been produced experimentally Nevertheless Sjoerdsma ef af (1956b) believed
that the flushing 1s due to 5 HT and although other alternatives have to be con
sidered 1t does seem to be the most likely cause

Pellagroid features

The genesis of pellagroid features in some patients has already been discussed
Sjoerdsma ef al (1956b) believed that a dary tryptop by
causing hypopr 1s responstble for oedema and ascites which may appear
carly and in the absence of heart farlure  The levels of plasma proteins however
tend to be lgher than in most types of hypoproteinaemic oedema so that some
other factor may be involved

Plasma S-hydroxytryptamine esfimations

Assuming that 5 HT 1s mainly responsible for the carcinoid syndrome why 1s
there no constant correlation between the secretory activity of the tumour as
indicated by the output of 5 HIAA and the sevenity of the symptoms?

1t should first be noted that the urinary excretion of 5 HIAA while reflecting the
total production of § HT does not give any reliable indicatton as to the amount
m crrculation and particularly that free in the plasma 1t 15 however only the
latter fraction which can be expected to cause symptoms  Further neither serum
nor whole blood estimations of § HT are reliable the former because of a vanable
release of 5§ HT from the platelets and the latter because 5 HT 1s absorbed by the
red cells from which recovery 15 incomplete (Hardsty and Stacey 1955 Only
plasma 5 HT estimations can be considered satisfactory for correlation with
symptoms In the few studies carned out in which the plasma estimations have
been performed by a reliable method such as that of Hardisty and Stacey (1955)
5 HT has shown a considerable increase 1n the plasma suggesting that the normal
mechanisms  for its removal are over loaded Vanations m the efficiency of
these mechamisms may partly explain the lack of corrclation between secretion
and seventy of symptoms but Davison and Sandler (1956) were unable to
find an adaptive increase 1n lung amineoxidases

The site of the main bulk of the tumour tissue may also be tmportant asitis
notable that the majority of patients with symptoms have hepatic or pelvic secon
danes which would release 5 HT almost direct mto the infertor vena cava  On
the other hand 5 HT secreted by mesenteric deposits would be oxidized by the

272



THE PATHOGENESIS OF THE CARCINOID SYNDROME

Tiver before 1t reached the general circulation  Another factor may be the deselop
ment of tolerance for Gaddum and Hameed (1954) and Ginzel and Kottegoda
(1954) have shown experimentally that tolerance 1s rapidly developed a patient
therefore who had had a high blood 5 HT for years might have serv different
symptoms from one 1n whom the disease was of recent onset

Histarune actinvity

Certain other substances have to be taken into account in addition to § HT
Pernow and Waldenstrdm (1954) for eximple found Jarge quantities of hustamine
10 the trine of one patient with flushing attacks and a carcinoma of undetermined
ongin but the absence of 5 HT suggested that 1t may not have been an argen
taffinoma  Waldenstrom ef al (1956) more recently described other patients who
undoubtedly had the true carcmord syndrome and who were excreting large
amounts of histarune as well as 5 HIAA but they did not find an excess of
hustamme 1 all patients and sts role 15 at present difficult to assess  There 1s
however the interesting question of the source of the huistamine 1t 15 known that
Wt can be liberated by 5 HT (Feldberg and Smith 1953) the presence of large
quantities rather suggests that the source may be the tumour itself

Undentified active substances

When first demonstrating the presence of $ HT in carcinord tumour tissue
Lembeck (1953) noted that about half the activity was due to an unidentified
substance other than 5 HT not h b P acetylcholne or 1
Snow et al (1955) also found an umidentified active substance in the tumour tissue
in one of their patients and Syoerdsma er al (1956b) found two unidentified
5 hydroxyindoles 1n the tumour tissue and urine of one of their patients  Some of
the discrepancies 1n correlating the carcinoid syndrome and the known effects of

SHT 'aS we}l as Tor the difT mindividual patients may
P by the part o or other active substances 1n some
of these cases
DIAGNOSIS

;&s might be expected a clinical dragnosss 1s usually possible but this may not be
0‘ Simple as the chnical description of the fully developed syndrome might suggest
¥10g to the misleading ways in which the symptoms may present Many full

deseriptions of ¢
rarely stated he syndrome have been published but the presenting symptom 1s

of!:};cem at the menopause 1n women there are few examples m chinical practice

uad:’]shmg severe enough to warrant medical advice so that the diagnosis should
2 sym)'lt:m'nc to mind 1f thus 1s the presenting symptom Despite 1ts frequency as
se:msp‘::l 1n this condition however the patient often omits to mention it as 1t
D2ins w |l(m 10 have no beaning on the main complamt of diarrhoea abdomunal
flush 55 cakness or dyspnoea  None of these 1s diagnostic and unless a permanent
sympmnl:n“m Or one 1s witnessed during exammation this valuable diagnostic
third m,emay not be recognized In one patsent for instance 1t was only at his
flushy, iew that flushing was noticed and the true diagnosts made Since

ng had been present for 20 years he very reasonably thought 1t irrelevant to

S
ain complaint of abdominal pam It 1s not suggested that all patients with
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by the lungs  McKusick s (1956) case 1s particularly instructive  all four valves
were affected but an atrial septal defect was present presumably allowing § HT
to short circuit the lungs  Assumung that there 1s a relationship 1t 1s stell difficult
tosee how 5 HT whosc only known effect on the lesser circuit 1s to cause pulmonary
hypertension could lead to gross scarnng of the valves  Sjoerdsma et al (1956b)
suggested the possibility of a generalized effect of 5 HT on connective tissue as
some of their patients had arthntis Asboe Hansen and Wegelis (1956) have put
forward evidence 1n support of this view

Flushing

Although minor degrees of flushing have been observed on nteavenous mjection
of 5 HT (Page and McCubbin 1953) nothing comparable to the ntense over all
flush or to the rarer cyanotic and erythematous mottling of the carcinoid patient
has been produced experrmentally Nevertheless Sjoerdsma et of (1956b) believed
that the flushing 1s due to 5 HT and although other alternatives have to be con
sidered 1t does seem to be the most likely cause

Pellagroid features

The genesis of pellagroid features 1n some patients has already been discussed
Syoerdsma et al (1956b) believed that a dary tryptop d Y
causing hypopr 1s responsible for oedema and ascites which may appear
early and in the absence of heart failure The levels of plasma proteins however
tend to be higher than 1n most types of hypoproteinaemic oedema so that some
other factor may be mvolved

Plasma 5-hydroxytryptamine estimations

Assuming that 5 HT 1s mamly responstble for the carcinoid syndrome why 15
there no constant correlation between the secretory actwity of the tumour as
ndicated by the output of 5 HIAA and the severtty of the symptoms?

It should first be noted that the urinary excretion of 5 HIAA while reflecting the
total production of § HT does not give any rehable indication as to the amount
n crrculation and particularly that free in the plasma 1t 15 however only the
latter fraction which can be expected to cause symptoms Further neither serum
nor whole blood estimations of 5 HT are reliable the former because of a vanable
release of 5 HT from the platelets and the latter because 5 HT 15 absorbed by the
red cells from which recovery 1s mcomplete (Hardisty and Stacey 1955) Only
plasma 5 HT estimations can be considered satisfactory for correlatron with
symptoms In the few studies carried out 1 which the plasma estimations have
been performed by a rehable method such as that of Hardisty and Stacey (1955}
5 HT has shown a considerable increase 1n the plasma suggesting that the normal
mechamisms for its removal are over loaded  Varations 1n the effictency of
these mecharusms may partly explamn the lack of correlation betwe-n secretton
and severity of symptoms but Davison and Sandler (1956) were unable to
find an adaptive increase in lung ammeoxidases

The site of the main bulk of the tumour tissue may also be important as 1t 15
notable that the majonity of patients with symptoms have hepatic or pelvic secon
daries which would release 5 HT almost direct into the mferior vena cava  On
the other hand 5 HT secreted by mesenteric deposits would be oxidized by the
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TREATMENT

Although many antagomsts are known (Woolley and Shaw, 1954 Gaddum and
Hameed 1954) only a few can be used therapeutically  The most potent 1s lysergic
acid diethylamide (LSD) but this even i small doses 1s liable to cause mental
disturbance so that its use 1s very limuted  Sjoerdstna e al (1956a) pave 80
micrograms 1o a patient with the carcinord syndrome and the usual mental effects
were produced  but contrary to expectation a severe flush occurred with a sharp
nise in blood pressure A second patient g 40 8 developed an
attack of asthma The brominated derrvative of LSD (BOL 148) stated to
have almost the same potency as LSD but without the mental effects has also
been used (Snow ez a/ 1955 Waldenstrom and Ljungberg 1955) in doses up to
75 milligrams daily for 3 weeks but with httle or no benefit It 1s possible that
even higher dosage may be necessary The only other antagonist used has been
ergotamme but 1t has been nefTective

Reserpine 1s said to release 5 HT from its depots (Pletscher e @/ 1955) and the
admunstration of large doses to carcinoid patients may be dangerous However
used cautiously appropnate and long-continued dosage could lead to depletion
of 5 HT and reltef of symptoms  To the time of wnting the only report of its
vse and without effect has been the administration of 4 nulligrams in 24 hours
(Daugherty et al  1955) and the author has given ] milligram daily to one patient
also without any change 1n the symptoms or of 5 HIAA excretion over a period of
3 months

The dervation of 5 HT from tryptoph has been d and Smith
el al (1957) found that the output of 5 HIAA could be lowered by giving a low
tryptophane diet but this regime cannot be used therapeutically because of the
increased Liability to pellagra A low tryptop diet with 1 of
meotinamide might be effective but the results of such a regtme have not been
reported

In view of the possible role of histamine in some cases antthistammes have been
given but without success (Snow er a/ 1955 Waldenstrom and Lyungberg 1955)

It s doubtful 1f any of these forms of treatment which are mainly directed to
the relief of symptoms have any effect on prognosis

The most suecessful therapeutic effects have been achieved by the intraperitoneal
or mtravenous injection of radioactive collowdal gold (***Au) which becomes
concentrated in the liver (Daugherty et al 1955 Goble et al 1955) or by surgical
resection of large masses of the tumour tissue (Thorson e of 1954)  When
laparotomy has been performed however there have beer many cases m which
It was impossible to remove sufficient tumour tissue to be effectrve  Nevertheless
1t 1s worth while to try and remove the pnmary growth whenever possible Other
wise the prognosis 15 determined by the malignancy of the tumour and can be
summed up by the generalization that a short history indicates a poor prognosis
and a long history & good one
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CARCINOID TUMOURS AND SEROTONIN
diarrhoea or other relevant symptoms should be asked if they flush for many will

admit to 1 flushes or I ! some of which can closely
resemble the mulder flushes of the paticnt with a carcinoid tumour 1t 55 well to
that I galy 1s the most chinical finding and that of

1
absent the diagnosis 1s unlikely although occastonal cases have been reported
without liver metastases  The combination of valvular lestons of the right heart
with flushing and hep galy 1s almost di Ic

Confirmatory tests

Whatever the role of 5 HT n the d synd its presence
increased amounts may be used for confirmatton of the diagnosis

Varnious pharmacological and chemical methods for the assay of 5 HT have been
described (Robson and Keele 1956) but they are unsuitable for routine diagnostic
use and Page et al (1955) suggested that the increased output of 5 HIAA in the
unine may be a more convemient guide  Normally no more than 10 mulligrams of
5 HIAA s excreted in the 24 hours (Sjoerdsma and Udenfriend 1955) whereas
1n the carcinoid syndrome this figure may vary from approximately 40 milligrams
(the lowest figure reported in patients having symptoms) to over 2 grammes  So
far as 1s known at present an increased output of 5 HIAA 15 diagnostic of argen
taffinoma apart from 1 slight n other al y neopl:
(Clerc Bory et al  1954)

5 HIAA has the advantage of being relatively stable provided the urmne is
acidified no other precautions are needed 1n collection The method for the
estimation of 5 HIAA used by Page er a/ and described by Udenfriend et al
(1955) was rather cumbersome and with increasing mterest in the subject the need
for a more convenient techmque and 1n particular for a raptd screemng test
became apparent

Sumpler quantitative methods have now been evolved by Hanson and Senn
(1955) and Macfarlane ef af (1956) and the onginal descriptions should be con
sulted for detail Two qualitative methods have been described combmning
rapidity with extreme simplieity and consequently are of value as screening tests
That deseribed by Hanson and Serin (1955) merely consists of boiling, equal parts
of unine and Ehrlich s aldehyde reagent a blue colour denoting the presence of
excess 5 HIAA  Unfortunately interference by urinary pigments may be trouble
some Curzon (1955) evolved a very simple chromatographic techmque of
comparable sensitivity but 1t takes almost 2 hours to carry out It has the advan
tage however of ndicating the presence of 5 HT as well as 5 HIAA and occaston
ally this may be ymportant In one patient for example the excretion of 5 HIAA
was only shghtly raised and the urine failed to give a blue colour with Ehrlich s
aldehyde reagent The output of 5 HT however was greatly mncreased and
readily detected by Curzons method ~ Although Hanson and Serin s method 15
quicker and simpler 1t would be unwise to give up the chromatographic techmique
unti] the relative ments of the methods have been further assessed mn practice

TREATMENT

Since many of the symptoms may be due to 5 HT serotonin antagonists have been
used n an attempt to alleviate them
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THE GENERAL ADAPTATION SYNDROME

soctety was once plunged into the Dark Ages  The confusion 1s best exemplified
by sull another analysis (Roberts 1950) from the same publication also wathin
the same three week period tn which the author came to the conclusion that

Stress m addition to being itself and the result of itself 15 also the cause of itself

Most of the misunderstanding arose from the widespread practice of specious
over without th: h knowledge of the fundamentals of stress
research  On the other hand upenmcms by
designed to test the validity of specific aspects of this theory were responsible for
bringing about certain modificanons and extensions of the 1mutral concept as well
as defining the areas where further gaps remamed

THE GENERAL ADAPTATION SYNDROME

The concept that the orgamsm reacts to distressing situations 1o terms of highly
integrated metabolic activities is notnew It was Cannon (1914) who first published
hts 1nvestigations on the adrenal medulla 1n which he showed that emotional
stimuly were capable of releasing a substance which would prepare the animal for
flight or for defence We are all familiar with such adrenergic responses which
cause tachycardia increased cardiac outpul hyperglycaemua possibly contraction
of the spleen and other such as wid; of
the pupils h and other which might teleologically be
interpreted as being purposeful reactions

It was somewhat agamst this background that Professor Selye first reported
{Selye 1936) a senes of evpenments which indicated that laboratory ammals
exposed to a variety of widely different and even opposite rovious stimulb all
responded 1n the same stereotyped manner This pattern of response to non
specific stress was charactenized by enlargement of the adrenal cortex nvolution
of the thymus and lymphatic organs and the development of gastro-intestinal
ulcers  Since its nature suggested 2 call to arms  of the body s defences 1t was
termed the Alarm Reaction Further vestigations revealed that if exposure
to the speaific stressor was continued a stage of resistance would occur dunng
which resulted 1nt adap to the speaific stressor and finally
after \I d a stage of ¢ would ensue dunng which the
acquired adaptanon or resistance was lost  To this tnpartite response was given
the name the General Adaptation Syndrome Its three phases were the

Alarm Reaction  when adaptation had not yet been acquired the  Stage of
Resistance  when adaptation to the speaific stressor was maxmum and the

Stage of Exhaustion 1n which the acquired adaptation was uscless or lost
Failure of the organism to adapt successfully might occur as a result of Jack of
adaptational responses excessive adaptational actvities or abnormal adaptational
reactions  Such disorders ansmg from faslure of the orgamism to adapt successfully
were termed  Diseases of Adaptation  although more properly they should be
considered as disorders of maladaptation

Alarm reaction

On further study the alarm reaction appeared to comprse two sets of phe
nomena those which were passive and represented signs of damage or shock
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CHAPTER 21t

THE GROWTH AND DEVELOPMENT OF THE STRESS CONCEPT
AND ITS SIGNIFICANCE IN CLINICAL MEDICINE

PauL J Rosch

It 15 noT the purpose of this chapter to analyse 1n detail the tremendous wealth of
materal that has accumulated on this subject over the past 20 years Thus mmpor
tant service has been and 1s being rendered m comprehensive fashion elsewh
(Selye 1950 1951 Selye and Horava 1952 1953 Selye and Heuser 1954
1955-1956)  Qur main effort will be to trace the salient features of the development
of Professor Selye s theory and to offer an appreciation of its present value to
chinical and laboratory investigators

INTRODUCTION

The desire to create order out of chaos and to make rational the obscure 15 a
fundamental prerequistie for the scientific investigator whether his field of interest
be cosmology nuclear physies or the practice of medicine  Attempts to systema
tize nd correlate the diversified phenomena comprising the subject of dsease
began with the Hippocratic concept of ponos  but were himited for the most
part to the last century the work of Virchow Pasteur and Koch being pre emunent
sn this regard  Apart from such purely nosologic efforts theorses of medicine have
also centred about the response of the individual to disease and in s area the
prescient 1nvestigations of Claude Bernard provided a firm foundation for all
further studies particularly those of Walter Cannon

In the past two decades yet another ympressive basis for a umfied theory of
medicine has evolved 1n the form of Professor Hans Selye s concept of non specific
stress and adaptational syndromes  As 1s the case with any significant departure
from established modes of thinking these new theories were greeted with a range of

sentiment varying from p rejection to hfied end In many
there was derable d ding concerning the relationship
CTH

of these concepts to the discovery and util of adre: { p!
and cortisone and sull further confuston regarding their direct appl to
chimeal medicime Thus an editornal m the Bntish Medtcal Journal  for June 17
1950 described the value of a theory as bemg its capacity to weld together
1solated facts into a whole greater than the sum of those facts and 1 1ts capacity
to stumulate research It further stated  No theory in Iiving memory has posses
sed these virtues to a greater extent than that of the General Adaptation Syndrome
(Anonymous 1950) Three weeks later in the same journal (Metklejohn  1950)
we find the publication of Stress as perhaps serving  very well the same purpose
that Galens book did m the former Middle Ages  the writer cautionng that
we would do well to remember that through deductive speculation civilized
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EXPERIMENTAL BACKGROUND
7 EXPERIMENTAL BACKGROUND

‘The first experiments that were performed attempted to study the effect of the
stressor (cold muscular exercise and so forth) in adrenalectomized laboratory
amimals and this showed that in the absence of the adrenals stress could no longer
produce thymicolymphatic 1nvolution as well as certam other charactenstic
changes On the other hand gastro-intestinal ulcers were actually more severe in
adrenalectomized than in intact animals and could be lessened by treatment with
certain cortical extracts It was concluded that these latter lesions were not
medtated throngh the adrenal but were actually combated by an adequate adrenal
cortical response to stress  On the other hand when adrenalectormized rats were
treated with the impure corucal extracts avaulable at the time 1t became evident that
the ch 1stic thymic 1nyolution as well as other stigmas of the alarm
reaction could be reproduced by these crude agents even n the absence of the
adrenal It was further concluded that these changes were indirect results of stress
and were mediated by certain corticoids
In 1937 an attempt was made to ascertamn what stimulated the adrenal cortex
dunng stress It was found after many surgical interventions that only hypo-
h y p ted the adrenal during the alarm reaction  Subsequent
expeniments demonstrated that stressors were able to stimulate the adrenal cortex
Vi a pituitary adrenocorticotrophic substance later identified as ACTH
Later due to the efforts of Kendall and Reichstein more punified steroids became
lat Usmng d acetate (DOCA) 1t was possible under
certamn experrmental condmons to reproduce 1n rats the charactenstic evidences
of damage seen 1n the general adaptation syndrome These included among
others osts arthntis my ditis  hypertension and polyartenitis
nodosa  Yet even high doses of these compounds could not cause thymico
lymphatic invelution or certain blood changes characteristic of adrenal activity
during stress  When cortisone and other glucocorticoids became available 1t was
evident that these were the agents responsible for the effects noted on lymphoid
tissue and more 1mmportant that these agents could inhibit and protect agamst
certain of damage produced 1n animals by DOCA  This was the
first demonstration of a possible concept of adrenal checks and balances of
comcoxd antagonlsm For a more completely documented description of the
these p should be made to a monograph of

Selye (1952)

THE LOCAL ADAPTATION SYNDROME

Tt had been realized for some time that many local responses to topical injury were
non specific and not himted to a speaific agent The charactenstic phenomena
of nflammation might result from trauma infection chemical irntation or burns
Investigation of the action of topical stressors revealed that certain stmilarities
eusted between systermic and local non specific respcnses Thus  protracted
topreal stress induced a  Local A 1zed by the
famjlar tripartite response  The Tocal alarm reaction reveals degeneration and
necross 1 its shock phase acute inflammation and hyperplasia 1n 1ts countershoch,
phase  This 1s followed by a local stage of resistance characterized by chrome
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and others which appeared purposeful manifestations of active defence against
damage  In those examples of stress from which the organism esentually recovered
the signs of ingury tended to appear before the of defence ph

and the alarm reaction could be conveniently subdivided nto two separate phases
a  phase of shock and a phase of countershock  Thus gastro intestinal
ulcers appeared 1n the imitsal phase and adrenal cortical enlargement with signs
of nereased activity and reparative defensive actions comprised the second of
countershock phase  This second phase of the alarm reaction apparently merged
1mperceptibly into the stage of resistance 1n cases of exposure to chronic stress but
1ts individual rdentity was established by showing that exposure to transient sub
Iethal systemic stress did not result 1n a state of resistance although certain
phenomena of the shock phase could be reversed

Stage of resistance

The stage of resistance was characterized by increased resistance to the specific
stressor to which the body had been exposed but a decreased resistance to other
stimuli presented at the same time This gave nise to the concept of crossed
Fesistance  or  non specific resistance Many of the morphological and bio
chemical changes of the alarm reaction disappeared during the stage of resistance
and indeed some of the effects were even reversed (deposition of lipid 1nto the
adrenal cortex)

Stage of exhaustion

The stage of exhaustion represented the composie picture of all non spectfic
systemic reactions which inevitably developed following protracted over exposure
to stressors  In these instances adaptation which had imitrally developed could no
longer be marntamned It was found that even a perfectly adapted organism could
not indefinitely a state of comp and this gave nise to the
concept of adaptation energy Once adaptation was lost hallmarks of the
alarm reaction reappeared such as thymicolymphatic involution gastro intestinal
ulcerations and loss of adrenal lipid

The genernl adaptation syndrome then represented the sum of all non specific
systemic reactions of the body which result from long continued exposure to chronic
stress It apparently evolved in three phases characterized by the alarm reaction
the stage of 1 and stage of ext Fi ] to this concept was
the realizanon that the fold histological morphological bioct ! and
functional alterations produced by a variety of systemic stressors were essentially
sdentical irrespective of the nature of the spectfic stressor  Superimposed on these
non spectfic responses could be seen the effects of specific damage ehcited by the
noxious stmulus but this was mcidental to rather than a part of the orgamsm s
defence pattern  The reaction could be elicited only by systemuc stress 1! Wwas 2
general reaction The response helped to acquire resistance 1t was adaptive 1ts
individual aspects were integrated and mutually dependent 1t was a syndrome
These features were to be distingmshed from specific adaptive responses such as
immunization agamst yellow fever smce this latter type of reaction was not evoked
by systemuc stress and the type of resistance produced was sharply imited to the

specific stressor
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presumably much like those of gonadal onigin having similar effects on secondary
sex charactenstics and favouning protem anabolism  Whether the adrenal cortex
normally secretes an androgen and what the stimulus for its production1s remains
uncertain and raises the problem of more than one ACTH A weak androgen 15
elaborated dunng the normal process of steroidogenesss but it 1s then hydroxylated
tocortisol  Although not concerned here with this group of compounds 1t should
be anticipated that ncreasing interest will centre about the posstble role of thrs
element of adrenal activity 1n the path of certan d ve disorders
particularly semile osteoporosis and coronary artery disease (Starr 1956)

The generalizations made above are deceptively broad It must always be kept
i mnd that because of the close structural simtlanty of these compounds no
clear-cut separation of function 1s expected Thus glucocorticoids have shght

effects on electrolyte activity some ticords produce rep m
carbohydrate boll and other p have intermediate activities
With the hesis of 9 alpha hal, d ds and more recently the 2

methylated analogues of these 1t 1s possible amﬁcmlly to produce agents with
extremely potent actions 1n both spheres or as 1n the case of the compounds with
a double bond in the 1 2 position to produce actions almost only in one area
This does not detract however from the uscfulness of making the artifical
separation

Lyophilized anterior prtwstary extract

It has been noted that certan effects of stress appeared to be mediated via
adrenal cortical activity and others appeared to be combated by adequate pro
duction of certain hormones Reference has also been made to the apparent
pumary role of the pituitary sn the d of the stress resp Further
experiments designed to elucidate the role of the pituitary 1n thus chain of reactions
were undertaken the principal agent uuhzed at this time being crude Iyophlhzed
antenor pitmitary extract  Such hypopt P appeared to be d
corticotrophic 1n that they caused enlargemem of the adrenal cortex Of con
siderably greater interest was the demonstration that these extracts tended to
sxmulate the damagmg effects of mmerulocomcmds especially as reg;\rds the

of | When led to the

and purfication of pituitary hormones 1t could deﬁmtely be shown that ACTH
was not the agent responsible for thts activity of lyophilized anterior pituitary
extract On the other hand somatotrophin (STH) or growth hormone did under
certain di reproduce nephr changes simular to those observed
with DOCA and the crude pitwitary preparations

More studies indicated that STH was able to reverse or antagomze certain
catabolic effects of ACTH It tended to prevent the weight loss and susceptibility
to nfection seen 1n animals heavily over dosed with ACTH or glucocorticords

For example the rats normal to could be by
pretreatment with ACTH Concomltam admimstration of STH would abohsh
this y Thus there app d to be a simular set of checks and balances

at a hypophyseal level such that STH was to ACTH as mineralocorticoids were
muneralocorticoids
glucocorticords )
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THE GROWTH AND DEVELOPMENT OF THE STRESS CONCEPT

inflammation, hypertrophy and hyperplasia and eventually a local stage of
exhiustion manifested by degeneration necrosis and atrophy ensues It was
even posstble to d ate the ph of crossed The possibil
of interrelations between the general and local adaptational syndromes appeared
hikely with the reahzation that both were non specific defence reactions and that
both evolved 1n three sinular stages  Furthermore 3t could be shown that both
these syndromes were unusually modified by certain adrenal and pitwfary
hormones and that if the two resp developed ! v 1n the same
orgamsm they greatly influenced one another This was particularly true 1n the
case of altered tissue reactivity to topical stressors in the presence of systemic
stress  Thus the fundamental reaction pattern to topical stressors was a local
adaptation syndrome with inflammation to systemic stressors the general adap
tation syndrome It was postulated that various modifications of these two basic
responses mught constitute the essence of certain diseases

TERMINOLOGY

The termmology which had to be adopted to describe the activity of adaptne
hormones 15 now considered  The 150lation of aldosterone from the adrenal has
more or less ended the unitarian conception of adrenal cortical secretion  Howeser
of the various 30 or more steroids 1dentified 1n the venous effluent of the adrenal to
date possibly only three give evidence at present of beng true hormones and they
are aldosterone cortisol or hydrocortisone and corticosterone  Whether the
others are metabolites or precursors remains to be seen In any event from a
functional viewpomt adrenal cortical secretion 15 most conventently understood
from a trimtarian approach Thus concept holds that the adrenal exerts 1ts physio
logical influences sn three mam spheres carbohydrate metabohsm electrolyte
metabolism and the vague realm of sex steroids

Carbehydrate metabolism

Carbohydrate bolism 1s 1nfl d pred ly by the glucocorticords
also called glycogenic steroids or  sugar hormones  Examples of this group are
cortisol and cortisone In addition to 1ts effects on carbohvdrates which are
mediated by gluconeogenic actions and mhibition of the hexokinase reaction the
glucocorticoids m general are also protein catabolic {or antt anabolic) and m
addition generally possess lympholytic and eostnopenic properties  More impor
tant for the purposes of this discussion 15 the pronounced effect that this class of
ds has on the nfl y process and on wound healing

P

Electrolyte metabohsm

The electrolyte controlling steroxds mineralocorticods or salt hormones
were 1mitially represented by 11 desoxycorticosterone but are now best exemphfied
by the naturally occurring aldosterone or electrocortin  In addition to promom:g
the reabsorption of sodum and the of these p
appear also to antagonize certain non carbohydiate activities of the glucocorticords

The seX sterouds
The sex steroids or testoids also knownas N or
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protein hormones  are



THE VALUE AND USE OF A THEORY

set play 2 sigmificant role i normal metabolism  Small quantites have been
recorered in perfusates of the gland i vitro (Hechter er o/ 1951) and in the dog
its concentration 1n the adrenal vern has beun found to be elevated after admms

tration of ACTH and reduced after hypophysectomy (Farrel ez af 1954) Of
considerable nterest 15 the first recorded report of the spontaneous occurrence of
significant amounts of desoxycorticosterone n human unine (Bongiovann 1955

This study suggested the possibility that desoxycor 1s normally produced
2s an wmtermediate compound 1n the synthesis of cortisol the conversion bemng
facilitated by the enzyme 11 8 hydrovylase Il a deficiency of this enzvme eusts

of 1f 1t 1s mactivated the conversion cannot proceed This situation apparently
obtatns 1n some cases of congenttal adrenal hyperplasia and 1t 1s thought that the
accumulatton of desoxycorticosterone 1s responsible for the hypertension that 15
seen in these cases  Desoxycorticosterone may thus be a natural precursor for
both cortisol and aldosterone (Wettstein ez al 1955) a concept that has interesting
tmplications i view of the Pprevious experiments mentioned

The possibility of still other mmeralocorticoids 1s rased by the 1solation of
17a 19 dihydroyy 11 desoxycorticosterone  from bovine adrenal perfusates
(Levy and Kushinsky 1954) This compound 15 of particular interest i that 1t
1s more potent than DOCA m the sodium retaiming test but apparently has less

penic (and 1 ticoid) effects than aldosterone

THE VALUE AND USE OF A THEORY

While 1t 15 not necessary for our concept to ascribe mineralocorticord potentialities
10 STH stself 1t 15 of interest to note that such properties have been described and
demonstrated to be operative even in the absence of the adrenal (Stemn et al  1952)
Comversely there may be found clinical (Scott and kalz 1956) and laboratory
(Menkin "1953) evidence suggesting that ACTH has local ant: inflammatory
Properties not mediated via the adrenal thus completely rounding out the concept
of duality and antagomism 1n the hypophyseal sphere

All the above observations are consonant with the general theory previously
outhned but they are by no means necessary for its existence mor would their
absence represent a source of sertous detraction  On the other hand 1f this theory
were unable satisfactonly to embrace alf the known existing facts it would obviously
10 longer be useful or tenable as such The reader must appreciate that we are
after all dealing with a theory rather than a Jaw and more particularly we are
concerned with very broad generahities within the rather flexible framework of
that theory  With thus 1 mmd there are a number of complex vanables which
must be mentsoned 1f only 1n summary fashion

v
Pred, of i or prophl corticod activity

Atany penpheral target site the over all effect will depend on the predominance
of antiphl d (AC) or propht corticord (PCy acuvity  This
relationstup 15 somewhat unusual n that with a fixed ratio of the two types of
sterouds the cortisol action predominates at high doses while the DOCA effect
1S most easily percetved at low levels  This perhaps explamns why 1 adrenalecto-
mmuzed animals d y y while in

bt




THE GROWTH AND DEVELOPMENT OF THE STRESS CONCEPT
PROPHLOGISTIC AND ANTIPHLOGISTIC EFFECTS

The convenent subd mnto gl ticond and ticord actvity
proved valuable also i serving to delineate other spheres of adrenal activity
Thus the bulk of mitial experimental evidence led to the hypothess that anti
rheumatic thymolytic eosinopenic and infection facilitating properties were linked
for the most part to glucocotticoid activity  On the other hand mneralocorticoids
not only did not possess these effects but in some nstances antagonized such
activittes  This was particularly true 1n the case of inflammatory reactions where
1t could be demonstrated that glucocorticords had strong anti mflammatory or
antiphlogistic properties whereas mineralocorticoidswere apparently prophlogistic
i that they appeared to stimulate the prohferative reactvity or inflammatory
potential of connective tissue  The analogy extended further to embrace the
actions of pituitary hormones in thus respect and 1t could be shown that ACTH did
indeed exert antiphl 1c effects pr bly (but not necessanly) through the
predominant hiberation of glucocorticords  whereas STH had  prophlogistic
actiities  Thus STH was to the muneralocorticods as ACTH was to the
STH ACTH

glucocarticards (w =

THE PROBLEM OF ALDOSTERONE

There are many gaps 1n the above thests One important objection 1s that aldosterone
has been disapp mg 1n 1ts prophl 1c activities 1s measured by 1ts abihty to
[ the anti infl; y effects of cortisol (Selye and Heuser 1954)
These studies were performed with the dosage of aldosterone calculated 1n terms
of 1ts equivalence to desoxycorticosterone with respect to sodium actiaty  When
compared weight for weight desoxycorticosterone and aldosterone are equally
prophlogistic (Selye 1955  Using the cotton pellet mmplantation techmque
(Desaulles ef al 1955) 1t was found that aldosterone had comparatively little
prophlogistic activity although curiously enough 1n small doses 1t did have
munmmal actvaty in this regard - Thus 15 not too surprising 1n view of other properties
of this compound such as 1ts effect on carbohydrate metabolism eosinopenic
properties and pr florded adrenal d ammals agamnst water
mtoxication (Gaunt ef @l 1955) In these areas 1t has glucocorticord rather than
muneralocorticoid effects  Although 1t resembles DOCA more than cortisol 1n
areas other than mineral metabolism as witnessed by 1ts mability to restore pro-
tective infl of antit against anaphylactic shock 1t falls short of
bemg the prototype of the concept of an 1deal mineralocarticoid because of 1ts
Jack of parallel prophlogistic properties It 1s important to note however thatit
does have some effects in this direction

Significance of desoxycorticosterone
It 15 quite possible that aldosterone 15 not the final answer 1n the problem of
endogenous mineratocorticord excretion It has not been established unequivocally
that all the sodium retaining activity of adrenal extracts 35 due to aldosterone or
to other known steroids and the problems of 1solation and extraction still offer
ficant ot ! There 1s evid to suggest that desoxycorticosterone may
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THE EXCFPTIONA] ROLF OF THE KIDNEY

conneetn g Lissue clements as weli
as suppressing the normal nflam
matoty response  Undes less
clearly defincd conditions muner
alocorticods  or  prophlogsti.
corticoids (PC) are refeased such
agenes fsvouring normat con
nectne  Ussue defences  The /
wechamsm of partiopaton of
mineralocorticoid of prophlogistie
hormones sn this phase of the
tesponse 1o stress requires much
more smvestigation. It appears
evident 1hat under certun circom ¢ﬂ
stances such s the stress of ACTH
surgery ncreased amounts of
aldosterone are also hbcrated
(Llaurado  1985)  The mech
amsms reguiating the release of
STH are sull less clear We
have seen that the effect of this
compound 18 to awment the
natural tosue  defence  mech
atusms  but whesher #t accom
phshes this by semstizanon of
the affected areas to the pro-
phiogishie action of (PC) hor
mone  or whether 1t may actually
be re ponsable fyr the stmutation
of prodution of these steronds
i the adrenal cortex (Beck
1955) 13 not known We have
adopted the former concept as
the one best supported by the
avatlable evidence although both
possibilities do ewst

In this dragrammae sketch the width of the circumterence of the outer aircle represents
the exssting state of focal defence a tivities 21 any one moment 1 terms « f connective fissue
activity  Those agents tending to augment thus granulomatous potentia) are depicted as solid
black arrows tho € tending 1o inhsbit st are represented by the white wrrows  The normal
defence potential 15 mdicated by the wdth of segment (a)  The effect of STH 1 shghtly to
augment this potentsal (b) but this occurs mmnly by providing a substrate o sensmzing the
afected tissue to the more profound prophiogistic effects of PC hormones which result i the
maumum widthat(c)  However AC honmones may not only completely nepate these effects
but alss may be sufficiently anti inflammatory 1o dimimish even the normal hssve response as
mdiated by the thinness of the segment at (d)  (See text for dsscussion «f pther factors that
modify these activities )

CLINICAL CORREI ATIONS

The crucial test of the general adaptation syadrome theorv 1s the ability to find
chinical corolfanes to support the expenmental evidence which has been presented
There are 2 number of p that the of this req

and they will be discussed below It 15 nstructne to note however that the
admimistration of DOCA to a patient with Addison s disease apparently resulted
10 focal areas of necrosis m heart muscle and sheletal muscle with evidence of
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THE GROWTH AND DEVELOPMENT OF THE STRESS CONCEPT

the presence of the 1drenal these effects are much more difficult to demonstrate
1t may also explam the results noted in the cotton pellet implantation experiment
referred to above (Desaulles ez al  1955)

In terms of this net result at the target site st 1s easly concervable that i some
instances the inflammatory response 1s beneficial and destrable while 1n others 1t
may be deleterious  Whether or not this plays a role i the determination of
ultimate predominance of AC or PC actwvity 15 of teleological interest but highly
comgectural  Itis quite hikely that such factorsas the nature quantity and chronicity
of the stressor as well as the nature and location of the target will modify the
response  Perhaps the most important smgle factor 1s the phenomenon of con
dioming and this will be discussed later

Finally nothing has yet been said about the vague but obviously significant
participating and co ordinating influences exerted by the central nervous system
and the autonomic nervous system  Equally mmportant and equally unknown
are the complex 1nteractions of other endocrine glands which play less clearly
defined roles 1n the over all response to stress However as previously noted the
value of a theory 1s 1ts ability integratinely to absorb new formation and st 15
hoped that the stress concept will be remforced rather than compromused when
such important ancillary information 1s obtained  Frg 15 summarizes the available
information concerming the potential nterrelations between systerme and local
reactions to a topical stressor

THE EXCEPTIONAL ROLE OF THE KIDNEY

The kidney possesses rather unusual properties that distinguish it from other
targets of corticoid actiity It has been noted previously that nephrosclerosis
may be produced by desoxycorticosterone under certain conditions  If cortisol 18
given simultineously this phenomenon 1s aggravated rather than prevented or
ameltorated Hence m this instance there 1s no glucocorticord minerafocorticold
antagonism but rather a synergism A sumilar synergism exists i the therapy of
adrenal insufficiency  Of further nterest 1s the observation that the nephrotoxic
effects of STH (and methylandrostenediol) are prevented by adrenalectomy
although other properties (for example prophlogistic activities) are not

FiG 15 —The stressor penetrates the normal defences (a) to reach the target Damage
to the target produces local and if ly severe and
necrosis  This appears to stimulate a vanety of local factors which tend to repar the
damage  Through some unknown pathway (represented by ) a stimulus travels from the

sngured target drectly to the antenior pitwtary  The nature of this  first mediator  of
d It bly may differ to the nature of

1 defence1s poorly
the farget or the charactenstics of the stressor In some mstances 1t may be represented
by a discharge of adrenalne 1n others 1t may be a neural or neurohumoral stimulus
Such posstbilities include the release of histamine Iike substances or tissue metabolites
at the site of imjury  On the other hand the chain reaction may be set off by a Jocal
sransitory deficeency of some vital tomponent of cellular metabolism (enzyme catalyst
vitamin glucose) Indeed any combmnation of factors mentioned may be operative  As
indicated 1n the diagram the stressor may in addion  act directly via hypothalamic
hypophyseal pathways In any event strmulatton of the anterior pituitary leads to an
nereased output of ACTH and the resultant liberation of glucocorticord or antiphlogistic
corticord (AC) hormones such as cortisal and cortisone  These agents nfubit the ability
of the target (o put up granulomatous barners and 1n certamn situations cause nvolution of
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CONDITIONING
polyarteritis so that it merely blocks or conditions the conditioning agent  The
reader will surely apprecrate the complexity and futility of extending thus type of
observation further

Indimdual stressor reaction

The problem of conditioning offers one of the greatest obstacles and challenges
to the attempt at applying the precepts of stress research to chnical medicine
Here the phenomena of conditioning may prove to be more important than any
other factor 1n determining the quality (type) as well as quantity (degree) of the
response  The problem 1s conveniently illustrated 1n the following Table

TABLE
INDIVIDUAL STRESSOR REACTION

Tends to react to situations by cerebration

ous

ECTOMORPH Imelkctual Cerebrotonic
Enjoys reas

Tends to be lmmvened

Tends to react to situattons wn terms of the
gastro-intestinal trace

Jovial

Good natured

Enjoys sensual pleasures

Tends to be extroverted

ENDOMORPH Viscerotonic

Tends to react to situations i terms of
physical actnines

Competitive
MESOMORPH Aggressive Musculoskeletotonic
Enjoys athleucs
Tends to be ambiverted

Let us assume that we have three mdividuals of the same age and sex and
apparently similar 1n all respects except their body type  One 1s an ectomorph
one an endomorph and the other a mesomorph  Psychratnsts and students of
somatology tell us that body type has considerable influence on or correlates wejl
with general affect and reactions to situations Thus ectomorphs tend to be
mtroverts they are usually tall slender individuals and tend to be serious to

enjoy reading and to be b The end, ph a round individual 1s
usually jovial good natured extroverted and enjoys sensual rather than mlellcctual
pleasures  he 1s said to be The ph 1s the well

athletic type very muscular and strong delighting m physical prowess and
allegedly musculoskeletotome

Theoretically if each of these men were approached by a bandit and ordered to
forfeit hus money or hus life the ectomorph being cerebrotonic would try to talk
hus way out of the situation perhaps by reasoming with the bandst and persuading
hum that he was taking a great risk and would not get much money anyway The
endomorph being viscerotonic would tend to express himself via his gastro
intestinal system and possibly respond to the situation with nausea vomuting
abdominal pain or more commonly diarthoea The mesomorph expressing
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THE GROWTH AND DEVELOPMENT OF THE STRESS CONCEPT

polyartenitis nodosa (Thompson 1950) In another patient with this disease
vascular changes in the kidney resembling nephrosclerosis were attributed to DOCA
admimstration (Deamer and Silver 1950) Intensificatton of arthritis patients
with Addison s disease who were receving DOCA has recently been reviewed
(kirkeby 1954) and the rapid develop of g arthritis foll

the administration of DOCA was also noted  The tendency to develop hypertenstion
on otherwise mintmal or moderate doses of DOCA 15 a not uncommon problem
i the experience of any clinician who has handled a number of cases of Addson s
disease  There are other examples which might be cited and conversely there1s a
considerable Jack of evidence but on the whole chinical findings to date though
meagre tend to be explicable on the basis of certain broad principles of the theory

CONDITIONING

Subjection to stress

Reference has already been made to the phenomenon of conditioning and its
cnitical role 1n the interpretation of the stress concept has been mentioned  Con
ditioning as viewed here may be taken to comprise any factor which modifies the
target organ s response to corticoid action or which alters the corticord response
to stress  Thus obviously covers a wide field and includes such diverse factors as
age nutntion and heredity as well as previous treatment with corticords  Prob-
ably the most important conditioning factor 1s previous subjection to stress which
concelvably might affect both the reactiity of a target organ and the release of
adaptive hormones The definition given above 1s perhaps not a true representation
of 1ts usual meaning 1n stress research since the term as employed by Professor
Selye has the of 10n or d and 1mplees that the
condittoning activity modifies the response in terms of quantity only  As will be
developed later 1t 1s concervable that the ability to cause altered or qualitatively
different responses should also be anticipated and reserved for this activity *

Cardiovascular and renal damage

The most familiar example of conditioming action 1s the enhancement of the
development of cardiovascular and renal damage by umilateral nephrectomy and
salt loading 1n the rat prior to treatment with DOCA  Under these conditions
hvpertension readily ensues although without such measures chronic or prolonged
treatment with DOCA 1s necessary to get the desired effect A more comphcated

of this cond pl 1s afforded by considering the additional

effect of thyroid 1n the umil lly nept d salt loaded DOCA
treated rat (Salgado 1954) When this procedure 1s performed there is complete
protection agamst hypertension as well as against the myocardial and renal Jesions
caused by DOCA but oddly enough the incidence of mesenteric polyartentis 15
exaggerated It 15 supposed that this ad ve conditioning of the
conditioning agent  Thiouracil has similar effects but does not cause increased
viewed 1n terms of

e B tha 1 o O ek, Sefchve condrioning wll

d
mena which impress us as being qualitatively different from the unconditiones
:’33&5:;2"}‘}2? :‘:;r:plc increasing the yellow component 1n a blue dye may result in a green colour)
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CONDITIONING VERSUS PERMISSIVE ACTION OF HORMONES

stress require the presence of corticords but are not dependent upon ncreased
adrenal cortical secretion for their existence  In this sense the adrenal does not
cause the effect but merely permuts 1t to occur by matntainng normal or increased
tissue reactnity  Restated in another way adrenal hormones condition the reaction
of the target to the stressor  Such an explanation would equally well explain the
results noted in Thorn s expertment A further extension of this proposition holds
that the increased adrenal secretion during stress serves to maintain homeostasts
rather than cause hypercorticordism  The increase n corticords 15 occastoned by
the increased need of the tissues for the corticoids At this level therefore a state
of eucorticordism or hypocorticordism may exist due to the balance existing
between avarlability and utilization

Sterord diabetes

The leadmg proponent of the concept of the  permussive  action of hormones 1s
Ingle and he has recently reviewed his position on ths subject {Ingle 1956) A
particularly rmportant concerns the ph of steroid diabetes
due to 11 oxygenated steroids The point 1s made that 1t 1s difficult to exacerbate
expenimental diabetes by non specific stress  Many stressors caused a decrease
1n the sevenity of experimental pancreatoprivic diabetes as determined by reduction
n glycosunia and  when the diabetic adrenalectomized rat treated with mainten
ance doses of cortical extract 1s exposed to severe stress the glycosuna decreases
as though the animal has now become adrenally insufficient  (Ingle and Nezamis
1950 1Ingle 1951) The demonstration by Engel (1952} that the catabolic response
to stress occurs before the response to corticotrophin or to glucocorticoids and
the notation by Venming (1955) that in general increased aldosterone elimmation
begins only several days after trauma whereas electrolyte alterations suggestive of
mineralocorticord activity occur almost immediately (Moore 1954) also suggests
that certain adrenal responses to stress require but are not caused by adrenal
actiity

There are certain arguments that might be offered to these examples  Although
1t 18 common practice one wonders 1f 1n this instance 1t 15 justifiable to make the
assumption that adrenal cortical activity can be effectively estimated by such
easily influenced and metabolically remote criteria as the level of the blood sugar
much less glycosuna  Another assumption which 1s made 1s that the two forms
of diabetes are additive so that having a state of regulated pancreatoprivic diabetes
the addition of steroids (stress) would invanably cause an exacerbation The
mechamsm of steroid diabetes 1s apparently different in certain important respects
from that of diabetes mellitus particularly with respect to alterations in pyruvate
metabolism (Frawley 1955a 1955b) If partial pancreatectomy interfered with
the mechamism of steroid diabetes 1n some way thss experiment would have to be
te examuned although evidence to support this 15 quite remote (kmick 1954)
Certainly alloxan and phlosidzin diabetes are not equatable  If one wished to
extend the argument further 1t might be postulated that evidence exists that stress
may cause hypergly m part via d gt (Fedely and
Jelmom 1955) In this eventuality pancreatectomy would inhibit such glico
corticord mamifestattons of stress and the increased need of the tissues for energy
1n the form of carbohydrate would decrease the glycosurta Obviously the specific
effects of the stressor used might also play a determining role mn the amount of
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THE GROWTH AND DEVELOPMENT OF THE STRESS CONCEPT

himself via us musculosheletal system would theoretically punch the fellow 1n the
Jaw or run as fast as he could

In this admuttedly made to order 1llustration we would have three ndividuals
similar 1n all respects save in their body build (conditroning factor) exposed to the
same qualitative and quantitative stressor reacting m three entirely different wavs
Obviously few persons fall wholly nto one of these categories and beng combina
tions of each  the responses would be much more complex and difficult to anticipate
that 15 1f the relationship between reaction pattern and body type 1s vald It 1s
equally clear that many other factors would control the response and the difficulty
1 ascribing prionty to any one conditioning factor 1s readily seen

It may be argued that the example cited has no endocrinological ymplications
and that 1t describes purely behavioural reactions to a specific stressor  Neverthe
less 1t may be wondered 1f 1n these three individuals the eostnophils all dropped
the same amount whether the blood sugar response was 1denucal and whether
one windividual might not have a nise 1n blood pressure when another was un
affected or going into shock The point 1s raised merely to indicate the tremen
dously important role yet undefined of nervous mechanisms in integrating and
modifying the response to stress and to illustrate the complex vanables that are
covered by the term conditioning

CONDITIONING VERSUS PERMISSIVE ACTION OF HORMONES

Stress or corticoids as condittoning agents
The problem of conditiomng reaches 1ts ultuma Thule when one 1s forced to con
sider stress or corticoids as conditiomng agents It 1s necessary to have a clear
understanding of terms since this subject has aroused much controversy and
nusunderstanding  As has been noted derangements are thought to occur during
the general adaptation syndrome as a result of quantitative disturbances of adrenal
response or by alterations in the balance of glucocorticord versus mineralocorticord
If the situation 1s examined further 1t 1s readily apparent that the determination
of whether excess hormone of either type 1s present at the target site 1s a function
not only of the amount of hormone produced but of less tangible factors such as
the need of the penipheral target for the steroid in question the rate of utthization
the rate of d jon and our ut di

It seems quite likely that 1n addition to 1ts ability to mcrease corticoid production
stress also affects certain peripheral targets by increasing their sensitivity to cortt
coids a conditiomng effect which was first recognized chincally by Thorn er al
{1955) These 1nvestigators found that only apparently in severe stress
could an actual excess of cortisol like activity be demonstrated but that even mild
stressors could elicit ch 1stic fi of gl ticord P
without able evids of d hormone secretton Thus 1t might
be argued that stress apparently sensitized or conditioned the peripheral target
to the action of glucocorticords producing relative hypercorticoidism

Rote of the adrenal

An alternate and equally tenable hypothests 15 the suggestion that the role of
the adrenal in the development of alterations following stress 1s a more or less
In other words certain metabolic consequences of the response to

assive one
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PRIORITY VERSUS AUTHORITY

the adrenal) and further suggests that certain manifestations of the stress response
require no corticord permussibility or adrenal participation

Thus many theoretical possibilities can be concened of interaction between
stress and the adrenal (1) non specific effect due to over production of coruicoids
(2) non specific effect due to decreased elimmation of corticoids  (3) non specific
effect due to conditioning of the target by corticord activity causing increased
sensttvity  (4) non spectfic effect due to the stressor but requining the presence of
corticords to mantan tissue reactivity  (5) specific effects due to the stressor itself
and not influenced by adrenal factors  (6) specific effects due to the stressor itself
requining adrenal activity  and (7) any combination of the above

In the author s opinton there 15 no 1rreconcilable conflict between the concepts
of conditioning and permussive action  However whileitis interesting and valuable
1o speculate about the possible modes of hormonal participation 1t 1s more impor
tant to keep sight of basic principles and to avoid not seeing the forest for the trees
We must not be preoccupied with deciding whether to view these activities of the
adrenal cortex as cond {Selye) p ¢ (Ingle) h ) B ‘onn)
or providing grease for the bolic axie wheel (Engel) The important contri
bution 1s the observation that the adrenal has anything to do at all with non
endoenine disease

PRIORITY VERSUS AUTHORITY

Inevitably 1n discussions of this sort the spectre of priority looms up and confuses
the 1ssue by mjecting personahties and by assoctating temporal prionty with
authonty To set the record straight the relation between hypophysectomy and
adrenal cortical activity was noted in amphibia 40 years ago (Allen 1917 Smuth
1916) and the abihity to correct this defect with pituitary extract was described
shortly afterwards (Smith and $mith 1923) Comparative results in mammals were
reported over 30 years ago (Smuth 1927)  Partial separation of ACTH from other
anterior prtwitary hormones was accomplished by Collip er af (1933) Expen
ments demonstrating that adrenal cortical hyperplasia followed stress and could
be suppressed by admimstration of adrenal cortical extract were performed by
Ingle over 20 years ago and reported shortly afterwards (Ingle 1938) The
sedulous nvestipator will even find the term  stress  used in descibing  the
essentially adrenal character of shell shock and war neuroses 40 years ago
(Harrower 1916 1929) Such observations often lead to polemics which prove
nothing  They tend to confuse the 15sue by raising the question of »ho 15 night
rather than what 1s ight - The basic matenals were certamly present 1n 1936 before
the mitial concept of the general adaptation syndrome was stated Agamn the
important contnbution has been the attempt to integrate existing factual matter
and the demonstration that the adrenal could be mnvolved 1n some way with non
endocrine disorders and adaptive processes

An unfortunate crittcism of the stress concept 1s that 1t has attempted to claim
credit for the discovery and use of ACTH and cortisone (Meiklejohn 1950
Rosenberg er al 1952) Nothing could be further from the truth  The author
can state from personal expenence that Professor Selye has disavowed any responst
bibity for or influence on the development of these agents Moreover he has
stated (Selye 1951)  Actually the reverse 1s true  It1s [ who throughout the years
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glycosuria due either to direct extra adrenal action on the blood sugar or repal
threshold  Unwarranted assumptions and criticisms such as those offered do not
detract from the important and significant implications of Ingle s observations
but they do emphasize the need for more refined criteria of the response to stress

Wound healing

There 15 other evidence against a purely permissive role for the adrenal during
stress It 1s known that non specific stress elicited by traumatic surgery tends to
inhibit wound healmg  In adrenalectomized rats maintained on small 2mounts
of adrenal cortical extract the stress of traumatic surgery does not result n a delay
1 wound heahng (Chassin er @/ 1954) In this instance at least increased adrenal
activity does not serve to maintain homeostasis but rather to cause hypercorticord
1sm A similar argument which may be offered 1s that the criteria used to denote
the effects of stress are those charactenstic of corticord actrvity  If the adrenal
merely played a supporting role 1t mught be suspected that the effects noted would
be those of the stressor rather than the adrenal cortex

7 lvdroxycorticord concentrations

Recent studies of free plasma [7 hydroxycorticoid concentrations m adrenalec
tomized dogs maintained on cortisol suggest alternative possibthittes (Steenburg and
Ganong 1955) In these experiments the test animals were exposed to immobiliza
tion anaesthesia and surgery All were adrenalectomized and all were given
identical infusions of cortisol The plasma level of corticords was significantly
hugher 1n the anaesthetized and operated animals than in the conscious ymmobilized
ones The logical conclusion would appear to be that surgical trauma can activate
a mechamsm which delays the disappearance of free 17 hydroxycorticoids from
the circulation

Hepatic damage

There 1s defimte morphological evidence of hepatic damage durmg the alarm
reaction (Selye 1950) and 1n rats exposed to a variety of stressors (formalin cold
spinal cord transection) there 1s marked reduction in hepatic function as measured
by the bromsulphthalein test (Mann and Lemonde 1951) In patients with Iver
disease the rate of disappearance of intravenous cortisol 1s 1nversely proportional
to the degree of hepatic damage measured by the bromsulphthalein test (Brown
et al 1954) although tetrahydrocortisone drsappears at an independent rate
These and other studies support the suggestion that impaired hepatic detoxication
of corticoids may participate 1n the hypercorticoidaemia caused by trauma (Tyler

et al 1954}

Eosmopema

Eosiophil counts during the experiment noted by Steenburg and Ganong
(1955) demonstrated an mteresting paradox The most profound eosinopenia
occurred when the animals were immobtlized and when blood corticoid peaks
were lonest A further drop was d d 1n three ad I d ammals
which were operated upon without replacement hormone and without a demon
strable rse 1n the circulating corticord level This indicates that the eosmophil 18
sensttnve to substances other than those of adrenal origin (at least in the absence of
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Another pitfall 1s the temptation to employ a sort of post hoc ergo propter hoc
type of argument Thus the demonstration that corticords benefit rheumatod
arthntis 1s not dence 1n 1tself to Tude that rheumatoid arthritis 15
due to a local deficiency of corticord any more than 1t could be due to a local
defi of aspinn or p 1b A d by other pertinent evidence
1t 15 a valuable obsenation and mught support such a hypothesis  This type of
reasoning may often be used effi 1y asin the d and treatment of
mld hypothyroidism by therapeutic trial It 1s ymportant to remember however
that a potential fallacy 1n the basic hypothesis eusts  Serous students of stress
will avoid these pitfalls

ANTELOPES AND ADAPTATION

Mimdful of the pitfalls of analogy one still notes that teleological concepts are
always the most appealine and that the basic supp of the general
syndrome finds many supporting analogtes m Nature Let us consider for example
the adaptational problems posed by evolution as 1n the case of the antelope

We comprehend that an essential feature of the adaptation of antelopes 1s the
development of horns It 15 their principal means of offence m struggles within
their group and of defence against attack from other animals Al the 23 vaneties
of antelope m the Belgian Congo possess horns yet they are otherwise quite dis
similar (Schouteden 1947)  There must be one type of horn which 1s basically the
most efficient and with mmor vanations m proportion or shape depending on
the size and habits of the animal  Yet it 1s clear that none of these antelopes
possess this  best horn Some horns are too small to be effective (duiker)
others are prohibitnvely unwieldy (kudu) The horns of the impala with their
double curve achieve the same placement and direction as those of the reedbuck
whick has a single curve but they are much weaker mechamcally and without

flording any ¢ ble advantag

If evolution were operating under a fixed plan such radical discrepancies would
not occur  On the other hand there 15 a definite onentating factor since all the
ammals appear to hate horns which sene them adequately 1f imperfectly It
appears that different mutations have occurred 1n different lines and that as long
as they have senved the adaptne end thatis the development of a functional horn
they have been retained with ancillary disadvantages  This illustrates the principle
of opportuntsm 1o evolution (Simpson 1949) which 1s the ability to meet a
need with what 1s available even if 1t 1s not the best asailable and even ifit 1s
harmful in other ways  One cannot subscribe to the finalist or vitalistic theory that
the changes which anse are the best ones needed for adaptatron but conversely
1f there were no onentating factor at all and the homs dexeloped purely by chance
then we should have bizarre results and ineffectneness  We have seen that how
ever imperfect the homns are useful

Perhaps ad: to stress bl mn Tut, The adap-
tational requirement imposed by stress 15 the restoration of homeostasis 1 this
case the development of effective horns  The requirement 1s satisfied by using the
best means at hand thouch often these are not the most efficient means bad
side-effects or discases of adaptation may rtesult for example unwieldy and
burdensome horns  One could not assume that the over all result was the best
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have been stimulated and aided by the 1nvestigations of those who have prepared
corticoids and ACTH  and again ~ From all this T hope that st will be perfectly
clear now that 1t was not the work of Hench that was inspired by the observations
of the Montreal group but 1t 15 our work that receives its greatest mspiration from
theirs One could hardly misconstrue this as a claim for prionty

PITFALLS

One must always anticipate the danger of generalizations extending far beyond
the support of actual data which they intend to generalize There 1s a natural
tendency for any theonist to attempt to fit more into his conceptual framework
than it can possibly contain  The apphcation of the concept of cybernetics to the
complicated intricacies of the human bran 1s an example of this From an
epistemological point of view 1t may well be impossible to solve the problems
which have been posed

One pitfall in the use of the general adaptation syndrome 1s the attempt to use
1t as a ngid law rather than as a theory It 1s not possible 1n the present state
of knowledge to account for the aetiology of all disease processes and even among
those we think we understand 1n terms of this concept the endocrine response to
stress may be only one of several modifying factors Thus while adrenalectomy
and hypophysectomy modify the stress response they do not totally prevent it
Similarly the stage of can be produced 1n 1 d ratsif they
are exposed to stressors gradually It has already been noted that under certain
circumstances eosinopema following stress may not be mediated through the
adrenal

In many instances the problem of over generalization anses from the over
extension of an anatogy To illustrate we note that cortisol inhibits the inflam
matory response or 15 mntiphlogistic  As supporting evidence accumulafes we
generalize and say that probably glucocorticods 1n general are antiphlogistic
We note that DOCA and some I ticotds are prophl 1c and that they
antagomize the actions of cortisol 1n this respect Hence perhaps all or most
other mineralocorticoids are also prophk These supposttions have proved
to be useful and are 1n accord with existing facts  They serve as a scaffold on which
to form other ded but 1f confl matenal 1s d d the scaffold
has to be torn down and remodelled for 1t no longer has firm foundations

May we on the basis of the facts noted above assume that glucocorticords and
mineralocorticoids will always be antagonistic? The answer 1s obviously in the
negatne since we know that the actvities of DOCA may be complementary and
synergistic 1n the treatment of Addison s disease as well as tn the experimental
production of nephrosclerosis  In this instance we would have been guilty of
pushing the analogy too far _Instead of using 1t as a sort of metaphor to describe
one phenomenon in terms of another quite distinct phenomenon we have made
the dangerous assumption that the phenomena really are the same sort of thmng
and that we can find m one an equivalent with all the features of the other This
1s the defect of all analogies we may come to think that they will help us to
interpret and even explam phenomena when sn fact they only help imperfectly
and often unrealistically This 1s not to say that analogies are not helpful and
useful but they should only extend so far as they are supported by existing facts
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CONCLUSIONS

responses to stress and (hat certam disorders may result from snappropriate
by products of these responses  Morcoser 1t s resy le for the d
that the adrenal mav be mvolved 1n the production or mamtenance of certain
non endocrine disorders and it attempts to define those areas i which stress therapy
1s likely to be most effectne

In the author s opimon 1ts greatest contnbution cannot be assessed at ths stage
Tt resides 1n 1ts heunstic mertt 1ts ability to cause its propon-nt and lus colleagues

to stne to seek to find and not to yield

No theory could ask for more
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possible but comversely one could not concerve that the end results happened by
chance since they are reproducible and if there were no adaptation to stress the

lopes would L diately since there would be no homeostasts 1
the guise of effective horns  The analogy cannot be pushed too far but numerous
other examples could be cited to illustrate that Nature frequently hyperreacts to
a stimulus by an exaggerated or nappropriate response which is potentially harm
ful thatis hyperplasia followed by malignancy scar tissue and heloids

CONCLUSIONS

What then can we say of the present value and Iimitations of the concept of stress
and adaptive disorders® Certain important principles have to be kept 1n mind
One of the most 1mportant and least respected 1s the realization that the response
to stresscrs 15 by definition a non specific reaction It 1s not a disease state but
m 1ts ideal form a phystological response to injury which has as its marn purpose
the preservation of witality and the maintenance of the constancy of the mulieu
mterseur  This interpretation must be differentiated from that i more widespread
usage and denoting damage or injury  The concept of Pasteur and Koch postulated
that disease was caused by specific pathogens and that the orgamsm responded
by specific adaptive reactions The therapeutic implications were obvious and
based on the principle of complementing and 1m:tating such reactrons when they
were deficient

The general adaptation syndrome 1s 1n one sense the antithesis of thus It
holds that many diseases have no single cause and no single pathogen that certamn
disorders are largely due to non speaific stress and exaggerated of mappropnate
responses which are by prod of otherwise physiol I adaptive processes
It imphes also that antistress therapy 1deally should attempt to complement the
mndividual s own purposeful adaptive pharmacological efforts and so emulate the
vis medicatri¢ naturae  Further by the understanding of the modus operandt of
drsorders of adaptive failure 1t might concenvably be helpful to utilize those agents
which would oppose the specific hormones which played a role in their patho
genests even 1f Nature did not use such a mechanism

1t 15 too early to be able to offer an adequate appreciation of the concept of
stress and the general adaptation syndrome  Its implications are staggermg and
1 the words of a notable authonity  If 1t 1s true 1t will represent the greatest
advance 1n the understanding of diseases since the introduction of the germ
theory (Ingle 1951) As emphasized previously interpretation of human drsease
1n terms of animal expenimentation ts likely to be fraught with danger this 1s
particularly so n the field of stress

1t 1s difficult to understand something unless you can measure 1t The fests
used to evaluate adrenal function are still rather crude and those employed to
measure stress are certamly less than adequate Thoreav i paraphrasing
Confuctus once wrote To know that we know what we know and that we do not
know what we do not know that 15 true knowledge  The second half of this
aphorism 1s most applicable to our thesis

"The cancept as st stands certainly offers more than a series of ingenious pharma
cological exercises It provides a firm framework for educated speculan;:
based on the premise that hypcphys:alsadrenal pathways are imvolved tn t
29
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potencies 117

synthetic 106 107 112-119
Corticosteroids
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plasma concentrations 159

urtnary excretion of 159
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and Steroid therapy)
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allergic disorders in 178
asthma in 181-182
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matic disorders)
eosmophil depression test 1n 155-156
msulin sensiuvity and 71
17 ketosterotd response to 157
lupus erythematosus in 183
rheumatic disorders in 172
rheumatord arthntis in 168-170
Cortisone (see also Cortico teroids ard
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adrenal inhibitien test using 160-161
allergic and pararheumatic disorders 1n
175-187
allergic disorders m 178
angtoneurotic oedema 1 179
anovulatory bleeding for 239
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cancer therapy i 225
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drug reactions 1n 180
Graves disease 1 32
hay fever in 178
hypopituitary coma treated by 138-140
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lupus erythematosus 183184
rheumatord arthritis in 168-170
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Cushung s syndrome
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hypokalaemma 1n 110-111
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Dermatitis—see under specific types of
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Dermatomyositis steroid (h:rzlp) m 185
Diabetes instpidus  100-10:
aetiology 101
ADH 1 treatment 104
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anatomical basis of 100
case history 101 102
chnucal features 101-102
dietetic treatment 104
differential diagnosis 102-104
hypertonic saline solution test in 104
latent effects 102
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nicotine test in 104
pitressint tannate m treatment 102 105
piturtary gland role of 1z 100
polyuria in 101 102
psycha]ogncal disturbance  differentia
tion
thirst 1n 101 102
treatment 104
true and spunious differentration 103
urinary output m 101 102
water deprivatton test in 103
Diabetes mellitus endocrine factors 1n
Addison s disease complicating 72
ADHA rats blood sugar response in
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adrena] cortex and 71-72
adrenalectomy and 72
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birth weight of chuldren and 71
blood plasma msulin content 61-66
blood sugar response of ADHA rats in

62—

classification 59
sulin sensitivity on 66

chinical forms of 59
complications 73-75
cortreosterord output in 72
corticotrophin and 71
cortisone and 71
glucagon raole of 69-70
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64-66

growth hormone and 70

hormonal factors abnormal 73
hypophysectomy and intensity of 70
msulin and 59-69 (sce also Insulm)
msulin resistance 74

msuhin sensitivity 1 61-66

obesity in 87-88

overnutrition 1 87-88

pancreatic hormones i 59-60
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toxic reactions 21~22
treatment 1 20-25
ultimate effects 22
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undernutrition effect of 90
Graves disease
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eye signs 27-29
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visceral 85
Growth hormone
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Gynaecology
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anovulatory bleeding 23
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choice of oestrogens 231-234
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menopausal syndrome 242-243
oestrogens used in 231-234
progestogenic compounds i _234-235
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Haemorrhage gasttic due to steroid
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Hay fever steroid therapy m 178
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Hormones 1n control of cancer (see also
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adrenalcctomy and 226
breast cancer 10 217-220
cortisone 225
future planning of 227-229
recent advances 225-229
Hunger mechanism of 81
Hyaluromdise 1n treatment of exophthal
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Hydrocortisone 112-113 (see also Cortico
stero ds and Steroid therapy)
allergic disorders 1n 181
asthma n 182
blood levels 173
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rheumatic disorders in 170-171
mtra articular 1niections 171
rheumatic disorders 1n_171-172
17 Hydroxycorticoids 292
5 Hydroxytryptamine 263-266 (see also
Serotontn)
Hypertenston
aldosterone secretion an 111
essenttal role of adrenaline and nor
adrenaline n 149 150
Hyperthyrotdism (see alse Graves disea €
and thyro 0xicosIs)
exophthalmos in 21
glycosuria in 21
1odide n treatment 15-16
medical treatment of 20
radicactive todme in 46-51 (see also
Radoactive 10dine)
tachycardia in 21
tests for 40
thyroidectomy 1n 23
young people 1n treatment 23

mn hy 1sm
135 137
Hypophysectomy
appetite and 89
breast cancer 1n 214 219 220
cancer treatment 1n 226-227
cold sensttivity to after 136
nitrogen retention after 86
obesity and 79
Hypopituitanism  coma 1t 132 (see also
Hypopituitary coma)
Hypopituitary coma
adrenal cortical and other factors in
2-1
cerebral anowia in 136
cortisone mn treatment 138-140
diagnosts 137-138
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factors precipitating_133-136
hypoglycaema i 132 134 137

134
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ndernutrition)
endocrine aspects 79-99
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hormonal influences 86
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activity and 8
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glucose tolerance in 87
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growth and in the child 85-86
psychogenic 84
sterord therapy durmng 167
Ocdema
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Oestrogen
anovulatory bleeding for 238
breast cancer rolein 214 216
treatment 1n 219
breast development 1 189-190
carcinogenests role in 213
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fat soluble 233
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menopausal syndrome 1 242
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ophthatmopfega
Osmolanty plasma and ADH secretion 97
Osteoporosss due to Iong term  sterowd
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‘Ovanan hormones
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Cushing s disease and 86-87
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endocrine aspects 79-95
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hormonal influences 86
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Pancreas
diabetes mellitus 1n
histology 60-61
mnsulin content 60-61
lower extractable insulin in 61
glucagon and diabetes mellitus §9-70
hormones 1n diabetes mellitus 59-69
islet issue 1n diabetes mellitus 61
); nsulin
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69

Pararheumatic disorders steroid therapy in
183 185

PAS hypothyroidism due to 24
Peptic ulceration
digestive ;ymptoms masked by steroids
166

sterod therapy complicating 165
Penartentis nodosa  steroid therapy n

Phaeochromocytoma adrenalme and nor
adrenaline 1n 150
Pitwitary antidiuretic hormone  see ADH
Pituitary glan
ablation
cancer for 226-227
obesity and 79
ameno:mlyoph:hz:d extract and stress

breast cancer 1 216 219220

diabetes mellitus and 70-71

growth hormone of 70

haemorrhage consciousness and 134

hormones and diabetes mellitus 70-71

uradiation 1n infertility  257-258

stimulants with _munimal  oestrogenic
activity 233

surgery c:;usmg changes i1n consciousness

mfemmy i pathological changes 250~  Pituitary hormones

]

breast development 1n 192-193
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Ketogenic steroids range of excretion 158
Ketosterotd excretion in cancer 226 228
17 Ketosterotd excretton tests 156-157
corticotrophin response to 157
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17 Ketosteroids
Cushing s syndrome 1n 161
vinlizing states in 161
Kkidney role in stress 286-287
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Lactatton 194-207
CTH rolen 199
adrenal cortex role in 199-200
biochemustry of lactogenesis 195-198
endocrine influences 20
enzyme changes 196
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metabolic rate and Metabolism)
Metabolism
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menstruation and 246
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dosage 20
Milk ejection hormone nature of 205
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mutiation of 194-207

msulin and 201-202
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postertor pituitary role in 204
Milking physiology of 202-206
Mineralocorticoids

prophlogistic effects 284

stress 1n 283
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oestrogens role of in 202

ovarian influences 201

pitustary extracts role of 194

pregnancy mhibiting 194-195
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suckling and milking in relation to 202~

thyroid gland rolen 200
Lipostatic regulation of appetite 83
I Nor adrenaline 1solatton of 142
Local adaptation syndrome 281-282
Lugol s 10dine solution 16
Lupus erythematosus
epilepsy complicating 184
steroid therapy 183-184
Lysergic acid diethylarmde 1nt treatment of
carcinord syndrome 273

M

Mammary gland see Breast
Menopausal syndrome 242-243
endocrine treatment 231

18]

Myxoedema
serum cholesterol in 43
therapeutic 1n hyperthyroidism
thyroid function absent due to 6
undernutrition simulating 91

N

N hormones 282
Neurohypophysis role m lactation 206-
207

Nor adrenalme 143
adrenal medulla 1n 146
artenal blood pressure effect on 147~

148
blood flow effect on 148
cardiac output effect on 148
effects of 147-149
excretion rate 144
formation and mnactivation of 145
glandular release of 146
hypertension essential and 149-150
metabolism effect on 149
phaeochromocytoma and 150
role physiologteal 149
subjective effects 147
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corttsone and corticotrophin m treat  Steroid therapy 118-119
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glycosuria due to 168
inflammation and infection masking
by 166
obesity complicating 167
osteoporosis complicating 167
peptic ulceration following 165-166
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psychological disturbances due to 168
routine supervision in 170
sodm retention due to 167
92 Fluorohydrocortisone 1n 172
hydrocortisone acetate n 171
local hydrocortisone therapy in 170-171
prednisolone in 172
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Rheumatic fever steroid therapy m 164—
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Scleroderma sterord therapy 1n 185
Su;otonin 263266
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action mode of 175-178
allergic disorders 1n
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dosage 177-178
effects focal 176
Iocal therapy 181
mnor disorders 178
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drug reactions 1n 180
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266~267
formation and metabolism 264-265
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output varying 267
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Simmonds disease 88-89
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carcinogemc action of 213
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depresston of adrenal activity by 113
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potencies relative 112-113
rtheumatoid arthritis 1n 114
potencies of new 117
sex and stress 282-283

Sodium oestrone sulphate 231 ol in
Sodwum retention 1n sterowd therapy 167 241
Somatotrophtn Stress concept of 278-298

lactation role 1n maintenance 198-199
muneralocorticoid potentiahities 285
stress role in 283
Stetn Leventhal syndrome 250-252
diagnosts 251
ovarian resection i 259
pituitary onigin 251
Stenosis  pulmonary and carcinod syn
drome 263 (see afso Carcinoid
syndrome)
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ACTH rolen 283 284 285

adrenal gland role of 290-293

adrenaline and nor adrenaline released
mn 146

aldosterone role in 284

antelope s horns and 295

anterior pituitary extract lycphlhud 283

body type in relation to 289-290

carbohydrate metabolism and 282

cardiovascular damage 1n 288-289
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balance studies 122-123
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Polyuna 1n diabetes instprdus 101 102
Porter Silber colour reaction of 159
Potasslunll depletion duriny, steroid therapy

68

Potassium perchlorate 19
Predmisolone  115-116 (see also Cortico
sterords and Steroid therapy)
cortisone companison with 116
duration of action 116
hay fever 1n 178
lupus erythematosus in 183-184
rheumatic disorders mn 172
suppressive properties 115-116
Predmisone  115-116 (see also Cortico
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cortisone comparison with 116
duration of action 116
hay fever in 178
Iupus erythematosus m 183-184
rheumatic disorders 1n 172
suppressive properties 115-116
Pregnancy
aldosterone secretion in 111
breast cancer in relation to 216
diabetes mellitus and 71-72
hydroxysteroid output during 72
Iactation and 194-195
Progesterone
anovulatory bleeding for 238-239
breast development 1n 189-190
Progesterone compounds 234-235
depot therapy with 234
oral 234-235
Prolactin role in lactation 194 199
Propylthtouracil 18~19
dosage 20
Prostatic carcinoma  22£-225
aettology endocrine 221-222
androgen therapy 222-223
assay of pestrogen androgenstatusin 228
calcium metabolism in 228
carcinogenic action of steroids m_ 213
castration m_effects of 221 222 223
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cliveal findings 221-222
endocrine factors 212-213 221-229
experumental findings 2.
hormone dependency 212
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Psychologieal disorders due to steroid
therapy 168

Pulmonary stenosts and carcinoid syn
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pura steroid therapy in 180
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Radioactive 10dine
carcinoma of thyrowd in 52-57
complications during treatment 57
dosage 56
estimation of radtoiodine uptake 56~
57

ndications  54-56
method of ablation $3-54
re exarmunation after treatment 57
selectton of patients 53
techmique therapeutic 52-53 56-57
hyperthyrotdism 1n 46-51
advantages 46-47
childhood duning 47
contra sndicattons 47-49
course post therapeutic 51
disadvantages 4749
dosage 48 50-51
mahgnancy induced and 48-49
pregnancy durmmg 47
prelimmary treatment 49-50
radsosensttivity and 47
side effects 48
technique therapeutic 49-51
mnsulin tests i 67
tests of thyrord function with 36-37
dosage 36-37
drugs causing fallacious results 41
fallactous results 4
measurement of radioactive thyrord
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methods and equipment 36
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thyroid uptake tests 37
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urine excretion tests 38
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Radiotherapy 1n anovulatory bleeding 240
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Thyrotoxicosts
serum cholesterol in 42-43
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T hormone 1
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endocrine aspects 79-99
generative organs effect on 90
gonads effect on
metabolic rate effect on 91
myxoedema simulating 91
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con
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conversion to triodothyromine 5
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thiouracil reversed by 6
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mho effects 6
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genic drugs 18

U

Undernutntion §8-92
adrenal changes 1n 92
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thyroid activity in 91
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Urticaria chronic steroid therapy in 179
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Tachycardia and hyperthyrordism and 21
Telangiectasia m carcinoid syndrome 269
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